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EXECUTIVE SUMMARY
Introduction

Transmission network planning has been strongliuénfced by the electricity market opening.
Several facts are very important for transmissianming process under new conditions. These
facts are:

= significant uncertainties that appear in a derdggdl&nvironment comparing to those that
appear in a non-deregulated monopolistic envirorimen

= lack of input data needed for planning process,

= different transmission development objective fumtsi, depending on the view of market
players and participants (producers, traders, gagplconsumers, regulators, operators),

= certain disproportion between technical, economeaironmental and social requests.

In the SEE region transmission network is owned @mdrolled by SEE TSOs. Area of interest for
this Study spreads over territories of Albania, lBasand Herzegovina, Bulgaria, Croatia,
Macedonia, Montenegro, Romania, Serbia, UNMIK, 8loa and Turkey. Each of them has its
own transmission system operator who is respongibleetwork reliability and security, as well as
operational and planning aspects.

The 8" Athens Forum concluded that transmission investrogteria have to be defined from a
regional perspective, and transmission projects havbe prioritized according to those criteria.
The aim of that conclusion is to support markeivécts inside the Energy Community and to
remove barriers caused eventually by transmissétwark for free market trading.

This study elaborates the problem of transmissiestments in an open market environment
(Chapter 2) defining the most relevant uncertasniethe SEE region, reviews past experience in
transmission network planning, analyzes transmispianning criteria which have been used by
different SEE TSOs (Chapter 3), reviews national godes and a draft version of the regional grid
code (Chapter 4), suggests transmission investrogtdria from a regional perspective and

proposes a methodology for project prioritizatioBhépters 6 and 7), based on the certain
prerequisites and assumptions (described in Chéajpter

Transmission network planning in an open electriciy market

Transmission network planning inside the verticaliyegrated power companies were mostly
performed in order to determine network configunatin the future that will support power plants
economical dispatch and satisfy predefined technieguests with minimum construction,
operation and maintenance costs. Transmission netplanning inside the SEE power supply
companies in the past was characterized by thevoig:

= (n-1) criterion was applied and was dominant implag,

= only peak load situations were analyzed (minimuradlsituations were also analyzed
somewhere to observe voltage profile),

= probabilistic methods were generally not used, sabgbility of network failures and
overloadings were not observed,
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economical criteria were not dominant in decisicaking process,

uncertainties in input data (production plan, gates dispatch, load growth, etc.) and
related risk of wrong investments were not treatsisfactorily.

In an open market environment there are significantertainties, which have to be taken into
account during transmission system planning. Thstmsignificant uncertainties are:

power plants construction,

power plants decommission,

generators engagement (bidding behavior),
load growth predictions,

demand elasticity,

market prices,

market transactions,

bilateral contracts,

regulatory aspects,

market organization, etc.

There are some important issues which have to bsidered concerning transmission system
planning in an open market environment:

network planning has to include the most importardertainties in the future,

traditional mathematical optimization methods aetedninistic models are not appropriate
for market conditions without significant improvents,

each network investment decision include some sekiisk analysis techniques should be
applied in network planning,

investment decisions depend on applied planninger@i which should be defined
according to a strategic view on transmission mléhe market (economically optimal or
satisfactory secure network, allowance of full cetition no matter of development costs
etc.),

having in mind the necessity for uncertainties us@n in the planning process, risk
analysis and economical calculations, the prolshuliplanning methods have advantages
comparing to deterministic ones,

network development in an open market conditiormukhbe initiated by market oriented
signals such as location marginal pricing or cotige<osts.

Today, the SEE TSOs still plan their networks a®tee without taking into consideration future
market conditions. Technical (n-1) criterion idld¢kie main rationale for network strengthening th
economic criteria have not been applied, the detéstit methods have been dominantly used,
almost neither of them use probabilistic methodedpt Romania), uncertainties have not been
included into the planning process, there are nough, or not at all, market signals which may
lead to network investments.
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Existing planning criteria

Based on the questionnaire that was given to el®&h TSOs (Albania, Bosnia and Herzegovina,
Bulgaria, Croatia, Macedonia, Montenegro, Roma8&bia, UNMIK, Slovenia and Turkey) about
transmission network planning issues, it may beckmed that:

SEE TSOs are responsible for transmission netwlatkning, and development plans have
to be approved by national regulatory authoritiesrgwvhere;

SEE TSOs are obliged by national laws to prepamstnission development plans up to 20
years ahead. The most often time horizons for phgnare 1 year ahead and five years
ahead;

Transmission investments are mostly financed thmowmgnsmission fees and loans. Only
Turkey allows private investors to construct traission facilities;

Transmission planning criteria are published inrthBonal grid codes;

The main technical criterion for transmission sgstdevelopment is the (n-1) security
criterion, which is applied everywhere. It is mgstelated to the loss of single line,
transformer or generator, when following eventsrarepermitted:

» thermal overloadings of branches,

» voltage declination below permitted range,
* loss of stability,

* loss of load,

* interruption of power transits, and

» disturbance spreading over power system.

The (n-2) criterion is used only in Montenegro @&dmania (in Romania only for grid
connection of the nuclear power plant);

Other technical criteria for transmission systemnping are not used, except in Romania
where stability criteria and compensation facisitiastallation criteria are prescribed;

SEE TSOs usually do not define different thermaings for winter and summer

operational circumstances, or for normal and emmrgeonditions. Different ratings are
defined somewhere (Albania, Montenegro, Serbiakd@urUNMIK) for winter and summer

operation with respect to the outside temperatamed different ratings are defined
somewhere for normal and emergency conditions wapect to the protection systems
settings (Macedonia, Montenegro, Slovenia);

There are no TSOs in the SEE which valuate thegimtity of the (n-1) events during
transmission system planning;

SEE TSOs usually conduct load flow computationgusty analysis and short circuit
calculations during planning process. Optimal pofiews (Bulgaria, Turkey, UNMIK) and

stability analysis (B&H, Bulgaria, Macedonia, RonmnTurkey) are also conducted
somewhere;

Probabilistic analyses during transmission systéanmng process are performed only in
Romania;
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Economic criteria are applied somewhere (Albani&HB Croatia, Macedonia, Romania,
Serbia, UNMIK) in the transmission network planning

The most often used economic criterion is the pabfiity index as the ratio between
benefits and costs of transmission investments;

SEE TSOs which apply an economic criterion usuabjyimate reduction of the cost of
losses, loss of load costs, re-dispatching costsgestion costs and benefit from
telecommunication lines;

Undelivered electricity costs in the SEE are lowlan 3 €/kWh. The lowest value is
applied for planning purposes in UNMIK (0.4 €/kWhhnd the highest value is applied in
Croatia (2,56 €/kwWh). Some countries have not e@efithose costs;

Generally, additional planning criteria are not lggap for interconnection lines. Some
countries apply different planning criteria based the system operational costs
(Macedonia) and difference between energy priceg{8);

Uncertainties are mostly taken into account by gisiulti-scenario analysis (Table 4). The
most important uncertainties are:

* new power plants size and location,

e generators engagement,

» hydrological conditions,

* market transactions,

* country power balance (demand/supply).

Risk assessments are not conducted by the SEE TSOs.

Grid codes review

Based on the review of the national grid codesaddaft version of the regional grid code related
to the transmission network planning issues, itlmaconcluded that:

Grid codes prescribe TSOs obligations relatedanstmission system planning reports and
studies. Planning horizons vary from short-term twp year ahead) to long-term (up to 20
years ahead);

Grid codes define the role of the transmissionesyst National transmission systems have
to enable reliable and secure system operatiorcamiihuous load supply. Regional aspects
of national transmission systems are not mentidnedational grid codes so there is no

reference point for regional transmission systeamping;

All national grid codes prescribe the usage of (imél) criterion in transmission system
planning. Explanation of that criterion is very #an between countries and not permitted
consequences of single outages are pretty muctathe;

Other technical criteria, such as short-circuistability criteria, are prescribed somewhere
in national grid codes;

Transmission investments economic rationalizat®mat mentioned in the national grid
codes, except in general terms in B&H and Romaoiaes;

Probabilistic technical criteria for transmissioystem planning (loss of load probability)
are mentioned only in Romanian and Turkish gridespd
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= National grid codes are prepared in line with &tdrarsion of the regional grid code, and
there are no larger disproportions between the@mnaltigrid codes and the regional grid code
concerning transmission system planning issues;

= Draft version of the regional grid code assumesatwa of a working group which would
plan the network on a regional level, especialhecting attention towards interconnection
lines and those internal lines that have large ohpa transfer capacities between different
countries. National grid codes do not envisagewaorking group at a regional level which
may deal with regional and/or national transmisspstem planning issues;

= |t seems that national grid codes and a draft eersif the regional grid code do not
satisfactorily respect market issues in transmisplanning, especially concerning planning
uncertainties, economic considerations of trandomssnvestments, balance between
security and costs, promotion of the private finag@nd congestion costs.

Prerequisites and assumptions

The basic assumption for the work conducted withiis Study is that the regional electricity
market will exist in the near future at the temytaof South East Europe. Planning criteria and
methodology are thus suggested to be respectdteliyEE TSOs.

Well defined planning criteria and methodologyha tegional level may help the SEE countries to
develop their power systems and infrastructure thidlt serve common electricity market in
accordance with the Energy Policy for Europe (EREgeting the objectives from the EPE related
to sustainability, competitiveness and securitgugiply will surely help the SEE countries to better
integrate into future common European electriciprket.

Basic assumption for the work conducted in thisd$tis that a stable regulatory framework and
necessary degree of co-ordination between the SEBsTn terms of technical standards, balancing
rules and congestion management mechanisms watbeved in the near future. More sufficient

unbundling of the TSOs from production and supmynpanies may lead to more incentives to
develop the network in the overall interest of terket and the SEE region as a whole.

The SEE transmission network planning criteria anedthodology are defined by observing
national networks at the territory of the SEE, unithe responsibility of the SEE TSOs, as unique
network, with the aim to promote and ensure madgtivities inside the Energy Community.
Planning criteria and methodology are defined tgkimo account national requests defined in
national grid codes as much as possible, but stitete regional electricity market needs. They
serve primarily to support market activities witktisfactory level of overall system adequacy and
security, based on technical and economical coratides. They also serve to estimate the level of
future SEE power system reliability and to identiéynd prioritize transmission investment
candidates from a regional point of view.

In other words, the SEE region is observed as oweepsystem with same obligations and rights
for all market participants and transmission netwolianning criteria and methodology are set to
keep the overall system adequacy and securityeimthst economical way.

Important assumption for the effective usage ohipilag criteria and methodology proposed in this
Study which will lead to transmission network intreents with regional significance is an
acceleration of authorization procedures (constncdf a new transmission line may last more
than 10 years in existing situation). Dynamic aast flevelopment of the SEE transmission system

10
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will support predicted fast growth of trading adi®s inside the electricity market and fast
integration of renewable energy sources (constagberiod for a new wind power plant is up to
three years), which will be impossible if compledtauthorization procedures remain unchanged.

Environmental aspects in the SEE transmission systevelopment have to be observed and
respected in the most efficient manner. This wallphto speed up the construction of transmission
facilities by making them more acceptable for théle.

Private initiatives and public-private partnersiipthe SEE transmission system planning and
development should be stimulated by market oriestgdals. Private interest is important aspect
with respect to economic rationalization of netwankestments and has to be respected and
promoted.

The SEE transmission system planning should incthdemost important uncertainties that may
arise in the future. According to the planning hons (short, medium, long term planning), there
are different types of uncertainties which haveb&included in analyses. The most important
uncertainties which should be observed in the net\tanning are:

= new power plants size and locations,
» hydrological conditions,

= generators bids,

» branches and generators availability,
» |oad prediction,

= regional power balance.

Different planning scenarios dependent on the daicgies and planning time-frame are shown in
Appendix 4.

Transmission network has to be designed to sewedleds of its consumers. Connection of new
power plants brings probably the largest uncewnaint network development. As many as
necessary scenarios concerning Generation Investian have to be analyzed. In accordance to
the European Energy Policy special attention shbeldlirected on the integration of renewable
sources into the grid. One generation investmernaio may be defined assuming high
integration of renewable sources on distributiomgl wind power plants, fuel cells, small hydro
etc.) and transmission level (large wind power tdan

Transmission system investments are financed bySthe TSOs through transmission fees and
loans according to national legislation. Nationagjulatory authorities have to approve network
investments and allow the inclusion of investmendts into transmission fees. This study does not
observe the problem of investments financing. Rnoisl may arise if some SEE TSO is not
satisfied with the SEE transmission system devetogmplan, made according to the criteria and
methodology defined here, and rejects to investsame new line with a regional market
significance (with not so obvious benefit for na@b network and system under control of that
TSO). Some mechanism for investments financinghenterritory of one TSO but beneficiary for
other TSOs or market players/participants has ttobed at least in the framework of the Energy
Community. Otherwise, the adoption of planningesia and methodology suggested in this Study
will be more complicated, if not impossible. Prizahvestments should be stimulated also by the
SEE TSOs, regulatory authorities and respectiveoadlies.

11
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With the market development it is expected thatgestion costs will become a very influential

factor for interconnection lines construction. Netkreless, transfer limits on interconnection lines
in the SEE are often related to some internal nétwayoblems, and rationalization of some

investments in new interconnection capacity mayseathat internal problems stay hidden.
Furthermore, the SEE TSOs may declare lower valti®&et Transfer Capacity in order to protect

domestic power producers from market activitiesookeep unnecessary high level of security of a
system under their control because of differenéoaa.

Having in mind that planning criteria and methodpl@re set in this Study for the SEE region as a
whole, the treatment of interconnection lines amigrnal national lines should be the same. It
means that suggested criteria and methodology twakie applied equally to interconnection lines
between different SEE TSOs and to internal powegsliinside national networks. Planning criteria
for power lines between the SEE countries and atierkets and power systems should be based
on economical rationales, taking into account pmksses for expanding market activities (power
import, export) and differences in electricity @scon different markets.

Transmission network investment criteria

Technical criteria for the SEE transmission syspgamning are used for technical evaluation of the
candidate projects for transmission network reicdéanents. Technical criteria include:

1) The (n-1) criterion,

2) Voltage and reactive power criterion,
3) Short-circuit criterion, and

4) Stability criterion.

Table 5 (Chapter 6.1.5) presents the summary ofestgd SEE transmission system technical
planning criteria.

The profitability index is defined as the ratio Wween expected annual benefit from a candidate
project and the annuity of its expected costs (itaoson, operational and maintenance costs), and
suggested as the economic criterion for transmmssigstem planning. Profitability indices for
candidate projects have to be calculated for aletframes (planning years) within the planning
horizon. Observed candidate project is economigatbfitable if its profitability index is larger
than 1 within planning period. If profitability imc is not larger than 1 for all studied years a
candidate project is considered as not economipadifitable.

The most important transmission candidate projecthe one with the highest value of the
profitability index. Economically profitable transssion candidate projects should be included into
planned network configuration according to declingabfitability indices (from the highest
profitability index of a candidate project to thenest but greater than 1). Planned transmission
network configuration should not contain any ecormaily not profitable candidate project.

The following types of benefit from candidate puige construction may be estimated for the
purpose of economic criterion evaluation:

» benefit due to reduction of expected annual undetie electricity costs,
» benefit due to annual losses reduction,

12
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= benefit due to reduction of annual re-dispatchiosts,
» benefit due to annual congestion costs reduction.

The following types of costs from candidate prggemdnstruction may be estimated for the purpose
of the economic criterion evaluation:

* investment costs,

= operation and maintenance costs.

For the planning purposes, investment costs magdbenated by using unit equipment price
values. Unit equipment price values for the SERoregvhich will be used for planning purposes
have to be determined by the SEE TSOs.

Discount rate which will be used for the SEE trassion system planning should be determined
by relevant institutions (the SEE regulatory auities, the SEE TSOs etc.).

Methodology for project prioritization

The SEE TSOs are obliged to plan transmission systender their control. Their plans will
include new facilities and objects, but plannedmarniily to satisfy their national requirements,
obligations and criteria. Regional and market sigance of these projects may be invisible or not
estimated and taken into account. Unique list ofiadate projects in the SEE should be determined
and each of the SEE TSOs should define candidajeqts according to their national plans and
considerations. This list has to include technaa economical parameters of candidate projects.
The list of candidate projects prepared by each $&8 shall be divided into two parts:

1. candidate projects with local significance, and
2. candidate projects with possible regional sigarice.

Only candidate projects with possible regional gigance should be evaluated at the SEE regional
level, examined according to pre-defined techniaad economical criteria and prioritized
according to the methodology defined in this Study.

Load flow and security analyses have to be conduat¢hin planning time-horizon in order to
examine future network operation and identify plolgsiconstraints that may occur. Network
modeling for load flow and security analyses sheallprepared by the SEE TSOs, representing a
network on the territory of their control. Modelsali be merged and one official model of the SEE
transmission network shall be prepared for eadfliestuyear within the planning horizon. Network
shall be modeled in the PSS/E format (Power SySemulator for Engineers, Siemens PTI) that is
used by all SEE TSOs. Concerning analyzed demamatisins, three load levels shall be modeled:

1. winter peak load,
2. summer maximum load, and
3. summer minimum load.

Initial models should be used to create differentais representing future uncertainties defined in
Chapter 5.2 and Appendix 4.

13
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Load flow and security analyses should be perforrfmdall future scenarios and network
constraints should be recorded. List of recordetivokk constraints for all analyzed planning
scenarios in a studied year is the base for projoetiidates’ technical and economical evaluation
that follows.

For the purpose of economical evaluation of cartdigaojects, declared by the SEE TSOs as
“projects with possible regional significance”, atheir prioritization, probabilistic analysis shdul
be performed. Probabilistic analysis should be ootetl for different demand (load) levels.
Probabilistic analysis should be performed forpddinning scenarios defined according to future
uncertainties. For each planning scenario benfefita candidate projects shall be evaluated.

Separate application of technical and economiciér@ in transmission system development
evaluation and projects prioritization procedurkewd be allowed, depending on readiness and
availability of software tools.

Starting from the common list of candidate projentsminated by the SEE TSOs as “projects with
possible regional significance”, and conducted ysed of load flows and (n-1) security, candidate
projects should be included into network topologye dy one, and new load flow and security
analysis have to be performed for all analyzed mptam scenarios in a studied year. New list of
network constraints has to be created, and contraihat are removed when new project is
included into network topology have to be highleght

Candidate projects which are included in the ree@vist of candidate projects are technically
prioritized according to network constraints thigg eemoved by candidate projects:

» first group contains candidate projects that remoegvork constraints with (n) available
branches (the highest level of technical priorti@a), and

» second group contains projects that remove netwoankstraints with (n-1) available
branches (lower level of technical prioritization).

Inside these two groups of candidate projectshéurtechnical prioritization is made according to:

» the number of planning scenarios in which a carndigaoject removes network constraints
(more planning scenarios with network constraintg aire removed by a candidate project,
more technically significant is a project),

= voltage level of overloaded transmission lines @eah of overloadings on 400 kV lines are
more significant than on 220 kV lines), and

= the number of network constraints that are remdwed candidate project (more constraints
are removed, more technically significant is a @ct).

Candidate projects that are included in the revikwst of candidate projects and prioritized
according to the technical criteria should be fertevaluated and prioritized according to the
economic criteria.

Evaluation and prioritization of candidate projeatsording to the economic criteria is based on

the profitability indices, or on the basis of tlaio between annual expected projects benefit and
costs annuity for a studied year. Candidate prsjelbbuld be included into network topology in a

14
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model for probabilistic analysis, one by one, dmrtbenefits should be estimated. Costs should be
estimated using same unit equipment prices. Philitia indices should be calculated for all
planning scenarios and average profitability indexa ratio between total sum of profitability
indexes for planning scenarios and the number ailyaad planning scenarios should be
determined. Prioritization of the projects should made according to maximum average
profitability index. Transmission facility or objeavith maximum average profitability index
should be included into network topology for a stddyear, and all calculations have to be
repeated in order to find out a candidate projéti the second highest average profitability index.
This procedure shall be repeated until there arether candidate projects with the profitability
index larger than 1 in any planning scenario.

Transmission system planning process consistsfigreint mutually dependent analyses (technical
and economical ones), so it is necessary to defiaegplanning procedure that will be respected
during planning process. Following steps in theapiag procedure are suggested:

Collection of planning data (technical and econa@ianes);

Preparation of the list of candidate projects y $feE TSOs for planning time horizon;
Definition of the planning scenarios;

Network modeling (for technical and economical gses);

Identification of network constraints (load flowdasecurity analysis);

Evaluation of candidate projects according to texdircriteria;

Identification of the reviewed list of candidatejacts;

Prioritization of candidate projects accordingdoftnical criteria;

© ©®© N o o b~ wbdPR

Probabilistic analysis;

10. Prioritization of the candidate projects accordimg@conomic criteria;

11. Determination of the final network configurationabserved time horizon; and
12. Other technical analyses (short-circuit, stabiktyitage).

Proposed SEE transmission system planning procésipresented in Figure 3 (Chapter 7.6).

Conclusions

In the course of the work on this Study we becawara of the following:

= Planning criteria used by the SEE TSOs today anergdly similar and mainly concentrated
around the (n-1) security criterion;

» Market oriented transmission investments and imrests from regional perspective are not
mentioned and satisfactorily treated in the natignid codes;

» National transmission networks are mainly plannedoeding to technical considerations
and economic rationalization of new investmentsegalty stays out of interest;

= Methods used by transmission planners are baseddatarministic approach and
probabilities of different events (network failuyggenerator dispatch, branches availability

15
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etc.) are not treated satisfactorily which doesallmw better economical considerations of
network development and inclusion of economic deteto decision making process;

» The SEE transmission system planning process hiasltale different uncertainties which
will occur in an open electricity market environrhedfhe most important ones are
generation investment plan(s) with size and locatiof new generators, generators bidding
behavior in the future, hydrological conditionsabches and generators future availability,
load growth and regional power balance. This steigygested multi-scenario approach in
dealing with uncertainties and transmission plagmrocedure is adjusted to that;

= Transmission development in the SEE may be morecfe and faster if following

requests are to be fulfilled: a) full independeméyTransmission System Operators from
production and supply companies; b) accelerationational authorization procedures for
transmission facilities construction; c) effectivearket design and stable regulatory
framework; d) introduction of market oriented sign&or transmission investments; e)
attraction of private investments into transmissa@velopment; f) coordination and full
cooperation between the SEE TSOs in planning issaes$ g) establishment of a stable
financing mechanism that will support regionallypiontant projects;

= Because of a large number of the TSOs over relgtsmall territory in the SEE, which
would be hard to coordinate and direct their aibento the SEE regional prospective
projects, and because their main concern remaitisnamational territories, establishment
of an official SEE regional transmission plannirrgup is suggested hereby, which should
be supported by the Energy Community, the SEE T8@sSEE regulatory authorities and
the European Commission. This group should deah whe SEE transmission system
planning issues, collection of planning data, d&himent of planning scenarios,
preparation of common network models for necesaaglyses (load flow, dynamic, short-
circuit, probabilistic models), performance of aisa&ls, comparison of candidate projects
according to pre-defined criteria, prioritizatiohtbe investments and publication of reports
concerning the SEE transmission system futuredowtiks, prediction of congestions from
planning perspective and suggestions for furtheeld@ment.
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1. INTRODUCTION

1.1. Background

Transmission network planning has been strongliuémiced by the electricity market opening.

Role of transmission system in a vertically intégdapower supply company was to support
economical dispatching of existing and future powkmts by satisfying a predefined level of

reliability in order to meet consumer’s present afudure needs. Transmission network
development was optimized to meet specific critesigh minimum expenses. Transmission

planners were supplied with wide range of necess#ata concerning future production,

consumption and possible exchanges with neighbadogtries. Uncertainties were mainly related
to electricity consumption and load growth predioti Transmission networks were somewhere
slightly or significantly over-designed in order $atisfy high level of consumption growth. It is

also important to mention that transmission systerase designed to serve national needs, with
mostly limited capacity of interconnection linesrteighboring power systems to support limited
exchanges of electricity and mutual assistance.

Several facts strongly influence transmission pilagrprocess under new conditions. These facts
are:

» significant uncertainties which appear in a deratgd environment comparing to those which
appear in a non-deregulated (monopolistic) enviremm

» lack of input data needed for planning process,

= different transmission development objective fumts, depending on the view of market
players and participants (producers, traders, gngplconsumers, regulators, operators),

= certain disproportion between technical, econome&aironmental and social requests.

Although transmission planners were also facedifterdnt uncertainties in the past, existing and
new uncertainties make transmission planning maffecwt. Locations and capacities of new
power plants, their biding behavior, existencehef present ones in the future, consumer’s reaction
to instantaneous electricity price (price elasticitunknown directions of electricity and power
trading, capacity allocation mechanisms, regulaspects etc., are hard to be predicted even for
the purpose of short-term planning. Standard dengéstic approaches used before are obviously
not appropriate in new circumstances. Network dgwaent based on deterministic power flow
analyses of several typical system conditions ¢eébacsufficient any more. Incorporation of multi-
scenario analyses that have been used to include sacertainties is probably only a temporary
step in transmission network planning. Possibl@ades concerning power plants grid connection
and dispatch, consumption growth and market tramsec have to be carefully defined and
coordinated between different parties such as ine&ssson grid owners, system operators, market
operators and regulatory authorities. Need to ohelunany different uncertainties in network
planning will probably lead to increased usage mbpbilistic approach in transmission network
planning supported by risk estimation techniques.

The existence of different market players (prodsicaders, suppliers) and other market subjects
(system operators, regulators), separated ownesstdpcontrol responsibilities over transmission
assets somewhere (TSO vs. ISO model), and sepaoateshbundled companies (production,
transmission, distribution, supply) will probablgald to a lack of data needed for transmission
network planning. Confidentiality of some data antack of willingness to share them between
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different parties additionally stress the problédme approach is to define necessary data needed
for transmission planning that have to be exchangettveen market players and transmission
planners. Otherwise, transmission planners willdoed with additional uncertainties because they
will have to predict some data and their assumptan be wrong, depending on their knowledge
of different aspects of electricity market issues ¢gheir ability to predict future market activiie
that is highly uncertain. This is likely to leadwards under-constructed or over-constructed
transmission networks.

Each market player has a different view on transimmsadequacy and reliability today. Producer
wants to give energy to a network without any latigns and it is not interested in what happens
behind his unit transformers or power plant busb@rader wants to buy wherever it finds energy
and to sell it to someone without any restrictiansgl with minimum transmission and cross-border
fees. Supplier wants to buy energy as cheap asbpmsw/hile system operator has to support
market activities and to keep appropriate levehetivork adequacy and security at the same time.
Regulatory authority has to define that securitseleand to prepare an infrastructure for market in
order to reduce or eliminate market power. Netwarkgestions, today one of the main reasons for
economic justification of network investments, napvide advantage for generators located in
congested area giving them certain market powerthéfaatically expressed, all of them have
different target functions related to transmissiogtwork adequacy and security. Instead of
optimizing the sum, today there is a sum of optiraurAchieving an optimal solution for
everybody is impossible, so regulatory authoritytdigation is to define a unique target function
which has to be met during transmission networkmlag. In other words, regulatory authorities
have to define the task of a transmission netwarkta define technical and economic criteria that
have to be met by system operators and transmisgitwork owners (usually merged in the same
company), allowing them to include technically aedonomically justified investments in
transmission fee.

Transmission networks have to fulfill different texpts based on technical, economic,
environmental and social perceiving. Technical esgsi are usually hard to meet while satisfying
economic ones at the same time. Possible techamcbéconomic solutions are usually restricted by
environmental aspects. Social aspects have to b§omesumers have to be supplied) balancing
economic considerations in transmission networkratpm and development. It is clear that
optimal solution should represent a combinatiorsafio-economic, technical and environmental
requests.

1.2. Transmission network planning criteria

Potential network investments should be overvieaaeiparing them to predefined technical and
economic criteria. Technical criteria are mostlyirted either on deterministic or on probabilistic
basis.

The most common deterministic criterion is the Jrefterion, which prescribes technical requests
that have to be met after one network branch oeggor goes out of service. This criterion is
based on the most restrictive system scenario, attemof its probability of occurrence. This can
lead to relatively high security margin during fflanning process. Requests are usually related to
branch loadings and voltage profile in a networkin§idered criterion could be strengthened
observing loss of one generator and one branchl(n-gss of two circuits (n-2) and simultaneous
loss of one circuit while maintaining another omel¢1). Acceptable range of branch loadings
could be defined as permanent maximum and shaort-fep to % h) permitted overloading during
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which system operator could take appropriate astitin decrease critical branch loading (re-
dispatching, network sectioning, load reduction).e@ualitative step forward should be more
precise (from planning purposes) definition of nmaxim permitted branch loadings dependent on
air temperature (maximum winter loading and maximsummer loading) and line corridors

(urban, rural areas).

Deterministic criteria do not include probabilitied the failures in a network. More precise
overview of network reliability could be achievey bsing probabilistic planning methods which
observe the probability of network failures. The stnmften used probabilistic criterion in
transmission network planning is the loss of loadbpbility (LOLP). Regulatory authority may
define the level of acceptable LOLP which transioissietwork has to meet. Different levels of
acceptable number of outages and load reductioatidar dependent on different load amounts
could also be defined. In order to evaluate cardidatwork investments, probabilistic simulation
of observed power system should be done takingaotount annual load duration curves. Similar
approaches are expected to become more often unsedderegulated environment especially
because different uncertainties can be modeledoibgbilistic simulations.

The most commonly used economic criterion in traesion network planning is the positive Net

Present Value (NPV). This criterion was used intigally integrated companies as well, but

different definition of investment benefits hadb® made after electricity market openin, especially
concerning congestion costs. Recognition of costs lzenefits and their estimation are crucial
while observing economic criterion. Some other ecoic criteria such as payback period or
internal rate of return could also be used.

Crucial question while balancing technical and eecoic criteria is what if some investment
satisfies technical but not economic criteria. Eglancould be found in a case where the technical
(n-1) criterion is not satisfied only for severabuns per year during peak load situations.
Probability that critical line will go out of see during those several hours per year is pretgllsm
because lines availability are usually very higd%®or more). Consequence of this low probability
is a violation of economic criterion because expedine benefit is smaller then total costs. Some
system operators are going to accept this violatibthe (n-1) criterion because their regulated
income can not cover needed investments, whileroslystem operators will invest in grid
reinforcement in order to satisfy the (n-1) criberi although this investment can not be
economically justified. In these examples the ecainocriterion may or may not overmaster the
technical one. Another example can be found comegfous-bar failures. Such failures are usually
not observed by system operator while planningstrassion network, so they are not included in
the technical criteria. What if some bus-bar falwith a very low probability causes extremely
large costs? System operator will probably invest new transmission line that connects load with
other bus-bar to avoid large possible expensesatf fault. The economic criterion is now satisfied
and the technical one is not. Generally, it sedmas ¢conomic criteria are becoming dominant in
open electricity market environment.

1.3. Regional planning

The SEE TSOs are responsible for network planninginvtheir countries. They develop and

prescribe different planning criteria which theypipwhile planning a network. There is no

example where one TSO or some other entity plametework over wide area that includes

responsibilities of several TSOs. Planning critegplied by different TSOs may be the same or
very similar, but responsibility of each TSO rensagm its own territory.
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In the SEE region the high voltage transmissionvaosk is operated and controlled (in some cases
even owned) by the SEE TSOs. Area of interestHis $tudy spreads over territories of Albania,
Bosnia and Herzegovina, Bulgaria, Croatia, MacealoMontenegro, Romania, Serbia, UNMIK,
Slovenia and Turkey. Each of them has its own systperator who is responsible for network
reliability and security, as well as operationatl @enning aspects.

1A ROMANIA

SERBIA
N

B A
HERTEEGVINA UNMIK

Figure 1 Geographic position of the Contracting Pdties to the Energy Community Treaty [1]

Planning of interconnection lines has been mutualiprdinated by two neighboring TSOs.
Interconnection lines are planned primarily to @ase transmission capacities between two
countries, without taking into account regional deeeThe challenge is to define planning criteria
which will be applied not only to interconnectiands but also to internal lines inside an aredef t
SEE TSOs responsibility, taking into account tlegional importance.

1.4. The & Athens Forum conclusions

The 8" Athens Forum concluded that transmission investrogteria have to be defined from a
regional perspective, and transmission projects liavbe prioritized according to those criteria.
The aim of that conclusion is to support marketvéaas inside the Energy Community and to
remove barriers caused by transmission networkfriee market trading. The work conducted
within this Study is directly related to this comsion, and attempts to define criteria from a
regional perspective, but respecting national retguand interests.

1.5. Scope of Work

According to the conclusions of th& @thens Forum, the transmission investment critfiahe

SEE region have to be defined in the Study, takiMg account regional needs. Transmission
projects have to be prioritized lately accordingthiose criteria. The Study should analyze the
problem of transmission investments in an open etagkvironment defining the most relevant
uncertainties in the SEE region, review past expee in transmission network planning, analyze
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transmission planning criteria which have been usedifferent SEE TSOs, review national grid
codes and a draft version of regional grid codggest transmission investment criteria from a
regional aspect and methodology for project piizatton.

Terms of Reference are presented in Appendix Is $hudy refers to transmission system planning
issues (mostly long-term), while operational issalesnot its subject.
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2. TRANSMISSION NETWORK PLANNING IN AN OPEN ELECTRI CITY
MARKET

2.1. Transmission planning in the vertically integated companies
Transmission network planning methods may be dividéo several categories according to [2]:

1. Planning uncertainties (deterministic and non-aeieistic methods),
2. Planning time horizon (static and dynamic approaahdl
3. Planning environment (vertically integrated envirent or market environment).

Transmission network planning inside the verticaltyegrated power companies was mostly
performed in order to determine network configunatin the future that would support power

plants economic dispatch and satisfy predefinetinieal requests with minimum construction,

operation and maintenance costs. Planning of newergéon capacities and transmission network
was usually preformed together on the basis of gradith predictions. Planning was performed in
the same company and input data for transmissiannptg were not the significant source of
uncertainty. Uncertainties of power plants congtomcand load growth predictions were taken into
account usually through sensitivity analysis andtirsgenario analysis. Transmission network
planning was performed by simulating power systg@eration or using mathematical optimization
methods such as linear programming, dynamic progriagy non-linear programming or mixed

integer programming [3].

Static and dynamic simulations of power system ajpan in the future, with defined generation
investment plan and load growth prediction, wereafquemed for typical system operating
conditions, and transmission network adequacy aecurgy were estimated according to
predefined criteria. This was the most usual waytrahsmission network planning inside the
vertically integrated power companies worldwide.

Optimization methods were used mostly in large siredere costs of transmission facilities
construction are very high (like South America)eTdim of these methods was to find minimum of
target function (usually defined as cost functianbh set of restrictions comprising power flows
equations. Optimization problem was non-linear Wwhian not be solved by using classical
optimization techniques so attention was mainlgcted to problem solving methods.

The example is used to present transmission netwtakning inside the vertically integrated
companies, and the latter to point out why wellsknaechniques are not appropriate in an open
market environment. The example is presented ireAgix 2.

Applying this example to the South East Europe (SEtgion in the past, when vertically
integrated companies existed, a solution that ca®apmew line 1-2 construction would be surely
chosen and company would invest money for that. ksg of load was not allowed, even in the
situations of peak load, with one line out of opiera with very low probability. Economic
considerations were not the main rationale in decisnaking process. To summarize, transmission
network planning within the SEE power supply comparin the past was characterized by the
following:

» (n-1) criterion was applied and was dominant implag,
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only peak load situations were analyzed (minimumdlsituations were also analyzed
somewhere to observe voltage profile),

probabilistic methods were generally not used, sabability of network failures and
overloadings were not observed,

economic criteria were not dominant in decision imglprocess,

uncertainties in input data (production plan, gatws dispatch, load growth, etc.) and
related risk of wrong investments were not treatisfactory.

2.2. Transmission planning in a market environment

As one may notice from the example presented inefidix 2, there are significant uncertainties in
an open market environment, which have to be takem account during transmission system
planning. The most significant uncertainties are:

power plants construction,

power plants decommission,

generators engagement (bidding behavior),
load growth predictions,

demand elasticity,

market prices,

market transactions,

bilateral contracts,

regulatory aspects,

market organization, etc.

There are some important issues which have to Ibeidered concerning transmission system
planning in an open market environment:

network planning has to include the most importartertainties in the future,

traditional mathematical optimization methods aetedninistic models are not appropriate
for market conditions without significant improvents,

each network investment decision include some sekiisk analysis techniques should be
applied in network planning,

investment decisions depend on applied planningraithat should be defined according
to a strategic view on transmission role in a miafkeonomically optimal or satisfactorily
secure network, allowance of full competition nott@aof development costs etc.),

having in mind the necessity for inclusion of uriagtties in planning process, risk analysis
and economic calculations, the probabilistic plagnnethods have advantages comparing
to deterministic ones,

network development in an open market conditiormukhbe initiated by market oriented
signals such as location marginal pricing or cotige<osts.
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Observing all previously noted, it may be concllitleat the SEE TSOs still plan their networks as
before, without taking into consideration futurerk® conditions. The technical (n-1) criterion is

still the main rationale for network strengthenirgzonomic criteria have not been applied,
deterministic methods have been dominantly usechostl neither of them use probabilistic

methods (except Romania), uncertainties have nen lbecluded into planning process, there are
not enough, or not at all, market signals which eayl to network investments.
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3. EXISTING PLANNING CRITERIA

This summary of transmission network planning dateapplied by different TSOs in the SEE
region is based on the Questionnaire that waslfbe SECI members (representatives of the SEE
TSOs responsible for network planning issues) duidecember 2006. The structure of the
Questionnaire and answers are shown in detail meAdix 3.

3.1. Albania

Albanian TSO (until recently organized inside wveatly integrated company KESH, but prepared
to be unbundled even in ownership terms) is resplengor transmission planning, and it has to
prepare short, mid and long term plans of trandomnsdevelopment. Network development plans
have to be approved by regulatory authority. Trassion investments in Albania are financed
through transmission fee and loans. Grid code dsfplanning criteria.

The main criterion for network planning is the (netiterion, related to the loss of single line,
transformer or generator. With one branch or geaer@ut of operation, thermal overloadings of
branches, voltage declination below permitted ratags of stability, loss of load and interruption
of power transits must not appear.

TSO uses different line loading limits for wintexdasummer period, but does not allow short-term
overloading above permitted limits. Voltage limits 400 kV, 220 kV and 110 kV network are
shown in Appendix 3. TSO does not valuate the ot of (n-1) events, and does not use any
other technical criterion in network planning. Floe planning purposes load flow, security analysis
and short-circuit calculations are conducted.

TSO valuates possible investments according toauoancriterion. Profitability indices, such as
the ratio between benefits and costs, of some imat is used. The following types of benefit are
estimated:

» reduction of loss of load costs,

= reduction of losses costs,

» reduction of re-dispatching costs,

» reduction of congestion costs.

Undelivered electricity costs in Albania have bestimated to 0.5 €/kWh.

Different criteria for interconnection lines aret applied.

The most important uncertainties in the future, clihare taken into account during transmission
network planning through multi-scenario analysis; a

= new power plants size and location,

» generators engagement,

» hydrological conditions,

» branches availability,
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= market transactions,

= country power balance.

Risk estimation is conducted by using sensitivitglgsis.

3.2. Bosnia and Herzegovina

In Bosnia and Herzegovina, the Elektroprenos-Edgktienos BiH (transmission company — the
grid owner) is responsible for transmission netwplknning, the NOS BiH (Independent System
Operator) for revision and the State ElectricitygRatory Agency (DERK - SERC) for approval of
these plans. They have to prepare short (one yaad) long term (10 years) transmission
development plans. Transmission investments in Boand Herzegovina are financed through
transmission fee and loans. Grid code defines ptgreriteria.

The main criterion for network planning is the (n<kiterion, related to the loss of single line,
transformer or generator. With one branch or geoexaut of operation, the thermal overloadings
of branches, voltage declination below permitteays loss of stability, loss of load, interruption
of power transits and disturbance spreading ovelepgystem must not appear.

Transmission company and system operator do nodliffeeent line loading limits for winter and
summer period, and do not allow short-term oveiltgdbove permitted limits. Voltage limits in
400 kV, 220 kV and 110 kV network are shown in Apghie 3. Transmission company and system
operator do not valuate the probability of (n-1¢ms, and do not use any other technical criterion
in network planning. For the planning purposes,ltasl flow, security analysis, short-circuit and
stability calculations are conducted.

Transmission company and system operator valuasilge investments according to economic
criterion but this criterion has not been cleamied. Only reduction of losses costs is incluohed
economic function.

Undelivered electricity costs in Bosnia and Herzega have not been defined.

Different criteria for interconnection lines aret applied.

The most important uncertainties in the future, cihare taken into account during transmission
network planning through multi-scenario analysis; a

= new power plants size and location,

» generators engagement,

= hydrological conditions,

» existing power plants decommissioning,

» country power balance.

Transmission company and system operator do nalumbmisk estimations.
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3.3. Bulgaria

Bulgarian TSO (NEK EAD - organized as independéatesowned company but includes hydro
production and supply) is responsible for transiorsplanning, and it has to prepare short and mid
term plans of transmission development. Networkettgyment plans have to be approved by the
regulatory authority. Transmission investments wigAria are financed through transmission fee
and loans. Grid code defines planning criteria.

The main criterion for network planning is the (netiterion, related to the loss of single line or
transformer. With one branch out of operation, thermal overloadings of branches, voltage
declination below permitted range, loss of stahilibss of load and interruption of power transits
must not appear.

TSO does not use different line loading limits f@nter and summer period, and does not allow
short-term overloading above permitted limits. gk limits in 400 kV, 220 kV and 110 kV
network are shown in Appendix 3. TSO does not \aldilae probability of (n-1) events, and does
not use any other technical criterion in networknpling. For the planning purposes, the load flow,
optimal load flow, security analysis, short-circaitd dynamic calculations are conducted.

TSO does not valuate possible investments accotdirgonomic criterion.
Undelivered electricity costs in Bulgaria have bestimated to 2 €/kWh.
Different criteria for interconnection lines aret applied.

The most important uncertainties in the future, clihare taken into account during transmission
network planning through multi-scenario analysis; a

= new power plants size and location,
* generators engagement,

= hydrological conditions,

» branches availability,

» market transactions,

= country power balance.

TSO does not conduct risk estimations.

3.4. Croatia

Croatian TSO (HEP OPS - organized inside verticaliggrated company HEP Group, with leased
transmission assets from the holding) is respoaddrl transmission planning, and it has to prepare
short term transmission development plans (3 yed&isjwork development plans have to be

approved by the regulatory authority. Transmisgiorestments in Croatia are financed through

transmission fee and loans. Grid code defines ptgreriteria.
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The main criterion for network planning is the (netiterion, related to the loss of single line,
transformer and generator. With one branch or geoeout of operation, the thermal overloadings
of branches, voltage declination out of permittaige, loss of stability, loss of load, interruptiain
power transits and disturbance spreading over pey&stem must not appear.

TSO does not use different line loading limits fanter and summer period, and does not allow
short-term overloading above permitted limits. @gk limits in 400 kV, 220 kV and 110 kV
network are shown in Appendix 3. TSO does not \aldilae probability of (n-1) events, and does
not use any other technical criterion in networknpling. For the planning purposes load flow and
security analysis are conducted.

TSO valuates possible investments according to aoan criterion, although specific economic
criterion has not been defined by the grid codaryr other document. Some planning studies for
Croatian TSO were prepared by using a profitabitigex as a ratio between benefits and costs of
network investments. Economic function in thoseli&si included loss of load costs, re-dispatching
costs and costs of losses.

Undelivered electricity costs in Croatia have bestimated to 2.56 €/kWh.
Different criteria for interconnection lines aret applied.

The most important uncertainties in the future, clihare taken into account during transmission
network planning through multi-scenario and prolstic analysis, are:

* new power plants size and location,

» generators engagement,

» hydrological conditions,

* branches availability,

» market transactions,

» country power balance.

Uncertainties are taken into account through diffiéiplanning scenarios. Uncertainties in branches
availability are taken into account by using pralstic method while applying economic planning
criterion.

TSO does not conduct risk estimations.

3.5. Macedonia

In Macedonia TSO (MEPSO - fully independent frone throduction and supply companies
including ownership unbundling) is responsible fransmission network planning. Regulatory
authority has to approve investment plans. TSOtbiggepare short, mid and long term plans of
transmission development. According to the Energw l TSO prepares 5 year development
program (transmission investment plans) and gikemtfor the approval to the Energy Regulatory
Commission. According to the grid code, TSO prepdhe System Reliability Study for next 10
years and gives it for approval to the Energy Ratguy Commission.
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Transmission investments in Macedonia are finaticexigh transmission fee and loans. Grid code
defines planning criteria.

The main criterion for network planning is the (n<titerion, related to the loss of single line,
transformer or generator. With one branch or geaexaut of operation, the thermal overloadings
of branches, voltage declination out of permitteshge, loss of stability, loss of load and
interruption of power transits must not happen. d@de switching of elements is also not
acceptable.

TSO does not use different line loading limits Wanter and summer period but it allows short-
term overloading above permitted limits accordiongthie protection settings. 400 kV OHL has
over-current protection relays with 2 step settings

1% STEP: I>1760 A, 1218 MVA, t=1200 sec. trip
2" STEP: I>2080 A, 1440 MVA, t=20 sec. trip

Voltage limits in 400 kV, 220 kV and 110 kV netwoake shown in Appendix 3. TSO does not
valuate the probability of (n-1) events, and does use any other technical criterion in network
planning. For the planning purposes, the load fleegurity analysis, short-circuit and stability
calculations are conducted.

TSO valuates possible investments according to aoan criterion. When solving specific
problems during planning phase, from set of tedilyiacceptable options, solution is selected by
applying economic criterion (the NPV method). Inagibility studies for investigating new
interconnection projects, comprehensive cost-beneflyses are performed. Reduction of cost of
losses and benefit from telecommunication linesemtémated. While investigating solutions for
local (internal) problems, simple NPV method is laggh taking into account reduction in active
power losses and difference in operational and f@a&mce costs.

Undelivered electricity costs in Macedonia haverbestimated to less than 1 €/kWh.

Different criteria for interconnection lines arepéipd. In recent feasibility investigations of new
interconnections, the SDDP software was used, gha&ts overall change in system operational
costs derived by different interconnection optiansl different working regimes of power systems
(isolated or coordinated operation and development)

The most important uncertainties in the future, alihare taken into account during transmission
network planning through multi-scenario analysis; a

= new power plants size and location,
» generators engagement,

= hydrological conditions,

= country power balance.

TSO does not perform risk estimations.
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3.6. Montenegro

TSO from Montenegro (organized inside verticallytegrated company EPCG; functional

unbundling formally accomplished — legal unbundlimg preparation; recently obtained three
operational licences — transmission, system operasind market operation) is responsible for
transmission planning, and it has to prepare siaitmid term plans of transmission development
which have to be approved by the regulatory autyofiransmission investments in Montenegro
are financed through loans. In future transmissiomestments will be financed through

transmission fee which yet needs to be approvetheyregulatory authority. Grid code defines
planning criteria.

The main criterion for network planning is the (netiterion, related to the loss of single line,
transformer and generator. With one branch or geoeout of operation, the thermal overloadings
of branches, loss of stability, loss of load artériruption of power transits must not appear.

TSO uses different line loading limits for wintenca summer period, and allows short-term
overloading above permitted limits. During intertegb operational conditions overloading of
elements above thermal ratings is allowed for 20uteis according to their specificatioMoltage
limits in 400 kV, 220 kV and 110 kV network are shoin Appendix 3. TSO does not valuate the
probability of (n-1) events. TSO also uses (n-2dedon in network planning. For the planning
purposes, the load flow, security analysis andtstioruit calculations are conducted.

TSO does not valuate possible investments accotdiegonomic criterion.
Undelivered electricity costs in Montenegro haverbestimated to less than 1 €/kWh.

Different criteria for interconnection lines aretrapplied. Interconnection lines are planned on
regional level.

The most important uncertainty in the future tisattaken into account during transmission network
planning through multi-scenario analysis is theantainty in hydrological conditions.

TSO does not conduct risk estimations but in ther&ithe regulatory authority will assess a risk of
incorrect transmission investments.

3.7. Romania

Romanian TSO (Transelectrica — fully independentnfrthe production and supply companies,
including ownership unbundling) is responsibletf@nsmission planning and it has to prepare long
term plans of transmission development. TSO hgwdpare a transmission development plan for
10 years. These plans are updated every 2 yeatwoNedevelopment plans have to be approved
by the regulatory authority. Transmission investteein Romania are financed through
transmission fee and loans. Grid code defines pigneriteria. Additional to the grid code there is
a standard with several procedural and technidalildePE026/1995 - Standard for the Romanian
power system design.

The main criterion for network planning is the (n<kiterion, related to the loss of single line,
transformer or generator. With one branch or geaexaut of operation, the thermal overloadings
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of branches, voltage declination out of permittethge, loss of stability, loss of load and

interruption of power transits must not appearpping of the other installations through the

protective devices of the equipment which are iretctly affected by the disturbance also has to be
avoided.

TSO does not use different line loading limits fanter and summer period, and does not allow
short-term overloading above permitted limits. Bi#int thermal ratings are used only for
operational purposes. Voltage limits in 400 kV, 22@ and 110 kV network are shown in
Appendix 3. TSO does not valuate the probability(refl) events, but in the long term plans the
reliability indicators are assumed for each sublmtafTSO uses other technical criteria in network
planning:

= (n-2) criterion (used to design transmission cagdor the nuclear power plant),

= static and dynamic stability,
» technical criteria to design the reactive power gensation installations.

For the planning purposes, the load flow, secuitglysis, probabilistic analysis, short-circuit and
dynamic calculations are conducted.

TSO valuates possible investments according togaancriterion. The efficiency of the short and
medium term investments in transmission networktbdse justified in the planning stage by using
at least the payback time criteria. The transmissietwork long-run planning studies (10 years)
have to offer hierarchical development solutionsdoaon economic criteria. Economic function
includes:

= reduction of loss of load costs,

» reduction of losses costs,

reduction of re-dispatching costs,

reduction of congestion costs,

benefit from telecommunication lines, and any otbemefits.

Undelivered electricity costs in Romania have bestimated to 0.8 €/kWh.
Different criteria for interconnection lines aret applied.

The most important uncertainties in the future, alihare taken into account during transmission
network planning through multi-scenario analysis; a

* new power plants size and location,

» generators engagement,

= hydrological conditions,

= existing power plants decommissioning,

» |oad prediction,

= branches availability,
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= regulatory and market issues,
* market transactions,

» country power balance.

TSO does not conduct risk estimations.

3.8. Serbia

Serbian TSO (EMS - fully independent from the prthn and supply companies, including
ownership unbundling) is responsible for transmisglanning and it has to prepare one year and
five years plans and provide it to the regulatarsharity for approval. Transmission investments in
Serbia are financed through transmission fee aalslolt is expected that the grid code will define
planning criteria once the regulatory authority rapes it (expected by July 2007).

The main criterion for network planning is the (netiterion, related to the loss of single line,
transformer or generator. With one branch or gdoe@ut of operation, the thermal overloadings
of branches, voltage declination below permittenges loss of stability, loss of load, interruption
of power transits and disturbance spreading ovelepgystem must not appear.

TSO uses different line loading limits for wintendasummer period because there are different
tunings of over-current protection during winterdasummer period. TSO does not allow short-
term overloading above permitted limits. Voltagaits in 400 kV, 220 kV and 110 kV network are
shown in Appendix 3. TSO does not valuate the griiha of (n-1) events. For the planning
purposes, the load flow, security analysis andtstiozuit calculations are conducted.

TSO valuates possible investments according toaoancriterion. Profitability index such as the
ratio between benefits and costs of some invessnisntsed. Economic function includes:

» reduction of loss of load costs,

= reduction of losses costs,

» reduction of congestion costs,

* benefit from telecommunication lines.

Reduction of congestion costs has been used wheniphp interconnection lines.

Undelivered electricity costs in Serbia have bestimated between 1 €/kWh and 3 €/kWh (exact
value has not been defined).

TSO uses different criteria for interconnectioreBrbased on the difference in energy prices.

The most important uncertainties in the future, alihare taken into account during transmission
network planning through multi-scenario analysid probabilistic calculations, are:

= new power plants size and location,

* generators engagement,
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= hydrological conditions,
= market transactions,
» country power balance.

TSO does not conduct risk estimations.

3.9. UNMIK

UNMIK TSO (KOSTT - fully independent from the proction and supply companies, including
ownership unbundling) is responsible for transmisgplanning, and it has to prepare short, mid
and long term plans of transmission developmentwhbi development plans have to be approved
by the regulatory authority. Transmission investtaein UNMIK are financed through
transmission fee and loans. Grid code will defitenping criteria (approved by the regulatory
authority and awaits full implementation by the T)SO

The main criterion for network planning is the (netiterion, related to the loss of single line,
transformer or generator. With one branch or geéoeiut of operation, the thermal overloadings
of branches, voltage declination out of permitteshge, loss of stability, loss of load and
interruption of power transits must not appear.

TSO uses different line loading limits for wintexdasummer period, but does not allow short-term
overloading above permitted limits. Voltage limits 400 kV, 220 kV and 110 kV network are
shown in Appendix 3. TSO does not valuate the fribiha of (n-1) events, and does not use any
other technical criterion in network planning. Rbe planning purposes, the load flow, security
analysis, optimum load flow and short-circuit cddtions are conducted.

TSO valuates possible investments according toauoancriterion. Profitability index such as the
ratio between benefits and costs of some invessnanused. Following types of benefit are
estimated:

» reduction of loss of load costs,

» reduction of losses costs,

= reduction of re-dispatching costs,

» reduction of congestion costs.

Undelivered electricity costs in UNMIK have beetiraated to 0.4 €/kWh.
Different criteria for interconnection lines aret applied.

The most important uncertainties in the future, alihare taken into account during transmission
network planning through multi-scenario analysis; a

= new power plants size and location,
» generators engagement,
= hydrological conditions,

33



e &
Transmission Network Investment Criteria

= existing power plants decommissioning,
» branches availability,

» market transactions,

= country power balance.

Risk estimation is conducted by using sensitivitglgsis.

3.10. Slovenia

Slovenian TSO (ELES - separated from production sunoply companies) is responsible for
transmission planning, and it has to prepare sbatmid term plans of transmission development.
Network development plans have to be approved lgy rgulatory authority. Transmission

investments in Slovenia are financed through trassion fee and loans. Grid code defines
planning criteria.

The main criterion for network planning is the (n<kiterion, related to the loss of single line,
transformer or generator. With one branch or geaexaut of operation, the thermal overloadings
of branches, voltage declination below permittedge loss of stability, loss of load and
interruption of power transits must not appear.

TSO does not use different line loading limits fainter and summer period, but it allows short-
term overloading above permitted limits. Duringemtipted operational conditions, the overloading
of elements above thermal rating is allowed for rAhutes according to their specifications

Voltage limits in 400 kV, 220 kV and 110 kV netwoake shown in Appendix 3. TSO does not
valuate the probability of (n-1) events, and does use any other technical criterion in network
planning. For the planning purposes load flow, sgcanalysis and short-circuit calculations are
conducted.

TSO does not use any economic criterion in netvptatkning.
Undelivered electricity costs in Slovenia have bestimated between 1 €/kWh and 3 €/kWh.
Different criteria for interconnection lines aret applied.

The most important uncertainties in the future, clihare taken into account during transmission
network planning through multi-scenario and probstix analysis, are:

= new power plants size and location,

» generators engagement,

= hydrological conditions,

» |oad prediction,

» market transactions,

= country power balance.

Risk estimation has not been conducted.
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3.11. Turkey

Turkish TSO (organized inside vertically integrate@mpany TEIAS) is responsible for

transmission planning, and it has to prepare shoitl and long term plans of transmission
development. Under the law TSO is the owner ofHiMeand EHV network and also responsible
for planning construction, operation and mainteeaat transmission system. Therefore TEIAS
prepares the “Transmission System Investment Pdaa’ additionally the “Ten Years Statement
Report” for the development of the transmissiorteaysin ten years period. Network development
plans have to be approved by the regulatory authofihe “Ten Years Statement Report” is
submitted to the regulatory authority which makes final proposal. Transmission investments in
Turkey are financed through transmission fee, Ipamernal TSO financial sources and by private
investors. Grid code and “System Security and thali§y of Supply Document” define planning

criteria.

The main criterion for network planning is the (n<titerion, related to the loss of single line,
transformer or generator. With one branch or geaoexaut of operation, the thermal overloadings
of branches, voltage declination out of permitteshge, loss of stability, loss of load and
interruption of power transits must not appear.

TSO uses different line loading limits for wintexdasummer period. During winter period thermal
rating for 25 is used, for summer and minimum (spring) perioérrieal ratio for 40 is used
(details are given in the “System Security and Guality of Supply Document”). TSO does not
allow short-term overloading above permitted limifeltage limits in 400 kV, 220 kV and 110 kV
network are shown in Appendix 3. TSO does not \aldlae probability of (n-1) events, and does
not use any other technical criterion in networknpling. For the planning purposes, the load flow,
security analysis, optimum load flow, short-circanitd stability calculations are conducted.

TSO does not valuate possible investments accortiingegconomical criterion. Undelivered
electricity costs in Turkey have not been estimated

Different criteria for interconnection lines aret applied.

The most important uncertainties in the future, alihare taken into account during transmission
network planning using multi-scenario analysis; are

= new power plants size and location,

= generators engagement,

= hydrological conditions,

= existing power plants decommissioning,

» |oad prediction,

* branches availability,

» regulatory and market issues,

» market transactions,

= country power balance.

Risk estimations have not been conducted in Turkey.
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3.12. Summary of existing planning criteria used byhe SEE Transmission System Operators

Based on the questionnaire that was given to el®&h Transmission System Operators (Albania,
Bosnia and Herzegovina, Bulgaria, Croatia, MacemloMontenegro, Romania, Serbia, UNMIK,
Slovenia and Turkey) about transmission networkpilag issues, it can be concluded that:

= SEE TSOs are responsible for transmission netwlatkning, and development plans have
to be approved by national regulatory authoritiesrgwhere;

= SEE TSOs are obliged by national laws to prepamstnission development plans up to 20
years ahead. The most often time horizons for phgnare 1 year ahead and five years
ahead;

» Transmission investments are mostly financed thnoignsmission fees and loans. Only
Turkey allows private investors to construct trarssion facilities;

» Transmission planning criteria are published inametl grid codes;

= The main technical criterion for transmission sgstdevelopment is the (n-1) security
criterion, which is applied everywhere. It is mgstelated to the loss of single line,
transformer or generator, when following eventsrarepermitted:

» thermal overloadings of branches,

» voltage declination below permitted range,
* loss of stability,

* loss of load,

* interruption of power transits, and

» disturbance spreading over power system;

» The (n-2) criterion is used only in Montenegro &dmania (in Romania only for grid
connection of the nuclear power plant);

= Other technical criteria for transmission systernping are not used, except in Romania
where stability criteria and compensation facisitiestallation criteria are prescribed;

= SEE TSOs usually do not define different thermdings for winter and summer
operational circumstances, or for normal and emmrgeonditions. Different ratings are
defined somewhere (Albania, Montenegro, Serbiakd@urUNMIK) for winter and summer
operation with respect to the outside temperatamed different ratings are defined
somewhere for normal and emergency conditions wapect to the protection systems
settings (Macedonia, Montenegro, Slovenia);

= There are no TSOs in the SEE region which valudiegprobability of (n-1) events during
transmission system planning;

= SEE TSOs usually conduct load flow computationgusty analysis and short circuit
calculations during planning process. Optimal pofiexs (Bulgaria, Turkey, UNMIK) and
stability analysis (B&H, Bulgaria, Macedonia, Rori@nTurkey) are also conducted
somewhere ;

* Probabilistic analyses during transmission systéanmng process are performed only in
Romania;
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= Economic criteria in transmission network plannarg applied somewhere (Albania, B&H,
Croatia, Macedonia, Romania, Serbia, UNMIK);

= The mostly used economic criterion is the profiigbindex as the ratio between benefits
and costs of transmission investments;

» SEE TSOs who apply economical criterion usuallyneste reduction of the cost of losses,
loss of load costs, re-dispatching costs, congesticosts and benefit from
telecommunication lines (Table 2);

» Undelivered electricity costs across the SEE regi@nlower than 3 €/kWh (Table 3). The
lowest value is applied for planning purposes inNUK (0.4 €/kWh), and the highest value
is applied in Croatia (2.56 €/kWh). Some counthase not defined those costs;

= Generally, additional planning criteria are not lgggp for interconnection lines. Some
countries apply different planning criteria based the system operational costs
(Macedonia) and difference between energy priceg{8);

» Uncertainties are mostly taken into account usingtirscenario analysis (Table 4). The
most important uncertainties are:

* new power plants size and location,
* generators engagement,
» hydrological conditions,
* market transactions,
* country power balance.
» Risk assessments are not conducted by the SEE TSOs.

Benchmarking table about transmission system ptanngssues among the SEE TSOs is
presented below.
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Table 1 Transmission system planning issues amoniget SEE TSOs

Transmission system

L Albania B&H Bulgaria Croatia Macedonia | Montenegro Romania Serbia UNMIK Slovenia Turkey
planning issue
Responsibility for
transmission system 7SO TSO 7SO TSO TSO TSO TSO TSO 7SO TSO TSO
planning
Planning horizon STIMTILT ST/LT STIMT ST STIMTILT STIMT LT ST/IMT STIMTILT STIMT STIMTILT
Approval from regulatory| g YES YES YES YES YES YES YES YES YES YES
authority
Trans. fee /
Financing of transmission Trans.fee/ | Trans.fee/| Trans.fee/| Trans.fee/ | Trans.fee/ loans Trans. fee / Trans. fee / Trans.fee/ | Trans.fee/ | l0ans/internal
investments loans loans loans loans loans loans loans loans loans sources /
private
Definition of planning YES YES YES YES YES YES YES YES YES YES YES
criteria Grid Code Grid Code | Grid Code Grid Code Grid Code Grid Code Grid Code Grid Code Grid Code Grid Code Grid Code
Usage of (n_l) criterion YES YES YES YES YES YES YES YES YES YES YES
Different thermal ratings
for winter and summer YES NO NO NO NO YES NO YES YES NO YES
regime
Different thermal ratings
for normal and emergenc NO NO NO NO YES YES NO NO NO YES NO
operation
Valuation of the NO NO NO NO NO NO NO NO NO NO NO
probability of (n-1) events
Other technical criteria NO NO NO NO NO YES (n-2) YES (stability, NO NO NO NO
compensation)
Analyses during planning LF-SA/SC LF-SA/ LF-SA/ LF-SA LF-SA/SC/ LF-SA/SC LF-SA/PA/SC LF-SA/SC LF-SA/OPF/| LF-SA/SC | LF-SA/OPF/
iy SC/SS OPF/SC/ SS /SS/EA SC SC/SS
process ss
Application of YES YES YES YES (payback YES YES
economical criteria (profitability YES NO (profitability | (Net Present NO period) (profitability (profitability NO NO
index) index) Value) index) index)
Additional planning YES (change YES (difference
criteria for NO NO NO NO in system NO NO In energy NO NO NO
. . . operational prices)
interconnection lines costs)
] ] ] YES YES
Risk anaIySIS technlques (sensitivity NO NO NO NO NO NO NO (sensitivity NO NO
analyses) analyses)

" ST: short-term; MT: mid-term; LT: long term
LF-SA: load flow and security analysis; OPF: optimpower flows; PA: probabilistic analysis; SC: gkarcuit analysis; SS: stability simulations; Eéconomic analysis
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Table 2 Types of benefits from transmission investents which are estimated by the SEE
TSOs who apply economical criterion in transmissio system planning

Benefit Albania B&H Croatia | Macedonia | Romania Serbia | UNMIK
rc{)zgggtlon of the cost of N N N N N N
Loss of load costs J \ \ \
Re-dispatching costs \/ \/ \ \
Congestion costs \/ \ \ \
Telecommunication lines N N N
Other \/
Table 3 Undelivered electricity costs (loss of loadosts) in SEE
Country <1 €/kWh 1 €/kWh <LoLC<3 €/kWh >3 €/kWh
Albania v (0,5 €/kwh)
Bosnia aqd
Herzegovina
Bulgaria V(2 €/kwWh)
Croatia \ (2,56 €/kWh)
Macedonia \/
Montenegro \ (0 €/kWh)
Romania \ (0,8 €/kWh)
Serbia V
Slovenia V
Turkey
UNMIK \ (0,4 €/kWh)
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Table 4 The most important uncertainties in transmsgsion system planning

Country New Generators | Hydrological Existing power Load Branches | Regulatory and Market Country
power engagement|  conditions plants prediction availability market issues | transactions power
plants size decommission balance
& location
Albania V \ \ \ \ V
Bosnia and
Herzegovina, v v v v v
Bulgaria \ \ \ \ \ V
Croatia \ \ \ \ \ V
Macedonia \/ \ \ \/
Montenegro \
Romania \/ \ \ \/ \/ \ \ \ \/
Serbia \/ \ \ \ J
Slovenia \/ \ \ \/ \/ J
Turkey \/ \ \ \/ \ \ \ \ \/
UNMIK ol v v ol V v ol
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4. GRID CODES REVIEW

This section describes planning standards and pigreriteria which are defined in the national
grid codes across the SEE region. They are mosgtiyable on internet [4-13]. Review of the same
topic is provided for the draft version of the Rewl Grid Code, prepared by EdF [14].
Transmission system planning issues are differantigted in national grid codes, described with
different details concerning the topic, so theisation may vary from more to less detailed in
the Chapter that follows.

4.1. National grid codes
4.1.1. Albania

Planning standards, procedures and criteria arésped in the Albanian “Transmission System
Code — Part II: Planning Code” [4].

The planning code specifies the criteria and proees to be applied by the OST sh.a.
(transmission system operator which unbundlinges tp be completed in ownership terms) in
order to plan and develop the Transmission Sysidm.objectives of the planning code are to:

» establish procedures of information exchange betv@8T sh.a. and customers respecting
any customer proposal on the development of thgtess/objects that may affect the
transmission system behavior;

= detail the information that OST sh.a. shall makailable to customers in order to facilitate
the identification and evaluation of possibilitiEes use or connection to the transmission
system;

» detail the information that OST sh.a. requires freostomers in order to plan the
development of the transmission system and asssbimers proposed developments;

= gpecify planning and design standards and procedbat shall be applied by OST sh.a. for
transmission system planning and development.

OST sh.a. has to prepare the prospective plan dbe¢rs forecasts on demand, peak load,
additional electric capacity, transmitting capacitysses and other important parameters of the
power system for the time horizon of 15 years. phespective plan is the basis for transmission
system planning and development.

Transmission system perspective plan has to bedlmsstudies on power flows, studies on short-
circuits, studies on static and dynamic stabilitgd atudies on non-supplied power. Data needed for
transmission system planning are specified in theichent.

In the section related to the transmission systémmning criteria, the following objective is

defined: “the transmission system shall be plartoedperate reliably and safe, and efficiently for
all consumers in order to guarantee uninterruptedtrécity supply with acceptable levels of
voltage and frequency according to criteria desctiby the Code”.

For the transmission system planning the (n-1pcah is applied. It is applied for regimes with
programmed maximal loads. For 400 kV and 220 k¥¥dithe (n-1) criterion is used to define the
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conductor section of transmission system linestlier current passing in each line of the system
referring to a basic operating regime that assuthesun-planning of breakdowns of main
generating plants. For 110 kV lines the (n-1) cidte is applied for closing of all 110 kV rings and
switching on all 110 kV lines that work in paralleith 400 kV and 220 kV lines.

The technical criteria to verify the static and dgymc stability of the transmission system
performance takes into consideration maximal legdmes, 5 year verification period and a list of
simulations prepared based on experience.

Establishing of installation for reactive power geation/absorption is performed by analyzing the
voltage levels in all nodes and in all operatiogimees with (n) and (n-1) configuration. Voltage
limits are set to:

» 400 kV network (360 — 420 kV),

» 220 kV network (198 — 242 kV),

= 110 kV network (99 — 123 kV).

Following criteria of transmission designing ardirmied:

» Transmission system lines should possibly be desigs two circuit lines;
= For one circuit existing line, the possibility afaher circuit should be considered;
» The selected line track way should be as optimaloasible regarding the passing territory;

» Designing and construction of lines should be adiocgr to International Standards and
effective Legislation.

Transmission system planning is performed throumgd |flow computations, short-circuit and
stability studies that have to be performed unkerfollowing regimes:

» The system shall be planned to maintain the voltagkeliminate overload for (n) and (n-1)
criteria. The (n-1) criterion shall be applied teitshing off generating units, transformers
or transmission lines;

= The peak load shall be covered on two occasionsinmai thermal plants generation and
minimal hydro plants generation;

= The optimum of transmission system reactive comg#ns shall be established by studies
identifying and metering the current in lines aondds under transformation, in order to
define voltage levels during the peak load. Capexishould be of the regulated type to
avoid voltage over increase;

= The automatic (relay) protection shall correspomdhe following time periods of short
connection switching off: 80 ms for 400 kV, 110 fos 220 kV and 120 ms for 110 kV
elements;

» Studies are performed on the stability from tempoowerload in 400 kV, 220 kV and 110
kV lines to assure that the frequency and the waveverload should not exceed the
allowed values of isolation of the main equipmerd arotecting equipment.
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4.1.2. Bosnia and Herzegovina

Grid code was prepared by NOS BiH (Bosnian Indepeh&ystem Operator) and approved by
SERC (Bosnian State Electricity Regulatory Comnoissin July 2006 [5]. The grid code defines
the manner of planning and development of the mison system, conditions for connection
(procedures, contracts, criteria), the manner efraonal planning (consumption forecast, parties
responsible for balancing, management of grid &tiens), and operational activities (dispatching,
procedures, communications), measures in extraanggituations (consumption control, restart of
the system after black-out), the manner of bilingtering in the power system and other necessary
technical measures for qualitative and reliableajp@n of the transmission system.

The following planning criteria have been definedhe grid code:

» planned transmission network has to be designatlde contracted and planned electricity
transmission, reliable power system control and agament, and economical supply of
electricity, according to the UCTE Policy 3;

» planned configuration has to be based on econoritésia;
» transmission network has to be designed accorditiget (n-1) criterion;

= transmission network has to be planned in suchyathat static and transient stability are
not jeopardized, as well as voltage profile.

Procedures of cooperation between the TransmisSgstem Company and the Independent
System Operator are defined in the Grid Code. B is obliged to prepare generation indicative
plan for 10 years period to inform the users alibatneeds and projects of construction of new
generation capacities. Transmission system shajpléened taking into account this generation
indicative plan.

B&H Grid Code also defines in detail input data fidanning purposes that shall be submitted to
the institutions responsible for planning.

4.1.3. Bulgaria

Bulgarian Grid Code [6] prescribes transmissiortesysgeneral provisions, defines objectives and
scope of planning, planning procedure, and infolwnaprovision and interchange for planning
purposes.

Transmission service provider shall develop andenrea five-year plan of transmission system
development that shall be updated every year. Tdreghall indicate those points of the power grid
that are best suited for construction of new cotioes for future power transmission with a view
to promote competition and development of the trassion system.

The plan shall contain information about the opegaparameters of the transmission system:
transmission capacity by main directions, powewfiat maximum load on the power system, load
in the points of connection of the transmissiorntesysusers, levels of short-circuit currents in 750
kV, 400 kV, 220 kV and 110 kV buses of the subetegj transmission and transformation losses of
power and energy in the power grid under maximuad lopon the power system, suggestions for
transmission system development and/or changespofdgy, scheduled power interchanges with
external (foreign) partners and proposals for qoiesibn of new interconnection power lines.
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Transmission system shall meet in the process efatipn in a normal operating mode the (n-1)
criterion which means that:

Disconnection of any power grid component (powee litransformer unit, generation set or
compensating device) as well as any component gobthge power grid (busbars in a high-
voltage switchgear, etc.) that can be simultangoswsitched off by the action of a single
protection device or by the action of several prtive devices as a result of one single-
mode failure, should not result in:

- interruption of supply to electricity consumers,

- overload of the power grid components remaininggaration,
- deterioration of electricity supply quality,

- reduction of the stability margin,

- disruptions in the operating mode of neighboringv@osystems in parallel to which the
Bulgarian PS operates.

Disconnection of a double power line laid on a camniine of poles is considered as a
single-mode event;

The (n-2) reliability criterion shall be applied arpconnection of a nuclear power plant to
the transmission system.

The grid code also defines that reporting on thi@biity criteria shall be done on the basis of a
comparative engineering economic analysis of tHeviing factors:

1. probability of a certain type of accident;

2. consequences of such type of accident;

3.

4. cost of the protection measures against developafghe accident.

costs required to cover the permanent risk; and

4.1.4. Croatia

Croatian Grid Code [7] defines objectives and scop#&ransmission system planning, planning
criteria and stability requests.

TSO (HEP-OPS) shall perform following tasks in sanssion system planning:

Transmission system shall be planned and desigmadansmit contracted or predicted
energy flows, to allow reliable system operatiord aontrol and to assure economical
supply with voltages that are within quality range;

Transmission system shall be designed accorditigetgn-1) criterion;

Transmission system shall be planned taking intmowat existing loadings and power
plants production, requests of distribution networknd consumers requests that are
connected or will be connected to the grid in shord and long term period,;

Transmission system shall be developed using solsitthat fulfill technical criteria with
minimum costs.
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The (n-1) criteria is applied to 400 kV, 220 kV aht0 kV network, and it is related to the single
loss of one line, cable, transformer, interconmectine or generator when following events have to
be avoided:

» permanent disturbance of ratings (voltage, frequeruirrent) that jeopardize system
operation or cause equipment malfunction;

= changes or interruption of long-term contractedteigty exports;
* |oss of load; and
» tripping of remote elements that are not direatRuenced by failures.

The (n-1) criterion is not applied on both circwfsdouble circuit lines. The (n-2) criterion mag b
observed to analyze unavailability of two netwonarrhes because of planned and random
outages. The (n-1) criterion is fulfilled if unwauat consequences are avoided by re-dispatching of
generators.

4.1.5. Macedonia

Transmission network planning criteria are defime®art Il — Planning Conditions of Macedonian
Grid Code [8]. Grid Code specifies that during pliawg process the system’s adequacy is
dimensioned according to the generally accepted) (oriterion saying that the outage of any
element must not jeopardize system operation sdfetause of the limited values which are
reached or surpassed in regards to electricitytage| stability etc. When analyzing the (n-1)
criterion it is compulsory to define the list of sigprobable incidental outages along with the
respectively available corrective measures. Outdgeeveral elements, the (n-k) criterion, should
be inspected in case of large probability of eneaing the system security. Less probable outages,
such as busbar outage or circuit breaker defeciotitiave to be included in the planning. The risk
of busbar outage with undelivered power up to 200 M accepted.

It is necessary that short circuit current at aoglenof the system during normal operation does not
surpass the switching power of the installed desvatethe node.

Macedonian TSO (MEPSO) is obliged to prepare Po3ystem Reliability Study for 10 years
period that should be based on forecasted eldgtacd power demand, assessment of production
adequacy, assessment of transmission adequacysaessenent of interconnection necessity with
other power systems. This Study should imply messstiat will meet the requirements of future
electricity demand and maintain the quality in ademce to the UCTE reliability standards, while
maintaining least cost of transmission network tgvaent.

Grid code defines that transmission system devedopmplans have to be established upon various

exchanges and power injections scenarios accotditige regional electricity market, and based on
sensitivity analysis, taking into account hydrotaisituations, market price fluctuations, etc.
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4.1.6. Montenegro

Montenegrin Grid Code [9] includes the Planning €dbat prescribes planning procedure and
planning standards, as well as planning data remquants.

Transmission network planning and development ased on the system user’'s requests and
necessity for new transmission capacities, cauged b

load growth,

new power plants, direct consumers or distribusgsiems connections to the grid,
change in power flows caused by different reasons,

request for security and quality increasing, and

any combination of above mentioned reasons.

Development of transmission system includes:

new transmission element construction,

strengthening of existing transmission elementsofstruction and capacity increase),
protection systems tuning and their modernization,

network topology change,

constant monitoring and new technological solutiadsption.

Transmission Company and Transmission System Qpepaepare network development plans,
concerning short-time (1 year) and mid-time frafbg/éars). Development plans are based on the
planning standards. Mid-term plans include:

electrical parameters of all system elements,

power flows,

network elements capacities (including data abapacity utilization and free capacities),
short-circuit currents in each node,

network nodes load,

basic electrical parameters of consumption anduyarooh units,

transmission losses,

planned network reinforcements and/or network toggichanges,

system configuration etc.

Planning standards imply technical standards asyl éine divided in:

standards related to normal operation,
standards-criteria related to disturbed operation.
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Standards related to normal operation include:

= voltage deviations from rated values for +5 %,
= nominal frequency is 50 Hz and permitted deviaitof 0,1 Hz,
» consumers with power factor lower than 0,95 havedtall reactive compensation devices.

Standards and criteria related to disturbed sysigenation include the (n-1) criterion and dynamic
stability criterion. The (n-1) criterion is appliédr the loss of one network branch (overhead line,
cable, transformer, interconnection line) or anyegator, and has to be satisfied for the most
unfavorable system conditions. That outage musleaat to the following consequences:

» voltage and frequency deviations outside permitetjes and current over-loadings that
may be dangerous for secure system operation bntag cause equipment damage or life
time reduction,

» |oss of stability of any power plant or system engral,
» loss of load,
» disruption spreading over the system as a consegusrprotection systems operation.

System stability has to be kept in all operaticaaiditions.

4.1.7. Romania

The Technical Code in Romania defines, among diby@cs, criteria for transmission planning.
Chapter 5 of the Code (ETN Development Plannindinds attributions and competencies, the
goals of planning activity, elaboration of the samssion network development planning, the (n-1)
criterion in the planning, technical stability enia, technical criteria in dimensioning the
compensation installations for the reactive powerification and determination of the equipment
short-circuit and nominal current maximum limit aather provisions [10]. National Electricity
Company is obliged to prepare the perspective fuarach successive 10 years, with up-dating at
each 2 years that has to be approved by compeatdmirdy and the ministry in charge. That plan
has to be in compliance with the actual statusfatute evolution of electricity demand, indicating
the modalities for the financing and implementatdnthe investments.

The goal of the transmission system planning agtigito provide the following:

= development of transmission network so that it sthdwe correspondingly dimensioned for
the transmission of electricity projected to beayated, imported, exported and transited,

» provide energy system operation under safety amdirgg conditions and permit the
transmission of electricity at corresponding qydgvels of frequency and voltage,

= materialize the results of national energy systeawmetbpment planning activity through
initiation of the procedures necessary for the mton of the new investments in
transmission network, evaluation of the long termargmal costs in each node of
transmission network and supply of data for workmng the transmission tariff systems.
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The elaboration of transmission network developnmgutning is based on the current situation of
the demand, offers for the generation from exispogver plants and other existing and potential
network users, level of safety in operation for rggesystem on the whole and per each node,
LOLP probability of non-providing the load and $&gy for the development of the
telecommunication infrastructure.

The (n-1) criterion is used for transmission nekvalimensioning. Verification of the (n-1)
criterion is made for the maximum prognosticatezhsfer of power. While checking the (n-1)
criterion for 400 kV and 220 kV network it is assesnthat parallel 110 kV network is
disconnected. To dimension the evacuation in systethe power generated in the nuclear power
plants the (n-2) criterion is used. The (n-1) ciite is fulfilled if:

= The operation parameters of transmission netwoekvathin the limit parameters of the
operation voltage and load current so that therst @0 negative impact that can put in
danger safe operation of the system or can le#ltktdeterioration of the equipment or non-
acceptable reduction of equipment lifetime;

= No interruptions in the supply of transmission natausers take place;

= No tripping of other installations takes place Ine thelp of the equipment protection
devices that are not affected directly by the pegtion involving the risk of its extension;

= No modification or interruption of the transfer pbwer resulted from the long terms
covenants.

Technical criterion for static stability that haslie verified for a perspective of up to maximum 10
years, says that transmission network should peosigtatic stability of minimum 20 % with (n)
lines in operation, and 8 % with (n-1) lines in cgi@onN.

Technical criterion for transient stability thatsh@ be verified for a perspective of up to maximum
5 years, says that transmission network shouldigeostable operation for the multi-phase or
single-phase 400 kV and 220 kV line with (n) andLjrelements in operation.

Dimensioning of the installations for the compemsatof the reactive power is made with the
observance of the acceptable voltage ranges itha@lhodes, under all the operation regimes in
configuration with (n) and (n-1) elements in openat

The efficiency of the short and medium term invesite in transmission network should be
justified during the planning phase, based uporet@alated recovery duration at least. Long term
planning studies (10 years) should indicate devatag solutions prioritized on economic criteria.
4.1.8. Serbia

Serbian Grid Code is under preparation (statusuzepr2007).

4.1.9. UNMIK

UNMIK Grid Code is under preparation (status Febr2907).
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4.1.10. Slovenia

Slovenian Grid Code is a very reduced one concgrinansmission system planning issues. It says
that the Slovenian TSO is obliged to prepare 5g/&@nsmission network development plans [11]
and that the network shall be designed accordintpe¢an-1) criterion. TSO uses that criterion in
order to avoid one of the following events when element is out of operation:

= excess of system parameters (frequency, voltagesra,
= cascade tripping,

= voltage instability,

» transient instability,

* |oss of load.

The (n-1) criterion shall be satisfied for maximpower plants production.

4.1.11. Turkey

Transmission network planning issues and planniriter@ in Turkey are published in the
“Electricity Market grid Regulation” [12] and theTfansmission System Supply Reliability and
Quality Regulation” [13] documents.

By taking into account the economic aspects of dppdies related to the connection to and/or use
of the transmission system according to the capagibjections, TEAS is responsible for
preparing the transmission system ten year progegsst, for the purpose of determining the most
suitable regions for energy transmission and pingiguidance to investors.

TEIAS is responsible for preparing the generation capamiojection that covers projection for
minimum ten year period, based on the demand fetqm@pared by distribution companies, in
order to maintain the quality, continuity and rbllay of electricity supply and also to lead the
market participants.

Transmission system ten year statement reporth@ashjectives of putting forth the opportunities
of connection to and/or use of the transmissiortesys together with their economic aspects,
identification of the most suitable regions forattee energy transmission and also leading the new
market participants.

The transmission system ten year statement rapdudes the following items:

= basic parameters of the transmission system deeadrid of the last year,
= regional characteristics of the transmission system

= evaluation of the current performance of the trassion system,

= improvements planned on a yearly basis,

= investment plans of the transmission system,

= regional transmission tariffs.
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TEIAS plans and develops the transmission system irréacoe with the provisions set out in
the transmission license. Users take into acco@i¥’s views and practices in planning and
improvement works concerning their own generatiacility and/or network. Transmission
system development plan prepared byAEbased on regulation clauses concerning security
and quality of supply comes into effect followirttgetapproval of the Board. T&S publishes
generation capacity projection and production gadeteria taken as a basis in the preparation
of transmission system development plan. Theseriinclude calculations of the probability
of not meeting the peak demand, based on finatieeeration capacity projection.

Probability of not meeting the demand should beaktpuor less than 2 % per annum, which
indicates not meeting the peak load for a totaigoeof seven days in a year. IS includes

its views in the annual connection opportunitiegoré in order to reach annual generation
capacity projection targets.

In [12] very detailed planning and design princgplare defined. The transmission system is
planned in order to ensure loading of the trandgomnssystem under the thermal limits, to ensure
not loosing of even a user and in order to avoldnd operation of the system, under normal
operating conditions, under primary or (n-1) coastr and transport of maximum generation of
generation facilities to the system conditions, esuring the voltage and frequency of the system
is kept within the limits.

4.2. Regional grid code

In June 2005 EdF prepared preliminary proposafufture development of the Regional Grid Code
[14]. This is the latest version of the documerdikable to SECI project group. Planning issues are
comprised in the “Planning Code” document.

It consists of the following chapters:

Introduction
Organization of system development planning
System reliability assessment

> wnh e

Data Exchange

Introductory part of the “Planning Code” says ttied Planning Code has to specify the technical
and organizational procedures and rules to beeghply all the members of the “regional electricity
market” area in the planning and development aof then power system, and has to be taken into
account in the overall planning and developmenthef SEE interconnected power system. The
Planning Code is dedicated to serve the needs @f SBE electricity industry in a non-
discriminatory access-to-transmission environmestefred by a changing sector structure and the
creation of a common electricity market.

Chapter 2, Organization of system development ptaprsuggests planning principles at national

level and regional electricity market level. The ESHSOs should plan and develop their
transmission network according to their own requiats and in compliance with UCTE technical
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rules and standards. The SEE TSOs should prepaterByReliability Report every two years,
covering time period of next 10 years. Every Sysketability Report should be based on:

= the forecast demand,

= an assessment of the generation adequacy: theagjenedevelopment plan based on a
regular estimation of the total generating capashipuld meet the demand forecast with
respect to the (n-1) criterion;

* an assessment of transmission system potentiatitgpa
» the need for interconnections with other (neightigripower systems.

Principles of overall SEE planning are based onaiheto plan a system able to provide technical
support for a regional power market. The Regionad Gode suggests establishment of a Working
Group that will deal with planning issues and prep@ystem Development Plan (SDP) every two
years, covering time period of next 10 years. Thénrntopics highlighted by the SDP will be:

= An inventory of possible deficits and surplusesh® generation-demand balance in each
country;

= A list of network bottlenecks and power transfenits between REM members’ power
systems; and

= A list of proposals for the construction of new-liees and correlated enhancements of
individual transmission systems.

Chapter 3, System reliability assessment, defirmsep system adequacy issues, power system
security issues, defense plan and re-energizingsptsues. For the purpose of this Study only first
two items are commented.

Power system adequacy, as the criteria measurmgadpacity of a power system to supply the
aggregate electric power and energy demand of m@stat component ratings and voltage limits,
taking into account planned and unforeseen outafies/stem components, has to be assessed
taking into account both the generation and tragssiom aspects. Assessment of the generation
adequacy consists of investigating the ability loé generating units to match system demand
evolution using a comparison between the demandth@dotal generating capacity which is
considered as “guaranteed”. Assessment of thenige®n adequacy consists in investigating
whether the transmission system is sufficientlyedizo accommodate the potential imports and
exports resulting from the various national powalahces, thereby improving the reliability of the
SEE interconnected power system.

It is prescribed that each SEE TSO for the natideatl, and WG on the regional level, shall

estimate generation adequacy (together with povaanibe forecast and remaining capacity
forecast). Transmission adequacy assessment cn$isomparing the Remaining Capacity with

the Net Transfer Capacity at the borders (the potvat can be safely transmitted across the
borders) of each SEE TSO. The SEE transmissioemsydevelopment forecast should be derived
from the individual SEE TSO forecasts and agreddéden them.

At the SEE level, the transmission system adeqaaeyysis focuses on the interconnections and
on the internal lines, which have a direct effattlre international exchanges. The WG responsible
for regional planning has to establish various ages for interchanges and power injections
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according to the regional market. In addition, #ernty analysis should be performed taking into
account hydrological situations, market price flations, etc. The WG has to assess the SEE
transmission system adequacy. In case inadequa@esointed out, the concerned TSOs have to
look for a common solution.

The SEE interconnected transmission systems have ptanned, designed, and constructed so that
with all the transmission facilities in service awith operating procedures in effect, the network
can deliver generating unit output to meet the whange of forecast customer demand and
transmission services, in the following conditions:

a. Line and equipment loadings are within appliedgbermal rating limits;
b. Voltage levels are within applicable limits;

c. Short circuit current is within the limits; and

d. Stability of the power system is kept.

The security criteria measure the ability of a poggstem to withstand sudden disturbances such
as electric short circuits or unforeseen trippingystem components or loading conditions as well
as operating constraints. The Planning Code pie=sithe following security criteria for network
planning:

The (n-1) criterion
Voltage and reactive power control criteria

Stability criteria

H wnh e

Short-circuit criteria

1. The (n-1) criterion

The (n-1) criterion is satisfied if, after a singlgstem element has failed (e.g. transmission line,
transformer, generating unit, etc.), the follownudes are satisfied:

1. No breach of the limiting values for network operatvariables (operation voltage, voltage
ranges, frequency, network short-circuit power} thay endanger the security of the power
system or lead to an unacceptable strain on equipn@damage, destruction or an
inadmissible reduction in the life of equipment;

No inadmissible overloading of components may fakee;
3. The voltages and frequency are satisfactory fosgorers and generating units;

4. Interruptions of supply are avoided (with or withdbe use of redundancies temporarily
available in lower voltage networks and in theafiations of transmission system users);

5. Secondary tripping through activation of furthemtection devices on equipment not
directly affected by the disturbance cannot invaherisk of spreading the disturbance;

6. There is no need to change or, if necessary, ugepower transfers; and
7. The loss of generating unit stability is avoided.
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The SEE interconnected power system has to be gdardesigned and constructed so that the
network can be operated to supply customer demaddtransmission services, at all forecast
demand levels, in accordance with the (n-1) coteriAs an ultimate objective, the SEE
interconnected power system should be capablecoihamodating planned equipment maintenance
outages and continuing to operate in the condgmecified by the (n-1) criterion.

2. Voltage and reactive power control criteria

Sufficient reactive resources have to be locatedutjhout each power system, with a balance
between static and dynamic characteristics. Bahicsand dynamic reactive power resources are
needed to supply the reactive power requirementsusfomer demands and the reactive power
losses in the transmission and distribution systeand provide adequate system voltage support
and control. They are also necessary to avoid geltastability and widespread system collapse in
the event of certain contingencies. Transmissi®iesys cannot perform their intended functions
without an adequate reactive power supply. Reagibweer generation and consumption should be
situated as close to each other as possible i twdevoid reactive power transmission and so that
they can be applied effectively during normal ctinds and when contingencies occur. Duties of
the SEE TSOs are:

» Voltage control is primarily a local problem, whighll therefore be under each SEE TSO
responsibility;

= Each SEE TSO will plan reactive resources foretguirements and to maintain its control
voltage capability. The planning has to take intwaaint the influence of tie-lines on
neighboring power systems;

= To compensate for an excessive consumption ofiveapbwer, each SEE TSO has to be
sure that dedicated producers will feed enough tijyainto networks in addition to that
produced by other devices installed in the networkis consumers’ installations;

= Each SEE TSO will conduct assessments (at leasf éve years or as required by changes
in system conditions) to ensure reactive poweruess are available to meet projected
customer demands. Documentation for these assetsssieuld be provided on request;

= Policies and procedures for boundary substatiodsirstallations must be developed with
neighboring TSOs if appropriate; and

= Power flow simulation of contingencies, includingvPand V-Q curve analyses, could be
used and verified by dynamic simulation when stestdye analyses indicate possible
insufficient voltage stability margins.

Where voltage deviations lead to constraints omtfighboring power systems on a regular basis,
compensation equipment must be installed in orddweep the system voltage within the normal
range. The choice of compensation equipment to dexl wiill be agreed between the TSOs
concerned.

3. Stability criteria

Stability calculations should be performed for 8t€E interconnected power system. The regional
planning WG should establish a set of common obvjestfor performing stability calculations in
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order to ensure power system security. Thus, theuld identify the scope and specificity of the
steady-state and dynamic data required for religbénalyses and the procedures for data
reporting. The WG should co-ordinate the stabitudy in order to examine that neither the
national system stability nor the regional stapiitould be endangered by purchases or injections
by the system users. When certain levels of porvesster are observed to produce a destabilizing
effect, they must be examined. Thus, the WG sheulgbest actions to prevent or eliminate the
risks and consequences such as:

= Steady-state instability prevention: The loss o&ksignal stability could be prevented by
optimized system control means, employment of P@&ystem Stabilizers (PSS), changing
of connectivity, etc.

» Transient instability prevention: The loss of tiens stability could be prevented by the
actions of the protection and control equipmentibfeasible) by fast-valving actions at
power plants.

4. Short-circuit criteria

Short circuit calculations must be systematicallyried out in every case so that transmission
system design and planning take into account thecadt networks’ contribution to short circuit
power. The facilities and devices connected to gt/ must be designed to operate according to
given current limits. Therefore each interconnecpeiver system is to be developed within
imposed constructive limits. In particular, tectalicequirements for generating units’ connections
must be defined in order to guarantee that shortiticurrents remain below the established limits
(short-circuit calculation must be done accordiaghte UCTE method, IEC 60-909 publication).
Each SEE TSO has to ensure that its system desayamfees that at any node on a power system:

= short circuit currents will not exceed the capaoitylevices installed on that node, and

» a sufficient short-circuit power value is availalfter fault clearance by the protection
system.

In order to establish a basis for each SEE TSQdess the contribution of adjacent systems when
calculating short-circuit currents, the regionarpiing WG should use an SEE network model to
execute a calculation for the SEE interconnecteslepcsystem every five (5) years and to get a
consistent set of data.

4.3. Summary of planning issues in national grid ates and draft version of the regional grid
code

Based on the review of the national grid codes amdtaft version of the regional grid code on
transmission network planning issues, the followimay be concluded:

» Grid codes prescribe the SEE TSOs obligations eélab transmission system planning
reports and studies. Planning horizons vary froortsterm (up to 1 year ahead) to long-
term (up to 20 years ahead);

» Grid codes define the role of the transmissionesyst National transmission systems have
to enable reliable and secure system operatiorcanithuous load supply. Regional aspects
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of national transmission systems are not mentioneke national grid codes so there is no
reference point for regional transmission systeamiping;

= All national grid codes prescribe the usage of (iim€l) criterion in transmission system
planning. Explanation of that criterion is very 8an between countries and not permitted
consequences of single outages are pretty muctathe;

» Other technical criteria such as short-circuittabdsity criteria are prescribed somewhere in
national grid codes;

= Transmission investments economic rationalizat®mat mentioned in the national grid
codes, except in general term in the B&H and Roarannes;

= Probabilistic technical criteria for transmissioystem planning (loss of load probability)
are mentioned only in Romanian and Turkish gridespd

» National grid codes are prepared in line with &tdrarsion of the regional grid code, and
there are no larger disproportions between the@mnaligrid codes and the regional grid code
concerning transmission system planning issues;

» Draft version of the regional grid code assumestaa of a working group that will plan
the network on regional level, especially directatgention to interconnection lines and to
those internal lines which have large impact tondfer capacities between different
countries. The national grid codes do not envisage working group at a regional level
which may deal with national transmission systeamping issues;

= It seems that the national grid codes and a dexfsion of the regional grid code do not
satisfactorily respect market issues in transmispianning, especially concerning planning
uncertainties, economic considerations of trandpmssnvestments, balance between
security and costs, promotion of the private finag@nd congestion costs.
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5. PREREQUISITES AND ASSUMPTIONS FOR SEE TRANSMISSDN
SYSTEM PLANNING ISSUES

5.1. Market structure and regulatory aspects

The basic assumption for the following chaptershet a unified regional electricity market will
exist in the near future at the territory of Soktist Europe. Planning criteria and methodology are
thus suggested to be respected by the SEE TSOs.

Well defined planning criteria and methodologyle tegional level may help the SEE countries to
develop their power systems and infrastructureeteescommon electricity market in accordance to
the Energy Policy for Europe (EPE) [15]. Meeting thbjectives from the EPE of sustainability,

competitiveness and security of supply will surglp the SEE countries to better integrate into
future common European electricity market. Thatludes development of new infrastructure

needed to integrate electricity generated from waide sources, infrastructure which leads to
effective competition and reduces the scope fokketgoower abuse and infrastructure which will

increase security of supply.

The SEE transmission network planning criteria emethodology are defined observing national
networks at the territory of the SEE, under thepoesibility of the SEE TSOs, as a unique
network, with the aim to promote and ensure maakgivities. Planning criteria and methodology
are defined taking into account national requestfindd in the national grid codes as much as
possible, but suited to the regional electricityrkea needs. They serve primarily to support market
activities at satisfactorily level of overall systeadequacy and security, based on technical and
economic considerations. They also serve to estinia¢ level of future SEE power system
reliability and to identify and prioritize transreien investment candidates from the SEE regional
point of view.

Basic assumption for the work conducted in thisd$tis that a stable regulatory framework and a
necessary degree of co-ordination between the SEBSTn terms of technical standards, balancing
rules and congestion management mechanisms wikcheved in the near future. More efficient

unbundling of the SEE TSOs from production and suppmpanies may lead to more incentives
to develop the network in the overall interestra market and the SEE region as a whole.

It is supposed that the region of the SEE will hawsell functioning electricity market organized
through pool and bilateral contracts [16], and extively regulated applying similar methods and
procedures for congestion management, system seand quality and other issues. For the
transmission system planning purposes, it is alggpased that production companies will give
their bids to the pool at the regional level andttgenerators will be engaged on the basis of
increasing bids to supply all consumers in theaegiConsumers will have the right to choose
suppliers wherever they want and suppliers willehthe possibility to buy electricity from the pool
or through bilateral contracts. Thus, it is assurtteat electricity price will be market oriented
across the region and not significantly dependente location in the SEE grid. For the planning
purposes, especially concerning determination gjepts regional impact and their prioritization, it
is suggested that undelivered or unsupplied ettstrunit value should be treated equally in the
region and determined as the ratio between the (u@®DP’s of the SEE countries divided by
annual delivered electricity to all consumers ia tagion.
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In other words, the SEE region is observed as amgepsystem with same obligations and rights
for all market participants and transmission nekmglanning criteria and methodology are set to
keep the overall system adequacy and securityeimibst economic way.

In order to respect obligations of the SEE TSOsational transmission system planning, two
groups of project candidates are made. The fistiis made of project candidates significant at
national levels which sta