[ PUBBLICATO A9017214 (PAD - 1205713) |

Mod. RAPP v. 0

CESI

Report Approved Page 1/57
Client European Commission — Directorate General for Bnangl Transport — Directorate C
Subject Updating T E N-Energy- Invest study (Contract n.ENRO4/ADM/S07.38533/ETU/B2-
CESI) with a particular attention paid to the fituteveloment of the Energy Market in 1
Baltic region —
Working Group Electricity Interconnections.
Phase I: present status of the electricity sectonithe EU Member States surroundin
the Baltic Sea, including Norway, Belarus, Kaliningad region and Ukraine; main gaps
and bottlenecks, qualitative assessment of new imt®nnection projects
Order European Commission — DG Energy and Transport edibrate C —
Contract number: TREN/C1/506/2008/S12.514743%. R6v. 2008
Notes

Partial reproduction of this document is permitbedly with the written permission from CESI.

N. of pages

Issue date

Prepared
Verified

Approved

57 N. of pages annexed 3 sheets A3 format
June 2009

IMP - Cova Bruno, IMP - Gregori Luca

AQ017214 2982 AUT A9017214 3336 AUT

SIS - Ardito Antonio

AQ017214 2935 VER

SIS - || Responsabile - Ardito Antonio

AQ017214 2935 APP

CESI ) Via R. Rubattino 54 Capitale sociale 8 550 000 Euro  Registro Imprese di Milano
Centro Elettrotecnico 20134 Milano - Italia interamente versato Sezione Ordinaria
Sperimentale Italiano Telefono +39 022125.1 Codice fiscale e numero N. R.E.A. 429222

Giacinto Motta SpA Fax +39 0221255440 iscrizione CCIAA 00793580150  P.1. IT00793580150

www.cesi.it



CESI

Report Approved Page 2/57

Table of contents

1 FOREWORD ..ottt e 3
2  OBJECTIVES OF THE STUDY ..cotiiiiiiiiiiiiiiiiiiiiimms s e e e e s aeese s 5

3 OVERVIEW OF THE PRESENT STATUS OF THE ELECTRICITY S ECTOR IN THE

COUNTRIES OF THE BALTIC SEA REGION ......ouutiiiiiiiiiiiieeee ettt e e 7
3.1 Overall status of the power systems around thé@@BBHa.................eevvvvrviiiiiiiiiiiiiieeeeaeeens. 8
3.2  Consumption, installed capacity and generation. . ......cooviiiiiiiiieiieeeeeeeeeeeeee s 10
3.3 Energy balances and eXChanges .............ceeeeeeee i 13

3.3.1  The NORDEL POWET POOL ...ttt 14
3.3.2  The BALTSO POWETI POOI .....ccoiieeeeeeeee e 16
3.3.3  Germany and POland ...........cccuiiiiiiiieieeeeeee e 17
3.34 IPS/UPS Countries: Belarus, Kaliningrad region @ajsand Ukraine......................... 17

4 MAIN GAPS AND BOTTLENECKS ...ttt e e e e e e mnnnee e e 19
4.1  Existing cross-border congestion in the BaltiCO&Gi.............ccoooviiiiiiiiiiiiii e 19

5 GENERATION EVOLUTION AND SYSTEM ADEQUARCY .....ccuiit coeiiiiiiiiiieieee e 28

5.1.1 BALTSO Power Pool (Estonia, Latvia and Lithuania)................ccccoovveiiiiiiiieeieeneee 92

5.1.2  NORDEL POWEI POOI ....ccoiiiiiiiiiiiiiiiee ettt smneeee e e 29

5.1.3 Germany and Poland ...........cooooiiiiiiiiiiiiii s 30
5.2  System adequacy at short term: winter 2008-20009.............cooiiiriiiiiiieeeeiieee e 30

6 INTERCONNECTION PROJECTS ....ciii ittt ittt e snnne e e e e e 32
6.1  Germany and PoOIand ...........ooooiiiiiiii 34
6.2  Estonia, Latvia and LIthuania..............coeeeieriiiiiiiiiiii e 42
6.3 Denmark, Norway, Sweden and Finland.........cccccceoeooei e 49

T REFERENQCES ... ..ottt oottt ettt e e e e e e ettt ettt e e e sene et e e e e e e e s bbb bn e e e aaaeeeas 53

ANNEXE L.ttt ettt e e e e oo ettt et e e e e et et et e e e e e e e e e e e e e e e e e e e e nene s 55

ANNEXE 2. .. ittt e e ettt e et e e e e e e e e et e et e e e e e e nanees 56

© Copyright 2009 by CESI. All rights reserved - Aitjvcode AEO8IMP045



CESI

Report Approved Page 3/57

REVISIONS HISTORY

Revision Date Protocol List of modifications and/or modifipdragraphs
number
0 20/02/2009| A9004486 First issue

This issue replaces the two draft versions released
10" Dec. 2008 (interim report) and on"2Jan. 2009
(added new chapter on existing cross-border
congestion in the Baltic region)
1 May 2009 | A9012918 New comments on the LitPol @wtmany-Poland
interconnection projects
More information added on the solutions for the
offshore grid connection at Kriegers Flak in the
Baltic Sea

2 June 2009 | A9017214 Modifications in the desaiptiof the security
criterion adopted in Baltic Member States

1 FOREWORD

The countries surrounding the Baltic Sea operate tfeneration and transmission systems in three
different power pools: NORDEL, UCTE and BALTSO. p#gs a common frequency, 50 Hz, these
pools are not synchronously interconnected eachrathd power exchanges can take place through
HVDC! submarine links. Whilst NORDEL and UCTE are préiseconnected through 9 HVDC links,
the Baltic Republics of Estonia, Latvia and Lithizacan exchange energy only with NORDEL through
one single interconnector between Estonia and kdn{&stLink), commissioned at the end of 2006 and
with a limited capacity (350 MW). On the other hatite transmission system of the Baltic RepubBcs i
strongly meshed with the IPS/UPS pool of the Rus&iederation and the other CIS states. A further
complexity derives from the geographical locatidnhe Kaliningrad region, the transmission systdm o
which is interconnected only with Lithuania; henpewer transfers to the Kaliningrad region from the
rest of the Russian Federation will affect the Ingdof the Baltic Republics grids, especially in
Lithuania and Latvia.

Moreover, as for the primary energy supply, it @rth mentioning that the Baltic Republics rely on
Russia for the totality of their gas imports. Amaheg three Baltic States, Lithuania is very likéhe
one which will face the highest difficulties to ens an appropriate level of energy supply, after th
decommissioning of the last nuclear tranche of ligaaPP, in particular in case of cold winter. In
general, the decommissioning of Ignalina PP canenth& Baltic Member States deeper dependent on
import energy from Russia and Belarus.

Consequently, the three Baltic States appear tpabpgcularly vulnerable and will have to swiftly
undertake a series of actions, among which:
- identification of new sources of energy supply;
- integration with the other European power markets
- strengthening the interconnection with the Euasppower pools.

! HVDC = High Voltage Direct Current
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It is clear that the present fragmented situatioevgnts the development of an integrated Energy
Market in the Baltic region. Therefore, some pties have been outlined by the European Commission
concerning the establishing of an action plan sedpup interconnections in the Baltic region.

Since the construction of new interconnectors, tvhicthe Baltic region will be mainly based on
HVDC, is a capital intensive investment, it is afmest importance to examine in depth the justiiores
for new interconnectors considering the perspedixaution in the generation sector in the concgrne
countries, in order to estimate the amount of gnargl power exchanges and select a priority in the
realisation of new interconnectors.

Cross-border infrastructures shall be seen as nteansve towards the priority targets establishted a
the European level (Fig. 1-1), i.e.:

- competitivenesghanks to an effective integration of nationatl aagional power markets. To
this purpose, the full compliance of the EU Memitates (MS) with the European
Commission (EC) directives, regulations and deosshall be achieved,;

- security of supplythanks to a diversification of power supply, atéxe sharing of system
balance reserves and higher possibility of mutuppsrt in case of outages;

- sustainability thanks to a better exploitation of Renewable gneSources (RES), which by
their nature are often located in sites far fromltiad centres.

IEU priorities:
Security of Supply

Integration of Diversification
the Baltic Sea of sources and
region routes

\ i

Baltic Interconnection Plan

1 r
1 1
1 1
1 1
1 1
' 1
Regional r’ Development Connection of 41 Pooling of
i |
1 1
1 1

1

i

1 . .

! cooperation of renewables to funding
! infrastructure the grid

Fig. 1-1 — Baltic Interconnection Plan within theesall EU energy framework (source EC)

The above EU priorities can be attained only thioagwell-interconnected and well-functioning
internal energy market backed up by solidarity agnbfember States, allowing to manage the power
systems with higher security margins and powerityuatandards and to ensure enhanced security of
energy supply in the long term. Thus, the integratf the Baltic States into EU energy networksrie
of the main objectives that will contribute to ttability and economic growth of the Baltic Sea iRrg
In order to cope with this challenge, the EC cay @ key role by proposing a series of comprehensiv
measures to strengthen the energy market of thtec Baéa. In the Strategic Energy Review, the Balti
region is indeed among the six priority areas idiedt by the EC. This view is also shared by the
Council, which clearly mentioned this issue in tmmclusions of the last European council of October
2008. Such a regional approach is needed to adie$sllowing issues:

- replacement of the capacity of Ignalina powenpla
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- meeting the growing needs for electricity in fowire in the whole region;
- enabling more trade of electricity among neighioayMember States;

- diversification of electricity production by ratiag to joint projects since many countries and
regions in the Baltic are too small to develop logirtown a diverse power sector with different
fuels, nuclear, renewables;

- reducing dependence on gas imports from Russiakghto new interconnections with other
Member Stats or a joint LNG project.
Thus, coordinated actions are needed to bring hegén a global plan the (mostly existing) projects
involving all countries around the Baltic Sea fioe levelopment of:
Electricity interconnections;

- New electricity generation capacity;
- Gas diversification of routes and sources.

In this context, the EU role aims at coordinationgrder:

- To bring MS and market players together with angmn purpose and this explains the need to
create a specific structure "High Level Group (HL@®) the Baltic Energy Market" following very
positive similar examples in other areas, namelpinSouthwest Regional Energy market.

- To maximize the use of different sources of fugdio develop new low carbon power plants and
strengthening the interconnections in the area.

To achieve a better coordination and avoid inedficy, the European Commission launched the
initiative of establishing an action plan aimedspéeding up interconnections in the Baltic regitime
European Council supports the Commission initiatiihe principle of setting up a Baltic
Interconnection Plan based on a Baltic Energy Maalkesoon as possible was also endorsed by the MS
directly concerned. The HLG for the Baltic Interoection Plan is composed by representatives of each
MS involved (ministries — transmission system ofmsa— regulators). The group covers electricitgt an
gas and it is chaired by the Commission. As a ftsp, the HLG shall provide a first comprehensive
view of the situation focused on electricity. Téstpurpose, during the HLG meeting or"20ovember
2008, the creation of two working groups (WG) hasrbagreed; one WG will address issues related to
the interconnections (WG Interconnections), while bther WG will examine the conditions for the
integration of the power markets in the region (\M@&rket).

Note: this report presents the results so far aledi working in close collaboration with the E.Cdan
the WG Interconnections members. Further activistesll be carried out to fully comply with the Term
of References of the WG Interconnections.

2 OBJECTIVES OF THE STUDY

For the design of a Baltic Interconnection Planichtthas to be seen as part of a Baltic Sea Regional
Strategy covering electricity, gas and storagesrées of preliminary steps have to be undertakeh th
can be summarized as follows:

i) to have the clearest possible view on the caipeoduction/transmission capacities, including riba
E.U neighbouring countries (Russia - Ukraine — Bedg
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ii) to identify the main gaps and bottlenecks;

iif) to have the clearest possible view on proj€ots going / planned) in the Baltic area (transiorss-
generation).

iv) to identify the pending questions preventing timplementation of an integrated energy market suc
as pricing and market regulation.
Coherently with the objectives set within the WQ&ehgonnections, this report addresses the
following issues:
- overview of the present status of the electrisdgtor in the Baltic region, namely:
0 assessment of the consumption level, installedaigmand power generation;
0 energy exchanges;
0 existing cross-border congestions;
- expected evolution of the installed generatioth assessment of the system adequacy levels;
- presentation of the new interconnection projects:
0 main characteristics
0 justifications.
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3 OVERVIEW OF THE PRESENT STATUS OF THE ELECTRICITY SECTOR
IN THE COUNTRIES OF THE BALTIC SEA REGION

Problem statement

» identification of the current electricity consungstilevels highlighting past patterns and expected
future trends in the EU member States surroundimegBaltic Sea, including also Norway, Russia
(Kaliningrad region), Belarus and Ukraine (“exterdiBaltic region”);

» display the present generation endowment and ptamiuin the countries of the “extended Baltic
region”;

» assessment energy exchanges.

Methodology

» Data collection from public available documents ataboration;

» Specific information provided by the Transmissigst&n Operators, Regulatory Authorities and
representatives of the Ministries of the Baltic NbemStates

Major results

Major results are clustered in the paragraphs hieedow as follows:
» Overall status of the power systems around theBa#a;

» Consumption, installed capacity and yearly produti

» Energy balances and exchanges.
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3.1 Overall status of the power systems around tHgaltic Sea

Present status of the power systems
» the power systems of the Baltic Member States peeated in three different synchronous power
pools (UCTE, NORDEL and BALTSO, this latter is yaonously interconnected with the IPS/UPS
of the Russian Federation and other CIS countries);
» UCTE and NORDEL are quite good interconnected tgho®@ submarine High Voltage Dire¢
Current (HVDC) links, while BALTSO is interconnetianly with NORDEL through a relatively
weak HVDC link between Estonia and Finland

L d

The geographic area analysed is the territory atdabha Baltic Sea covering the EU Member States of
Estonia, Latvia, Lithuania, Poland, Germany, Derkn&weden and Finland as well as the Russian
Federation with special concern to the Kaliningradion. Furthermore, in our analysis we have also
considered Norway, Belarus and Ukraine, which, ¢fonot being from the geographical viewpoint
“Baltic countries”, are characterised by a generagndowment and a transmission grid able to afifect

a non-negligible way the power flows across thetiBadountries. In the following we refer to the
countries taken into account in our analyses astdes of the &xtended Baltic regidn

» The power systems of the Baltic countries are ptgs®perated in three different synchronous
power pools (Figure 3-1), namely:

+ Germany, Poland and Western Denmark as well asctimginental part of the EU are
synchronous interconnected within tHETE pool;

+ Norway, Finland, Sweden and Eastern Denmark aeecobnected within thdORDEL pool;

+ Estonia, Latvia and Lithuania compose B®&LTSO pool, which in its turn is synchronously
interconnected with thBPS/UPS system of the Federation of Russia, Ukraine, Beland the
other CIS countries (with the exception of Turknsésn).

» The three synchronous systems are characterizegberbgrkable differences in their sifdata
referred to the year 2007)

UCTE

| Capacity | 646 GW

| Peakload | 411GW

| Consumption | : 2564 TWh ___

Population 450 million

NORDEL

| Capacity | 97 GW .

| Peakload || 68 GW .

| Consumption_ | 413TWh___

Population 24 million

IPS/UPS(*) out of which: BALTSO

| Capacity | 337GW | Capacity | 91GW
| Peakload | 2156W | Peak Load | 48GW
| Consumption | 1285 TWh _ | Consumption | 25.5 TWh _
Population 280 million Population 7 million

(*) Data of IPS/UPS are referred to the year 2006
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Figure 3-1 - Power pools in the Baltic region

» UCTE and NORDEL are quite good interconnected thino@ submarine High Voltage Direct
Current (HVDC) links; the energy interchanges attdi in 2007 15.6 TWh=% of the internal
consumption of NORDEL) and were basically drivenrbgrket mechanisms and generation from

non-dispatchable RES.
» On the contrary, BALTSO is interconnected only WRBDRDEL through a relatively weak HYDC
link between Estonia and Finland; the exchange20®i7 have been about 2 TWh70o of the

internal consumption of BALTSO) almost totally frdastonia to Finland.
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3.2 Consumption, installed capacity and generation

Consumption
» The size of the countries around the Baltic regoquite different among them; Germany has the

largest consumption=600 TWh in 2007) followed by NORDEQ0 TWh, excluding Iceland) and
Poland 150 TWh), while the BALTSO countries attain as elaotonsumption level slightly legs
than 26 TWh. As for the non-EU countries of thetéaded Baltic region”, the Kaliningrad regiom
has a consumption of about 4 TWh, Belarus 36 TVdraad Ukraine 182 TWh,;
» The level of consumption is very high in NORDEIpeemlly in Norway characterised by a per
capita consumption as high as 24 kWh/capl/yr.
» In NORDEL countries the increase of consumptiothenlast decade has been very moderate With
the exception of Finland23% in 10 years);
» BALTSO countries are characterized by a quite lmghsumption growth, especially in Estonia apd
Latvia (increase in 2007 over 2006 exceeding 5%);
» Germany is witnessing a very low increase of denfstéo/yr), while in Poland the growth rate in
these last years has been around 2%;
» Finally, the region of Kaliningrad has recorded amerage consumption growth &% in the last
years.

Generation
» The generation endowment is mainly based on hydits in NORDEL, though the distribution ¢
the hydro resources is not uniform within this area
» Poland relies almost exclusively on fossil fuebreses (coal), while Germany has a more balang¢ed
composition with the largest share of generatiosdahon fossil fuels, but with a non-negligilgle
share of nuclear and a fast increasing generatromfRES (wind power);
» The situation of generation in the eastern Balti§ M varied: Estonia relies almost exclusively pn
fossil fuel (oil shales), Latvia mainly on hydrdyile Lithuania on a mix of nuclear, fossil fuel and
hydro.
» In general a good complementarity of generatiorougses has been detected between NORIDEL
and Germany/Poland. This generation resource comelgarity is also evident within BALTSO;
» Power generation in the region of Kaliningrad israist totally thermal as well as in Belarus, while
in Ukraine nuclear generation is almost half of greduction.

=4

Scope of this paragraph is to give a general vietheoconsumption, generation endowment, production
and exchanges among NORDEL, BALTSO, Germany andnélolFigure 3-2 and Table 3-1 depict the
yearly consumption level in the countries and regiof the “extended Baltic region”. As it can berse
the countries are characterized by large differemtsize and in per capita consumption.

Figure 3-3 shows the installed capacities and geioer, classified according to the main energy
sources. We can see that NORDEL is mainly basdd/dro generation, while Poland and Germany are
heavily dependent on fossil fuels, namely coal. |Blaicpower is present in Germany, Lithuania and two
countries of NORDEL (Sweden and Finland).

It is important to note in particular that the sadehe BALTSO pool with respect to the other coigst

in the region is very small; f.i. the yearly gertama in the BALTSO pool in 2007 attained 25.5 TWh,
which less than 5% of the yearly generation in Gemwn (555.9 TWh). Thus, the possible
commissioning of one large power plant or one sinigterconnector between BALTSO and one of the
other power pools will likely have a remarkable anpon the generation dispatch of the three Baltic
Member States
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More information on the present status of the posemtor in the various countries is available ia th
study report, the preparation of which is in pregre

600

Year 2007 - Consumption

500

400
=
E300 a

200 +

100

Germany

Poland

NORDEL

BALTSO

Figure 3-2 — Yearly consumption in the power padlthe Baltic region and the two coutries of UCTdtdgning
nto the Baltic region

Table 3-1- Yearly consumption in the countries @atdons of the “extended baltic region” (valuesestd to

2007)
Net Consumtion Installed Net
Consumption  per capita capacity Generation

GWh kWh/year (MW) (GWh)
Norway 110 718 23 557 30313 |137 387*
Sweden 144 510 14 509 34 068 145 087
Finland 90 434 16 432 16 900 77 769
Denmark 34 202 6218 13032 37 025
Estonia 7933 50918 2 385 10519
Latvia 7 533 3319 2179 4533
Lithuania 10 066 2990 4769 11 438
Germany 555 899 6 767 128 300 597 300
Poland 142 206 3732 32 463 148 400
Kaliningrad 3 300** 3454 643 2 445**
Ukraine*** 143 400 3103 52 199 192 331
Belarus 36 140 3729 7 659 30732

*Gross generation

** Estimation for year 2006
***Data referred to 2006
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Installed Capacities - 2007
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Figure 3-3 —Installed capacities
Electricity Generation - 2007
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Figure 3-4 — Electricity generation
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3.3 Energy balances and exchanges

Energy balances

» Germany and Poland are net exporters though modteoéxported energy is conveyed from Polan
to the Czech republic and Slovakia and from Gernarijte Netherlands, Austria and Italy through
Switzerland;

» NORDEL as a whole has shown a shortfall of eneng20d07 (-3 TWh), but with a non-uniform
situation among the countries: Norway and Denmanmk et exporters, though heavily depender
on non-controllable resources (hydro inflows forrNay and wind for Denmark). Sweden showed g
quite balanced situation in 2007, but energy batahas been fluctuating with surpluses and deficits
in the previous years. Finland is a steady heawymporter;

» BALTSO is a net exporting area (+0.958 TWh in 20@i#dh Estonia and Lithuania net exporters
and Latvia a steady net importer

» The region of Kaliningrad has always been a heawpadrter in these last years3TWh), but
starting from 2006 following the commissioning afeav thermal plant, the import has been halved
in 2006 (1.5 TWh) and further reduced in 2007 {@Vth);

» Belarus is a net importing country (-4 TWh in 2007)

» In Ukraine the situation is more complex: the Birshegion, synchronously connected with UCTE
is a heavy exporting area (+4 TWh in 2007) towacdsntries of UCTE, while the rest of Ukraine
exports energy to the other countries interconreeoteth IPS/UPS pool (+6 TWh in 2006).
However, energy export from Ukraine to IPS/UPSaisliding.

[eX

—

Energy flows
» Interconnections between NORDEL and UCTE are stibpeenergy flows in prevalent direction

from North to South, including the SwePol link, ethsaw in 2007 a net flow from Sweden tc

Poland (2 TWh) after 4 years of energy exchangésdropposite direction;

Finland is interconnected with Russia in “island aed and imports more than 10 TWh/yr;

BALTSO exports to Finland about 2 TWh/yr through EstLink;

As for the interchanges with the rest of IPS/UPSesys, we underline a net balanced situatior

between Estonia and Russia (0.7 TWh exported a®dlr'®h imported) and Latvia and Russia

(0.4 TWh exported and 0.2 TWh imported). Insteathuania has a net import balance with

Belarus of about 1.6 TWh, most likely energy whgelb Kaliningrad;

» Finally, it is worth mentioning that, having the BESO pool a very small size with respect to the
other blocs, the possible commissioning of one laege power plant or one new interconnector
between BALTSO and one of the other power poolslikély have a remarkable impact on the
generation dispatch of the three Baltic Membere&3taind the cross-border power exchanges.

Y VV

174

This section gives an overview of the energy baarfor each country of theXtended Baltic regidn
together with a summary of the yearly energy exgeanThe scope of the analysis is the identificatio
of the countries showing a surplus of energy, widam be traded in the Baltic region or, on the
contrary, suffering of shortfall of production, lenneeding to cover the internal consumption with
energy import through cross-border lines.

To have a first general idea on the degree of &apion of the existing interconnectors, a comparis
shall be carried out among: the amount of yearBrgynand power flows, the physical capacity of each
tie line and the NTC at the borders, which is talkenreference for the international commercial
transactions.

Concerning the energy balances in 2007, we natgune 3-5that on the whole the NORDEL pool is an
importing area (deficit of about 3 TWh), while themaining countries and BALTSO pool are net
exporters. However, it is worth mentioning that tafsthe energy exported by Germany and Poland is
conveyed from Poland to the Czech republic and &iegvand from Germany to the Netherlands,
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Austria and Italy through Switzerland. The energypfus of BALTSO has been about 1.5 TWh in
2007, which represents a quite negligible amoumisicering the consumption level of the other

20

Energy Exchanges

15

10

TWh

5

0

.

5 1L Germany

Poland

NORDEL

BALTSO

countries of the Baltic region.

Figure 3-5 — Energy exchanges - (positive valueamexport, negative values mean import)

3.3.1 The NORDEL Power Pool

The energy exchange of the NORDEL countries inyttae 2007 are reported in Figure 3-6 (source [7])
and [8]Y, while Table 3-2 shows the energy balance for eacimtry.
In the last year Denmark and Norway presented diym®alance. In particular, Denmark balance has
been positive with Germany (+6.3 TWh) and negativéh the other Countries of the pool. Norway

balance has been positive with all the Countriethefpool with only a small amount of power import

(-190 GWh) from the Russian Federation in the asgion. Sweden is a net importer from Norway,

while Finland is a big importer of electricity (neothan 10 TWh) from the Russian Federation.

Table 3-2 — Electric energy balance in NORDEL cadastin 2007 -(source[8])

Denmark Finland Norway Sweden NORDEL|

Balance (in TWh) 0.95 -12.7 10.0 -1.3 -3.0
Balance/

0, - 0, 0, - 0, = 0
Total consumption (in %) 2.6% [-14.0% | 7.9% |-0.9% 0.7%

% Note: exchange data between NORDEL and the otheeippools have been crosschecked by referringdo th
Annual Reports of UCTE and BALTSO: a full coherentyexchange data between NORDEL and UCTE is
confirmed, whilst a slight incoherency is detedtethe exchanges between Finland and Estonia: 18@h from

Estonia to Finland declared by NORDEL against 2GM/h declared by BALTSO.
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mmn

Figure 3-6 — Energy balance for NORDEL — 2007 -t(se[8])

Examining the past pattern of country energy baanche last years, it is possible to observe that

» Denmark has been a net exporter except than in the ye@s Q2.4 TWh), with a max in the
year 2003 of about 8.5 TWh. The volatility of enetzalance for Denmark is closely related to
the high share of generation from non-dispactalid& Ramely wind generation.

* Norway has been an electricity importer in the year 2008 2004 and a large exporter in 2005
and 2007. It is worth mentioning that the energpagkin Norway is heavily affected by the
water inflows; moreover, a higher volatility on tbeoss-border exchanges is expected in the
forthcoming years due to the integration of the Wamgian generation system with other
countries characterized by a large share of genariibom non-dispatchable RES, namely wind
(Denmark and the Netherlands).

» Swedenhas been an importing country in the year 2006lewh 2007 the shortfall of energy
has been very small. The reasons for energy imglatl be investigated: probably, energy
import was driven by market mechanisms (price diffiéials among the generating units of the
Nordpool market). We remark that the country enebgdance has been fluctuating with
surpluses and deficits in the last five years.
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« Finland has been a steady net importer all over the exadnieriod, with an increasing deficit
from 2005. Lack of sufficient generation margin hiasen recognised by the competent
authorities and actions for the commissioning of meneration (namely nuclear) have already
been undertaken.

3.3.2 The BALTSO power pool

The energy balance data of the BALTSO pool [10fhe year 2007 are shown in Figure 3-7 and in
Table 3-3. In the figure, data about exchanges GWh) are referred to the different electric
interconnections between the Countries of the pballe 3-3 shows the total values of the exchanges
between the countries.

Figure 3-7 — Energy balance for BALTSO in 2007(GWI(gource [10])

Table 3-3 — Exchanges of electricity 2007 ( GW(gource [10])

Estonia Latvia Lithuania BALTSO
Balance (in TWh) 3.1 -4.4 2.8 1.5
Balance/
Total consumption (in %) 39.0% -58.4% 27.8% 5.9%

Looking at the data related to the last two yeiaiis, possible to observe that Estonia and Lithaane
net electricity exporters, though, considering teatively small size of the countries, the country
energy balance can change remarkably followingddgmommissioning of even one single power plant
(e.g.: Narva TPP based on oil shales in Estonigr@lina NPP in Lithuania).
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Latvia is a heavy net importer of electricity; mover, it is worth noting that the largest share of
production is based on hydro resources with limieztulation capacity (no large reservoirs): hence,
the yearly generation is heavily dependent on theeminflows.

The large surplus and deficits among the countBAIETSO pool reflect the integrated development of
the generation (and also the transmission systaaégrtaken in the past. Indeed, the ratio between th
total physical cross-border flows among the thrée BSO countries and their consumption is as high
as 19%; taking into account the exchanges with iRuasd Belarus, this ratio attains 62% to be
compared with only 13.5% in UCTE, which has beewetiped in the past on a country-based level
with a progressive integration started in the Gl and later on in the 70’s.

The high level of integration of the BALTSO couesj which is reflected in high values of NTC
(compared to the internal load), shall be seen aera positive aspect for the creation of a future
regional power market. From this point of view, @aiuldn’t examine exclusively the energy balance
for each country, but should rather have a broagmroach considering the whole region. Only
examining the requirements for power supply at aegi level one can optimise the generation
development as well as the needs for new interadiums allowing consequently to catch the full
benefits from the related investments taking irdooaint the enhancement of security of supply ard th
effectiveness of the regional power market.

3.3.3 Germany and Poland

As for Germany and Poland, both the countries at exporters (+19.1 TWh for Germany and
+5.3 TWh for Poland in the year 2007), mainly saghds (towards Czech Republic and Slovakia for
Poland and towards the Netherlands, Austria amgtli@ough Switzerland for Germany).

3.3.4 IPS/UPS Countries: Belarus, Kaliningrad regiqRussia) and Ukraine

Belarus

Belarus is net importing country (-4.3 TWh, i.eL1:9% of the internal consumption) from Russia and
recently also from Ukraine. More than 1 TWh of gyeis conveyed from Belarus through Lithuania to
supply the region of Kaliningrad.

Kaliningrad region

The region of Kaliningrad has always shown a laigertfall of energy in these last years. Up to 2005
the energy import was about 3 TWh; however the pewer plant of TPP-2, commissioned in October
2005, allowed halving the energy import, whichiisgently around 1.5 TWh.

Ukraine
The power system of Ukraine is split in two electslands:

- Burshtin area, synchronously interconnected WI@TE since 2002,

- Rest of the Ukrainian power system interconneutit IPS/UPS.
The Burshtin area is exporting a quite large amairgnergy towards Hungary (4.8 TWh) and, to a
lesser extent, to Romania (0.8 TWh). We underlireg this area is subject to power wheeling from
Slovakia to Hungary, i.e. energy enters the Bunshtea from Slovakia (-1.6 TWh) and is conveyed to
Hungary.

¥ NTC: Net Transfer Capacity
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The rest of the Ukrainian power system exports ggnenainly to Moldova and from 2006 also to
Belarus.
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4  MAIN GAPS AND BOTTLENECKS

This chapter addresses the main constraints piegethie desirable energy and power exhanges among
the various countries of the Baltic region. Thelgsia presented in this report is referred to tkistang
cross-border net capacities and the estimatiommdgestions in terms of duration (hours/year) artdyen
(congestion rent). A second report [22], prepamdtbie framework of the WG Electric Market
Integration, illustrates the barriers to be remof@dthe creation of a power market in the BalticSv

and for its integration with Nord Pool.

4.1 Existing cross-border congestion in the Balticegion

Existing cross-border congestion

» Nordic region the congestions in the Nordic power system valgt @epending on the amount of]
hydropower availability. High congestion rents aecxorded between Sweden-Norway, Denmark-
Norway and Denmark-Sweden. Lower congestion eatists between Sweden-Finland.
The decision of network reinforcements to remoxgcttral congestion is derived by applying a
number of different scenarios up to the year 20BGsiness As Usual (with relevant variants)
Climate&Integration, National Focus. On the basfdlee above scenarios, reinforcements betweén
Sweden-Norway and Sweden-Finland have already leeided, while for the reinforcement
Norway-Denmark a letter of intent was signed.

» Sweden-UCTE
- the HVDC link between Sweden and Germany is dpaigevily exploited with a high volatility of
power flows, which reverse very frequently from tNoto South direction and vice versa.
Congestion is detected in both directions;

- the HVDC link from Sweden to Poland is subjeantwre stable power flows with power reversa|
occurring only periodically.

» Denmark-Germanythe border between Denmark and Germany is chareed by a high level of
congestion, but in this case, though the duratibrcangestion is very high (89% in 2008), the
congestion rent is quite limited.

» Estonia-Latvia-Lithuania presently, there are no permanent congestionsngnibe three Baltic
Member States. However, congestion can arise folgpwhe decommissioning of Ignalina NPP
Indeed, congestions in Baltic area have already nbaesxperienced during lIgnalina NPP
maintenance time, when Lithuania, Latvia, Kalinimgjrand Belarus import electricity from Russia
In such a situation the congestion exists 80-100%etime.

» Estonia-Finland Estlink has got exemption from third party accessl 2013 according to article 7
of the EC Regulation 1228/2003. Consequently, thailable capacity in both directions is
allocated to the Owners of Nordic Energy Link (tt@mpany owning and operating Estlink)
according to the shares specified in the CapacitycRase Agreement signed between the Owners.

14

This section gives an overview of the congestie@temtly recorded across the borders of the Baltic
Countries. The assessment of the duration (nb /gf)hof the congestion and the amount of curtailed
energy (GWh/yr) is usually helpful to highlight theost critical cut-sets and to provide a first wagn

of the need for the enhancement of the cross-bdrdesfer capacity, though we are aware that, for a
ranking of the most profitable network reinforcertsemore detailed analyses shall be applied toeagre
scenarios referred to a mid-long term horizon.

In the analysis of the congestion level presentrddfter we refer to the congestion rent (M€/yhick

is an indicator directly correlated to the amourthe curtailed energy.
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Nordic region (Norway, Finland, Sweden and Denmark)

The congestions in the Nordic power system varytadepending on the amount of hydropower
availability. Fig. 4-1 shows the congestion rembas Nordic countries in the last eight years.

Examining more in detail a specific section, thé-set between Sweden and Finland, one can clearly
see the yearly variation due to the different aliity of hydro power (Tab. 4-1).

Tab. 4-1 — Congestion level at the border betweeedgn and Finland
Year 2001 | 2002 | 2003 | 2004 |2005 |2006 |2007 | 2008

Congested | 1 5 27 24 9 7 5 3
hours (%)

Congestion | 0,4 7,3 9,8 3,9 9,9 91 2,6 1.3
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Fig. 4-1 — Congestion rent among the Nordic Cowstin the last eight years (in M€/yr)

From the scheme of Fig. 4-1 it can be noted thatesborders are already heavily congested now,

namely Sweden-Norway and Denmark-Norway.

The principles for congestion management in thedagrid are the following [6]:

- congestions are in general handled where theglaysically situated,

- structural congestions are removed or reducedrhd/ investments whenever socio-economically
viable, otherwise market splitting is applied, dexiding the market into separate price areas,

- temporary congestions shall be handled by courade (redispatching), if counter trade is possibl
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The decision of network reinforcements to removeicstiral congestion is derived by applying a

number of different scenarios up to the year 202mely.

- Business As Usual (BAU) with two variants: positiNordic energy balance in 2025 (+2 TWh) and
negative energy balance (-8 TWh),

- Climate & Integration;

- National Focus.

The estimation of the energy balance in the diffesgenarios is shown in the following picture.
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Fig. 4-2 — Energy balance in the different scensuigaamined in the Nordic Grid Master Plan [6]

The cost-benefit analysis carried out within thedilo Grid Master Plan issued in March 2008 allowed
prioritising a series of network reinforcementsaddition to those already decided in the previous
master plan. Fig. 4-3 shows the proposed reinfoecesnwithin the Nordic grfd A number of
additional interconnections between Nordel and m@agring systems may be profitable, but specific
studies have to be executed before prioritisingesofrthese potential interconnections (see in @aetr

the multiregional study between Nordel, BALTSO d&aland [23]).

* More details are presented in chapter 6.
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Fig. 4-3 — Previous and new proposals for reinfonemts in the Nordic grid [6]

Sweden-UCTE

The HVDC link between Sweden and Germany is quetevity exploited with a high volatility of power
flows, which reverse very frequently from North &puth direction and vice versa. Congestion is
detected in both directions as it can be seengn4-4.
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Fig. 4-4 — Power flows between Sweden and GermmaB907 (source Svenska Kraftnéat)

The HVDC link from Sweden to Poland is subject torenstable power flows with power reversal
occurring only periodically (Fig. 4-5).
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Fig. 4-5 — Power flows between Sweden and Polar2®@Y (source Svenska Kraftnat)
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Denmark-Norway and Denmark-Germany

The cross-border section between Denmark and Noisvagavily congested, as already shown above.
Also the border between Denmark and Germany isackenised by a high level of congestion, but in
this case, though the duration of congestion ig faggh, the congestion rent is more limited (Tai2)4

Tab. 4-2 — Congestion level at the border betweenrark-Norway and Denmark-Germany

Year 2008 Denmark-Norway | Denmark-Germany
Congested 79% 89%

hours (%)

Congestion 99,6 25,2

rents (M€)

Baltic Member States

In the BALTSO area the NTC at the country bordsrdefined with reference to the maximal thermal
and stability transmission limits. From now on, t€C at country borders is being evaluated applying
the N-1 security criterion already adopted withi@BTE>.

The basic structure of the BALTSO interconnectestesy, including the BRELL ring, is shown in Fig.
4-6. More in particular, the Estonian transmissiordgd operated with three 330 kV lines towards
Russia, belonging to the BRELL ring, and two linegh Latvia, in BRELL ring. The Latvian
transmission grid is interconnected to North witstdhia, eastwards with Russia through one 330 kV
line, in BRELL ring, and southwards with Lithuarttarough four 330 kV lines (two lines in BRELL
ring and two lines in load feed). Finally, Lithuanin addition to the interconnections with Latuias
interconnections with Russia (three 330 kV linethwthe Kaliningrad region) and Belarus (four 330 kV
and a fifth line, Ignalina NPP-Belarusskaja, desgyfior 750 kV, but presently operated at 330 kV, in
BRELL ring). Furthermore, the three Baltic Membdat8s are interconnected each other and with
Russia and Belarus through several 110 kV linefofmal electricity supply.

® E.g.: The N-1 criterion is already included in thighuanian grid code, which is approved by the idliry of
Economy.
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Fig. 4-6 - Basic structure of the BALTSO intercected system

Presently, there are no permanent congestions athentihree Baltic Member States (Fig. 4-7), since
there isn’t in place a regional market yet, and deaeration schedule is coordinated among the three
TSOs.

The application of the N-1 criterion reduces thaikmble capacity for the market to only 400 MW
between Estonia and Latvia, 400 MW between Latuilathuania (in BRELL ring), 400 MW between
Latvia and Lithuania-load and 0 MW between Latvid &ussia.

According to estimations of Latvian TSO, after Igma NPP closure, flows via all Latvian BRELL ring
corridors will be shifted in south direction on 3@@0 MW (estimated) and high overloadings,
especially from the North, can occur across th&ihattransmission grid.

The existence of congestions when Ignalina NPRitisobservice is confirmed by the Lithuanian TSO,
who highlights that Congestions in Baltic area exist only during IgnaliNPP maintenance time, when
Lithuania, Latvia, Kaliningrad and Belarus importeetricity from Russia. The congestion exists 80-
100% time during this period. Congestion exist®Roissia territory at Smolensk interface. This wdlldb
heavy congested area after closure of Ignalina N®&iting from January 1, 2010. Maximum possible
flow from Russia is 1500 MW.

Other limiting section is Latvia — Estonia intereacMaximum possible flow on this interface is
1000 MW from Estonia to Latvia and 1200 MW fromviaato Estoni& Congestions on this interface
are quite seldom; however, from 2010 after closofdgnalina NPP the load of this interface will
increase”.

® NTC values with the presently adopted securitie
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Fig. 4-7 - Physical power flows via Latvian corriddMW] during the year 2008 (source Latvian TSO)

A detailed description of the expected bottleneiokthe Latvian transmission grid in the year 2025 i
provided in Annex 2.

Finland-Estonia
In normal operation, the HVYDC interconnection bedwé=stonia and Finland (Estlink) can transfer up
to 350 MW electricity in each direction.

Estlink has been exempted from third party accetis2013 according to article 7 of the EC Reguati
1228/2003. Consequently, the available capacityoth directions is allocated to the Owners of Nordi
Energy Link (the company owning and operating BK}li according to the shares specified in the
Capacity Purchase Agreement signed between the IGwBg submitting their Usage Notification, each
Owner can choose to use or not to use the capalbityated to them in a particular hour. The Usage
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Notification of each Owner must be submitted beft3e30 on the previous day. These submitted Usage
Notifications become binding to both Nordic Enetggk and the Owner.

In order to ensure third party access, all capabi#y remains unused after the deadline for theg&lsa
Notification (13:30 on the previous day) will betamatically offered on the Free Capacity Auction
(results of this auction will be published at 15:00 the previous day). The Free capacity Auction
includes both the capacity that is unused by theé&sy but also the capacity which offsets the usage
specified in the submitted Usage Notifications.

In case an Owner does not want to use the capae#ijable to him, he can also choose to offer the
capacity on the Day Auction, Month Auction or Yéarction (on the Year Auction and Month Auction,
the capacity offered must be constant for all thars of the period; on the Day Auction, the capacit
offered can be different for each hour). The Dagthan takes place every day (before the submission
deadline of Usage Notifications) for the capacitedsthe next day. The Month Auction and Year
Auction take place once a month and once a yespentively.

Contrary to the Free Capacity Auction where Owraerd third parties participate on equal terms, the
Owners have priority rights on the Day, Month andal¥ Auction. Namely, before the actual Day,
Month and Year Auction, there is a Purchasers Auctvhere only Owners can participate. In this
Purchasers Auction, the capacity that is put upédDay, Month or Year Auction, will be offered tre
same terms, but with the exception that the bidsHis capacity will only be accepted, if the whole
the offered amount is bought by the other Ownétsidis for only part of the capacity offered aredea
the bids on the Purchasers Auction are deemed ttejdeted and all of the offered capacity is serthe
Day, Month or Year Auction.

The Owners of Nordic Energy Link are Eesti Energ§@, AS Latvenergo, AB Lietuvos Energija,
Pohjolan Voima Oy and City of Helsinki/Helsingin &tgia.

Third parties that have joined the auction schenteuse Estlink in addition to the Owners are Nordic
Power Management OU and Baltic Energy Partners OU.
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5 GENERATION EVOLUTION AND SYSTEM ADEQUACY

Problem statement

» Generation adequacy analyses the ability of theeggion assets to cover the peak load taking into
account uncertainties in the generation availagiind on the load level,

» Appropriate Adequacy Reference Margins shall beiesin each country or bloc of country

» The most recent study on generation adequacy hers ¢aried out in 2008 by the European TYOs

with a time horizon up to the year 2020 and adaptimo different scenarios:

0 a conservative scenario (scenario A) where only dbmmissioning of new power plants

considered as “sure” is taken into account;

0 a best estimate scenario (scenario B), which tak&s account the capacity evolution pf

scenario A and, in addition, future power plantsost commissioning can be considefed

reasonably credible.

Major results

» BALTSOpool will risk suffering of poor generation adegyain the period under examinatign
following the shut down of Ignalina NPP and the WarTPP. The situation appears to pe
particularly critical in winter peak load conditia On the basis of these evaluations, the BALTSO
region, which is presently a net exporter, will bee an importing area, quite dependent on energy
import from Russia;

> NORDEL the decided investments in power generation indtease the remaining capacityo
about 12% of reference load by 2013. After 2013tthe scenarios diverge from each other.|In
Scenario A the remaining capacity decreases to %020 while in Scenario B it remains abdve
10% to the end of the study period. The remainggggacity is such to allow power export outside
NORDEL. By comparing the remaining capacity witlke import and export capacity betwegn
NORDEL and other power pools, we see that in bo#narios all available surplus cannot be
exported to the neighbouring areas in referencel loanditions, because of limits in the NTC of the
interconnections. Only in peak load related to cotuhditions (probability once in ten years) the
remaining margin is below the export capacity;

» Germany the adequacy reliability margin and the remainicgpacity are balanced in both
scenarios, especially when adopting load managemeasures;

» Polandbelongs to the UCTE North Eastern region, which liéive a remaining capacity above the
adequacy reference margin up to 2013. From 201Zdhthe margins become insufficient in the
conservative scenario “A” with many fossil fuel pta likely to get closed and fossil fuel capagity
decreasing —25% in the period 2010-2020. Partidylain Poland in the scenario “A” remainin
capacity decreases, as the result of decommisgjaraised by environmental constraints. In the
scenario “B” remaining capacity, in general, remaimt the present level: in this scenario part| of
additional capacity derives from rehabilitation adties, mostly connected with environmertal
upgrading.

The analysis of the profitability of new intercortien projects and the identification of the coruis

for the power market integration [22] among theamned countries cannot disregard the expected mix
of generation endowment in the coming years. Thpomance of a clear view of the expected
generation evolution is also recognised by the pema TSOs, who, in these recent years, started a
periodical assessment of the system adequacy wWitrizon of at least ten years. In the past, e80T
association used to carry out its evaluations @oyhe power system under its control, but thianfer

the first time all the TSO associations (UCTE, NARD BALTSO, ATSOI, UKTSOA and ETSO)
started a joined studies and issued in July 20p8veer system adequacy report with an assessment of
the interconnected European power systems in the pieriod 2010-2020 [19]. The outcomes of this

" Remaining capacity: difference between availabl@egating capacity and load at the selected refeeenc
operating points calculated under normal conditions
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study can serve as a basis to anticipate the neesasne countries for new generation or, altereffiv
for strengthening the interconnections to ensuradmguate security of supply.

5.1.1 BALTSO Power Pool (Estonia, Latvia and Lithniz)

The countries of the BALTSO power pool will riskfaring of poor generation adequacy in the next
years following the closure of the last unit of d§jna NPP in 2009 (1300 MW) and the shut down by
2016 of the oil-shale units in Narva PP (948 MW).

The situation appears to be particularly criticaMinter peak conditions with a Remaining Capacity
(RC) well below to the Adequacy Reference MargifRfA) in the conservative scenario (Scenario A),
but also when adopting the best estimate scen@den@ario B) the RC will be below the ARM in the
mid-term. On the basis of the results obtainedha adequacy study, it is evident that the BALTSO
pool, which is presently a net exporter, will beeoam importing area.

In the best estimate scenario the poor generatlequacy is partially relieved after the year 2045 b
assuming the commissioning of new oil shale urtitdarva PP in Estonia, while it is assumed that the
existing oil shale pulverized combustion units widit work after 2015 to comply with the EU direetiv
on Large Combustion Plants.

Other remarks are the following:

- Estonig which is presently a net exporting country, maitdwards Finland, will become an
importing country in the period 2016-2020 unlessadequate number of new generating units
will be built. In this context, the envisaged comesioning of quite large amount of wind farms
(=500 MW in 2020 in Scenario A ard.800 MW) will not be helpful to increase the Rennagn
Capacity, being this form of energy non-dispatciabl

- In Latvia the future new generation is expected to be majab/fired CCGT plants (400 MW);
in scenario B also a coal-fired power plant in titnen of Liepaja or Ventspils is foreseen to be
built at 2016. An increasing share of RES is algpeeted, especially in scenario B (wind,
biomass CHP, biogas CHP, other small CHP and additihydro generation on the Daugava
river). Nevertheless, the RC for Latvia will be delthe ARM,;

- In Lithuaniathe generation adequacy is expected to be qude gdahe beginning of the study
period. In scenario A the situation will further i8en after 2015 considering the aging of the
existing Lietuvos Power Plant, built in 1962-190h the contrary, in scenario B the generation
endowment shows a RC higher than the ARM, sinceraéwnew CCGT plants are foreseen
together with a new nuclear plant expected tousked in 2018.

5.1.2 NORDEL Power Pool

The adequacy of the NORDEL pool has been analysedomparing the remaining capacity to the
regional load at reference time and by compariggrémaining margin in cold temperature conditions
to the regional peak load. Indeed, temperaturealmagjor impact on the demand and, hence, is thé mos
critical factor for the adequacy of the Nordic gyst Compared to normal temperature conditions the
demand can be about 5 % higher in cold conditi@msesponding to a probability of once in ten years.
Reference load corresponds to a probability of endeo years.

The outcomes of the study highlight that the detigeestments in power generation will increase the
remaining capacity to about 12% of reference loa@®l 3 After 2013 the two scenarios diverge from
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each other. In Scenario A the remaining capacityreses to 6% by 2020 while in Scenario B it
remains above 10% to the end of the study period

The remaining margin calculated as a percentagigegbeak load will increase from the current lenfel
1 % to about 6 % by 2013 and thereafter reducirgds ba the current level by 2020 in Scenario A and
remaining on the level of about 6 % in Scenario B.

No indicative Adequacy Reference Margin (ARM) acling to the UCTE methodology has been
defined for the NORDEL region. However, the comgami of the remaining margin in cold conditions
to some extent can be considered to corresponditoi@r approach

In conditions of reference load the remaining cépas such to allow power export outside NORDEL
By comparing the remaining capacity with the impant export capacity between NORDEL and other
power pools, we see that in both scenarios alllavai surplus cannot be exported to the neighbgurin
areas in reference load conditions, because ofsimithe NTC of the interconnectior®nly in peak
load related to cold conditions the remaining maigibelow the export capacity.

5.1.3 Germany and Poland

Germany belongs to the North Western UCTE regidmclvshows a positive difference between the
RC and the ARM. Generation adequacy can be fughkanced by adopting load management actions.
More specifically, in Germany the Adequacy Refeeemdargin and the Remaining Capacity area
balanced in both scenarios.

Poland belongs to the UCTE North Eastern regiorichvivill have a Remaining Capacity above the
Adequacy Reference Margin up to 2013. From 2013@&hthe margins become insufficient in the
conservative scenario “A” with many fossil fuel pla likely to get closed and fossil fuel capacity
decreasing —25% in the period 2010-2020. In thiseovative scenario, to keep adequacy at the édvel
2008, about 30 GW of additional Net Generating capahould be necessary before 2020.

Particularly, in Poland in the scenario “A” remaigi capacity decreases, as the result of
decommissioning caused by environmental constraintghe scenario “B” remaining capacity, in
general, remains at the present level: in this @tenpart of additional capacity derives from
rehabilitation activities, mostly connected withv&éanmental upgrading.

5.2 System adequacy at short term: winter 2008-2009

A description of the system adequacy forecast fiotes 2008 is reported in [20]. This report present
UCTE, UKTSOA, ATSOI, BALTSO and NORDEL TSOs' viewas regards national or regional System
Adequacy Forecast for the coming winter and polis#isi of the neighbouring countries to contribtde
the balance in critical situations.

The report shows that on the whole, no particut of shortage is expected for the winter 2008aund
normal conditionsFor Baltic Member States the report underlings tinder normal conditions, Latvia
has negative Remaining Capacity between weeks 48ati0may require imports to meet peak load
(with highest dependency in weeks 50-51 and 1-8jorita has negative Remaining Capacity in weeks
2-10 and may require imports to meet peak load
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Conversely, under severe conditions, due mainlpwotemperature or unfavourable hydro conditions,
the power systems might be stressed, especially W same periods are critical for neighbouring
countries as well

The most critical period is the annual winter ppakiod (usually December-January, except during the
holiday period), but in some cases it may alsorekt® February or even towards the end of March
under severe conditions In such periods, unfavdeirabnditions could reduce the export capabilities
from exporting countries and could lead to tigtiuaiions at the regional level. Among the Nordic

countries, Finland, Sweden and Eastern DenmarkhaWe a deficit under severe conditions, but the
total Nordic generation capability exceeds the #immeous peak demand.

In Poland the amount of potential power that mayba&lable of export in favourable conditions, may
be reduced due to congestion on the grid.



CESI

Report Approved Page 32/57

6 INTERCONNECTION PROJECTS

To alleviate the present fragmentation among theepsystems of the MS surrounding the Baltic Sea
and to allow effective power market integratiorsegies of interconnection projects have been pexpos
by the concerned countries.

For the optimisation of the development of crossdbo infrastructures a strong international
cooperation shall be warranted. Presently, planoih¢gransmission grids is coordinated within each
synchronous power pool, while new interconnectarsss asynchronous power pools are usually
studied on a bilateral level between the concewgmadtries. Nevertheless, such a limitation shall be
overcome following the set up of a ENTSO-E (Européketwork of Transmission System Operators
for Electricity) association, which among the vadoobjectives shall address a pan-European
coordinated planning. The set up of the ENTSO-Bd&aton is envisaged in the Third Energy Package
draft proposed in September 2007 by the EC [9]aAwoactive step ahead of the Third Legislative
Package draft, the Chief Executive Officers of 38dpean TSO companies from 31 countries signed on
27" June 2008 in Prague a Declaration of Intent tatera new association, ENTSO-E, before the end
of 2008. As a matter of fact, the new ENTSO-E aissiom has been created on"I@ecember 2008 at
the Brussels meeting by the Chief Executive Of§aar42 European TSO companies from 34 countries.
It is expected thatThe establishment of ENTSO-E will further strengti&0 cooperation in a number
of key areas, such as the development of techmindl market-related network codes, and the
coordination of system operation and grid develompywith the aim of enhancing the integration @ th
European electricity market, contributing to a sisable energy environment and ensuring secure and
reliable operation of the European power transnaessystem. ENTSO-E will work with a clear
mandate based on full consultation with Europeam@ission, Regulators and stakehold¢2s3).

Meanwhile, in the Baltic region the first joint nivkégional study has been finalized and is nowtsn i

final stage. The study is being carried on by tilWing transmission system operators:
o PSE Operator S.A. (Polish TSO, UCTE)

Svenska Kraftnat (Nordel)

Fingrid Oyj (Nordel)

Lietuvos Energija AB (Baltso)

AS Augstsprieguma Tikls (Baltso)

OU P&hivork (Baltso).

The study was started in November 2007 and thetsewill be issued according to the following

schedule:

* Phase 1: The first part of the multiregional sthdg been finalized and was published in February
2009 [23]. It evaluates the market-based long-tpraiitability of three interconnections from the
Baltic Members States towards Finland, Sweden atahB.

0 000D

« Phase 2: The multiregional work will continue dgriapring 2009 to assess the benefits of the
interconnections related to the improvement of #eeurity of supply. Based on the results
(combined with phase 1), a coordinated timetableb&i drawn for the new interconnections as well
as other possible reinforcements needed.
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« Phase 3: After summer 2009 the ENTSO-E regionainptey activities will begin. They will not be
based on synchronous areas any more but they evpebformed on a Baltic Sea level including all
Nordel and BALTSO countries as well as Poland amantany. All the regional plans will be
combined into ENTSO ten-year network developmeatestent, the first one of which will be
published in 2010.

The multiregional study above mentioned includes #ssessment of the investment costs of the
potential new interconnections, including other dezk grid reinforcements. However, it is worth
mentioning that the realisation of the evaluatecedtments requires a transparent market price for
electricity. The materialization of the estimatedmatary benefits requires that the Baltic markethie

to interact with other markets via power exchange.

For the justification and the prioritisation of tlieterconnection projects the full set of possible
alternatives shall be examinéttreening phase) by considering the whole regigalved in the energy
and power exchanges across a new interconnetha construction of a new interconnector can be
justified by several reasons among which:

« Enhanced competitiveness by pooling national/regji@hectricity marketsindeed, direct monetary
benefits for the market participants, i.e. bendétsconsumers and producers, is one of the stginge
driving force towards a better integration of natiband regional power systems;

e Security of supplyThis issue is indeed closely related to the jevione, since in a market-based
environment whenever the security of supply is egdeed regionally, the electricity price
differences also tend to increase. Smoothing mhfferences through new interconnections creates
in turn economic benefits to market participantdiiclr TSOs have to take into account when
assessing the socio-economic value of new intedors.

Additionally, within security of supply it worth calling the higher security margins attainable with
new interconnections to cope with the outage oegating units or network components: reduction
of the probability of energy non-supplied.

« Diversification of energy resourceand namely those less polluting (low carbon gdimra
resources): sustainability, through a higher patieln of RES.

* Trading of regulating power and ancillary services

One of the aims of the WG Interconnections is ngniie¢ identification of the main key drivers and

justifications for new interconnections among Battountrieson the basis of an accurate diagnosis of
the present situation (e.g.: existing or incipieahgestions, poor remaining generation capacitg) an
with reference to shared scenarios of consumptiohgeneration evolution (usually a baseline scenari
and a series of sensitivity against a number cdrpaters are considered).

This chapter gives a view of the proposed intereatian projects on the basis of the developmemtspla
carried out within each power pool and among theglBaltic pools (UCTE, Nordel and BALTSO). For
each project a qualitative description of the ealajustifications is provided. A more quantitative
analysis taking into account the overall costs€gtment and operation) and benefits shall be caoug
with common assumptions in order to prioritise phaiects
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6.1 Germany and Poland

UCTE worked out in 2008 a Transmission Developnt&an [5] having a time horizon ahead of 10
years, coherently with what foreseen in the ECtdvhthe Third Energy Package. The study addresses
specifically the needs for cross-border and intemeinforcements on the basis of a scenario of
consumption growth and evolution in the generagindowment in each UCTE country.

As for Germany and Poland, the study highlighted:

» the need for reinforcements of the transfer capd&stween Germany and Poland;
» anew interconnection between Germany and Norway;
» anew interconnection between Poland and Lithuania.

Moreover, the resumption of the existing and nadug50 kV line between Poland and Ukraine is
foreseen: It is worth mentioning that the re-ersatyon of this high capacity line is foreseen while
keeping a decoupling between the frequency of U@mé that of IPS/UPS of the CIS countries. To
maintain the decoupling of the frequency between tiho power pools, a back-to-back station is
envisaged in the Polish substation of Rzeszow %50 k

Fig. 6-1 shows the geographical locations of tleppsed cross-border reinforcements.

e e e A

Fig. 6-1 — Interconnection reinforcements propoaethe borders of Germany and Poland in the UCTE
Transmission Development Plan [5]
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Country

Country to

Substation

Substation

Status

Expected year of

Description of the Project

from

From

To

commissioning

2010/2011 (at

This project is the upgrading of an existing 220-dd&uble<€ircuit line into ¢
400-kV-line.

To ensure the desired enhancement in the NTC baetthegwo countries,
following the commissioning of the Neuenhagen (BBjierraden (DE) —
Krajnik (PL) corridor, a series of upgrading in tiewvest part of the Polish
transmission system have to be foreseen, namely:

- construction of the new 2-circuit 400 kV linesrafhik—Morzyczyn,
Krajnik—-Baczyna, Baczyna—Pita Krzewina arilydowo—Gdask

Part of project | the German Btonia, and 400 kV substation Baczyna, connectivggéxisting 400
Vierraden Krajnik in permission side) kV line Krajnik—Plewiska to the new substation Bgata,
Germany| Poland [400kV (now| 400 kV (now at|  process Overall project modernization of the 400 kV line Krajnik—Morzyczybenowo,
at 220 kV) 220 kV) (Germany after 2015 - switching from the existing 220 kV line Vierrad&majnik to 400 kV
side) according voltage level,
UCTETDP |- installation pf power shifting transformers inbstation Krajnik on
the line Krajnik—Vierraden,
- installation of power shifting transformers irbstation Mikulowa on
the line Mikulowa—Hagenverder.
TSOs in charge: VE Transmission (DE) & PSE Operg®b)
Financing scheme: for German part, financing viavoek tariffs; for Polish
side, financing via network tariffs or congestiemt (not yet decided)
. 3rd 400 kV interconnection between Poland and Geym@n the Polish
Eisenhiitten Baczyna/ Prepara'u(_)n N verall project side this corridor requires the construction okavi2-circuit 400 kV line
Germany|  Poland stadt 400 kVPlewiska 400 k /Gerrr;%réggde M| after 2015 (250 km).
TSOs in charge VE Transmission (DE) & PSE OpergRb).
o NORD.LINK
Germany|  Norway| - | - Feasibility study HVDC transmission system 700 — 1400 MW.
Modernisation and resumption of 750 kV Rzeszow (PKhmelnitskaya
_ (UA) OHL and installation of back-to-back 2 x 600M-converters in the
Poland Ukraine Rzeszow  [Khmelnitskaya Planning After 2010 Rzeszow 750 kV (PL) substation

750 kV

750 kV

TSOs in charge: Subject of decision.
Financing scheme: not yet decided
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Country Substation Substation Expected year of

Country to Status

I A Description of the Project
From To commissioning

1*'stage | 2010F28 ME Construction of 330kV

from

Lithuanian 2015 line Alytus - Kruonis
grid 2" stage| 201465 ME Construction of 330kV
reinforcement 2020 line Ignalina - Kruonis
1*'stage | 2009F166 ME | Construction of 400kV
2015 line Alytus-Lithuanian
border (double circuit)
Planning | Construction of
_ Lereonnector 2x500MW  BtoB
TSOs in y converter station with
charge: 2015 (PL- reconstruction of Alytus
subject of UCTE) substation
Poland Lithuanigl Elk 400 kV| Alytus 330 kV|  decision. o -
2015 (LT- 2" stage| 2014r95 ME C_:onstrucuon_ of 400kV
BALTSO) 2015 line Elk-Polish border
Financing (Alytus direction)
scheme: not 1*'stage | 2010F425 ME | Internal PL transmission
yet decided Polish grid 2015 grid reinforcement (for
reinforcement import of 600MW from
LIT to PL)
2" 2016-| 374 ME | Additional PL
stage 2020 transmission grid

reinforcement (for
power transfer of
1000MW)

Poland Slovakia| ~ Byczyna Varin under study after®01 | 2nd 400 kV interconnection between Poland and %iava

Tab. 6-1 Interconnections reinforcement at Germad Bolish borders according to the UCTE Transmisdi@velopment Plan [5] and information receivedfr®SE
Operator and Germany.
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Project justifications

¢ Germany-Poland: Vierraden 400 kV-Krajnik 400 kV
Increasing the NTC at the country borders is nedgeduse of:

very high volatile and unpredictable (more thaime hours before) flows caused by wind
generation in Northern Germany. To quickly achiamencrease of the NTC, in a first stage the
installation of phase shifting transformers is &men;

the increase of wind generation in Northern mdrGermany and insufficient capacity in the
German grid to force the flow southwards (quite load in Eastern part of Germany);

the widespread increase of wind generation ini@atea.

The new interconnection will also allow an enhaneemof security of supply in synchronously
connected power systems, especially in emergemegtisins in Polish or German (VE-T, but not only)
systems.

This project is directly related to the interconimt Neuenhagen-Bertikow/Vierraden on German side
(TEN-E project, ca. 130 M£). This line shall becooperational in 2010/2011 (permission procedure
started). VE Transmission aims at ensuring in paretie construction of the upgrading of 380 kV to

Poland (on German side: upgrading of 5 km, < 10.M€)

This project requires additional investments inigtogrid (see details in Tab. 6-1):

in a first stage, installation in substation Kikjon the line Krajnik — Vierraden of power
shifting transformers (PFs) and installation of R#so in substation Mikulowa on the line
Mikulowa — Hagenverder (55-60 M€, depending on €/é&loty exchange rate). The time of
commissioning depends on investments in Germanymifdsesioning 380 kV OH line
Neuenhagen — Vierraden) and upgrading (from 22@dX¥00 kV) OH line Vierraden — Krajnik
(this can be done very quickly , since the line &lasady been designed for the 400 kV voltage
level for most part);

in a second stage, construction of the new 2iititD0 kV lines: Krajnik — Morzyczyn, Krajnik

— Baczyna, Baczyna — Pita Krzewina angdowo — Gdask Btonia, and 400 kV substation
Baczyna, connecting of the existing 400 kV line jdita — Plewiska to the new substation
Baczyna, modernization of the 400 kV line Krajnikterzyczyn — Dunowo (PSE Operator has
already finished its analysis — the investmentsengjiures are not decided; there are some
options).

Further justifications for increasing the NTC a ttountry borders are related to:

relieve congestions caused by loop flows fromn@aty to Poland-Czech Republic and back to
Germany (see Fig. 6-2);

planned development of new generation in nortipant of Poland (base load and wind);

allow a higher penetration of wind farm genenatiao the area between Berlin and Poznan,
especially generated by wind farms situated in IN&#st part of Germany and North-West part
of Poland, besides a higher penetration of winceg®ion in Northern Germany, as mentioned
above.
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el

Fig. 6-2 - Physical energy flows in 2007 betweemnn@ay, Poland and Czech Republic (values in GWh)

¢+ Germany-Poland: new 400 kV double-circuit line Eiselittenstadt—Baczyna/Plewiska
The main justifications of this project are:
- smoothing the congestion level in northern andrsern PL-DE interconnections ;
- further enhancement of security of supply in $ypoously connected power systems,
especially in emergency situations in Polish orrzer systems;
- allowing a higher penetration of RES.

PSE Operator has finished grid analysis on Poiidé &onstruction of the new 2-circuit 400 kV line,
about 250 km, will be needed as well as some ujpygasf existing transmission assets).

On German side 13 km (30 M€) have to be upgradeWbyransmission. VE Transmission starts in
2009 with an extension of the 380 kV station ineBisiittenstadt (border town) jointly with a power
station connection project.

¢ Germany-Norway: new HVDC submarine link
The main justifications of this project are basad o
- market integration: coupling of the hydro-domathtNorwegian electricity system and the wind
and thermal dominated electricity system in norii&ermany;
- enhancement of security of supply (consequentieechbove point).

According to the Nordic grid Master Plan a high ipes cost-benefit has been found for this
connection. Additional costs of reinforcing theemal grid have to be investigated, and possible
Continental bottlenecks are not included in thdyeis

Statnett and E.ON Netz have launched a joint fddgilstudy for a DC cable between Norway and
Germany called NORD.LINK. The capacity of such avneterconnector is expected to be in the range
from 700 to 1400 MW. Statnett and E.ON. Netz intemfinalize their feasibility study by 2008.

A similar initiative for a cable between Norway af@@rmany has been launched by NordGer AS
between Norwegian producers (Lyse/Agder) and EWE if@any).

A cable between Norway and Germany is listed in EtBs programme for trans-Europe electricity
networks (TEN-E programme).
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¢ Poland-Ukraine: Rzeszow 750 kV- Khmelnitskaya 750 k
The justifications of this project, according tcetimformation provided by PSE Operator, can be
summarized as follows:
- import of cheaper energy from Ukraine to Polaintpbprted energy can be from nuclear source,
but not exclusiverly);
- to close the gap between the future Ukrainiangrawarket and the Internal Electricity Market
(IEM) of the EU with the target to allow the intatjon of the Ukrainian power systems with the
IEM;
- enhancement of security of supply in connectedigoosystems, especially in emergency
situations in Polish or Ukrainian systems;
The commissioning of this UHV interconnector wilk@ open the possibility for implementation of
TPA rules and market-oriented congestion managerfeenenergy exchange between Ukraine and
Poland

¢ Poland-Lithuania: Elk 400 kV-Alytus 330 kV via baeto-back (LitPol)
The overall justifications of this project can hersnarised as follows:
- integration of the Baltic power systems with theernal Electricity Market of the EU;
- ensuring security of supply in the Baltic region;
- better use of power resources in the Baltic Goesmand in UCTE.
More specifically, depending on the developmen@iv generation in the Baltic region, especially the
commissioning of a new NPP in Lithuania (i.e. Vis&ag NPP) and in North-East part of Poland, the
following benefits are expected:
» after commissioning of Visaginas NPP
a. enhancement of security of supply in the NoristBpart of Poland;
b. energy import to Poland and the IEM;
c. enhancement of security of supply in the intensmted power systems, but for
Lithuanian power system only in emergency situatjon
» after commissioning of Visaginas NRRd_new generation in North-East part of Poland
a. enhancement of security of supply in connecteaep systems, especially in emergency
situations in Polish or Lithuanian systems;
b. bi-directional energy exchange between systemsexport/import with better use of
power resources in the Baltics and in UCTE;
c. integration of Lithuania (and the rest of thdtiBaegion) into IEM
» without starting operation by Visaginas NBRd_with new generation in North-East part of
Poland(present situation after closing Ignalina NPP)
a. enhancement of security of supply in the intenected power system, but only in
emergency situations in Polish or Lithuanian system
b. use of the interconnector for cross-border potremsfer in peak-load conditions for
limited time.

It is evident that the LitPol interconnector shotie highest benefits when combined with the
commissioning of the new Visaginas NPFhe high annual market benefits of the LithudPddand
interconnection are also put in evidence by the tikégional study Market based analysis of
interconnections between Nordic, Baltic and Polamdas in 2025 [23] carried out jointly by the 6
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TSOs of the Baltic region. Moreover, this conclusi® also coherent with what stated by the EU gtoje
Coordinator, prof. Wladyslaw MielczarskiThe timetable for the power line construction skdobé
coordinated with the plans for a new Ignalina poyptant” [21]. In fact, the new interconnector will be
basically exploited to convey power from LithuatoaPoland, at least for a certain number of yetes a
the commissioning.

It is worth mentioning that both cross-border limedand-Lithuania and Poland-Germany are “projects
of European interest” according to the EC decidi84/2006. These projects are listed in the anmex |
the priority axis EL 7. Moreover, the interconneatiprojects between Lithuanian and Polish power
systems and between Germany and Poland are aadsasi“projects of common interest” according to
annex lll of the EC Decision 1364/2006 and areudet into the “quick start“ program.

Concerning the technical characteristics of th@adlitinterconnector, it is planned to construct alde
circuit 400 kV line Alytus (LT) — Etk (PL) with arpjected transfer capability of 1000 MW, i.e. up to
8 TWh per year could be exported or imported vighdine. For the implementation of this projedisit
required to build a back-to-back converter statmmar Alytus substation and an additional 330 kV
double-circuit transmission line Kruonis — Alytd& enable the full exploitation of the interconreat
capacity (1000 MW) a series of reinforcements makto the Polish grid are necessary (see Fig. 6-3)
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Fig. 6-3 Reinforcements needed internal to thedhadjrid following the commissioning of the LitPol
interconnector (source LEO LT AB)

8 Note: the upgrading (from 220 kV to 400 kV) of & line Ostrotka — Elk in the Polish grid can be needed for
the power export from Poland to Lithuania explajtithe full capacity of the LiPol interconnector (Bb grid
reinforcement subject to further analysis)
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¢ Poland-Slovakia: Byczyna 400 kV-Varin 400kV
Justifications of this project to be clarified:
- increasing of the power transfer capacity ongteathern synchronous profile, especially in the
export direction from Poland to Slovakia;
- enhancement of security of supply in connecteslgosystems, esp. in emergency situations in
Polish or Slovakian systems;
- widening the possibility of market mechanismstfade (energy and power) and balancing.
PSE Operator has started grid analysis (constructiche new 2-circuit 400 kV line and some, light,
upgrading of existing transmission assets in Pajr#t). Discussion between PSE Operator and SEPS is
going on (some investments in Slovakian systembwilheeded). Decision has not been taken yet.
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6.2 Estonia, Latvia and Lithuania

Fig. 6-4 shows the present structure of the trassiom grids of the Baltic Republics including the
interconnection lines with the IPS/UPS system &edHVDC link towards Finland.

N liste Tanypiio g ¥l asisaimi S N :
‘\‘i: (}Qijl—ielsmki far TeTpAgCER-.
he " = e
nkeo % i
il
RUSSIA ¢ Hosiopon ¢
o
A /v
Mo . e !
i X Gaimiers Alksna
L ATV
k ) A o \ f HOSO0COKONBHIKY
{1 Oskarshamn sotland, glgasHES ; =
ey o Scasols  FaDUHES | gpeekne
L = mquég‘qgwns : -
2Grobna ! Ly e ; As
i o 7 \smw \smdawu o
- = | J Paoma 4 RN /-
v e };/,R?:?)?.”“"‘ —4&florou
1 ke X £ D T
| Klaipoda . | e BELORUSIA
L LITHUANIA ‘39‘3 S
N N e |
L, laks W S
;;;; - o w
S / S kil Sedfilhing,
~ 7 A - KOS Vilaus «
’)Irr Zamowie q |
4 Geatsk r i . o \ *
f("ﬁﬁ(f S g E LA T .8 i
" Vieetoow kwg-««.:\m o5k X Froomme <X {
Bunown o = - Bapageam 330 A\~ 7

Fig. 6-4 — Transmission grid of the Baltic Republ{source [10])
The main characteristics of the ongoing and plampegbcts can be described as follows

* Estonia

According to the BALTSO Annual Report 2007 and B®LTSO Report “Baltic Grid 2025", a third
connection between Estonia and Latvia is planned.

The analysis of the interconnection between Estbatsia is now on stage 2 of the feasibility study
organized by Estonian Transmission System Oper@i80O) Pohivork together with Latvian TSO
Augstsprieguma iKls. Three alternative routes (right-of-ways) are peinvestigated and compared
economically for the Harku-Sindi-Riga 330 kV cootdand the results shall be ready by end March
2009. In parallel, a complete estimation of thads@conomic benefits (market analyses) has stamed
will be achieved by end April 2009.

After estimation of achieved results the pre-engjiimgy studies could be tackled. Next studies must
cover investigation of the cable seabed Estoniatvid and study of relevant DC technologies.

At the same timeAugstsprieguma iKls is planning to start designing the reinforcemehttle
transmission grid in the Western part of Latvia.isTproject must include 330kV overhead line
Ventspils-Liegja and the new 330kV substation Ventspils. Thismftement plan shall solve
reliability issues of power supply in the regiompyde reliable connection of new 400MW TPP in
Liepaja and planned on-land and off-shore wind power. aea of the land for the new 330kV
substation in Ventspils has been reserved to gat@istruction of the cable tie with Estonia aslasl
with Sweden, if a relevant decision will be madéeTabove construction must be completed by the
middle of 2015.
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The final investment decision can be taken aftengeting the economic and technical analysis of the
interconnector. Benefits of the line can be quadiin terms of socio-economic benefits derivingyir

a larger NTC The earliest possible completion é@aia 2020, considering the time for the selectién
the right-of-way, the authorisation process ancdeiteetion.

Moreover, a second connection between Estonia aridnid — Estlink-2 (from Pussi s/s in Estonia to
Anttila s/s in Finland with capacity around 650 M\ig) planned for the year 2012. This additional
interconnection should increase the reliability tbé Estonian power system, while decreasing the
dependency on Russia of Estonia and the other gesif BALTSO. In emergency situations it will be
possible to import a higher amount of power fronrdio countries. Furthermore, the enhancement of
the interconnection capacity will be helpful toegtate the future power market of BALTSO area with
Nord Pool. At the moment the right-of-way selectadrthe Estlink-2 is in progress in Estonian sitlee
arrangement for selecting the right-of-way for tleev HVYDC submarine cables is started as well.

* Latvia
In addition to the third interconnection with Edepra further HVDC interconnection is being propbse
between Latvia and Sweden (the AMBERGATE project).

The following possible routes of HVDC interconnectiLatvia — Sweden were considered in the
Assessment report prepared by AS Latvenergo andugStspriegumaikls (Fig. 6-5):

1. Ventspils — Norrkdping (390 km);
2. Ventspils — Stockholm (310 km);
3. Ventspils — Ygne — Oskarshamn (325 km);
4. Grobina (Liepaja) — Oskarshamn (300 km);
5

Grobina (Liepaja) — Nybro (325 km).

e
©

©
Uppsala

e P das Nt
N i
Karlskronal Siauly

Fig. 6-5 — Possible routes of the AMBERGATE project

The construction of new HVDC links towards Swedad/ar Estonia will require reinforcements of the
internal transmission grid in Latvia, namely thermor Grobina-Ventspils-Tume-RTEC1/2 as shown in
the following scheme.
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Fig. 6-6 — Possible new interconnections and netwemforcements in Latvia (source Latvian TSO)

* Lithuania
<see above the description of the Lithuania-Polaridrconnection project>

An interconnection between Lithuanian and Swed®hgr systems is proposed via a submarine HVDC
cable (~340 km). The interconnection would haveapacity in the range of 700 — 1000 MW The

possible connection points are Klaila on the Lithuanian side and Hemsj6 or Nybro an Skvedish
side (Fig. 6-7).

WTERCONECTION CROSS BECTION
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[
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Fig. 6-7 - Possible routings of the interconnectnject (SwedLit) (source LEO LT AB)

The Lithuanian TSO emphasises the “technical remdihof the power system on the Lithuanian side
(well developed and high reliable 330kV grid) andydupgraded by 2013 according to the development
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plan shown in the following one-line diagram (F&g8). Since no major additional investments in® th
Lithuanian grid are required, at the Lithuanianesithe interconnection project with Sweden can
technically be ready by the year 2014. A longeetimriod for the commissioning of this interconoect

is envisaged at the Swedish side, due to the ppa®edated to EIA, the authorisation process and the
land expropriation in Sweden.

ideali Flavinu HFFP
Grobinia Wiskali LATVIA

.  [raugawpilz

L0 TelSiai
.

/ Siauliai \"\ Fanevéiys lgnalinos AE
dlaipeda Utena el

FPuolodkias

Belorusskaja

Kaunas Smanganys

toeas g
//;’/
' Kruonio HAE
RUSSIA \‘M

Y T N Jurbatkas \
Y
Soie e -
Meris'f

| BELARUS

.I'_ halodecn as

* 230 kW substations
> Flanned 330 kY substations
[ | Existing poweer plants

Gardinas Existing 780 KW transmission lines

POLAND E:xisting 330 kW transmission lines
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Fig. 6-8 — Internal network reinforcements fores@ehithuania (source LEO LT AB)

On 29 June 2007 an Agreement was signed between LietEvesgija AB, Svenska Krafnat and
SWECO International AB “On preparation of Feasipitudy for an electrical interconnection between
Sweden and Lithuania”. The study addressed tedhmicanomical and environmental issues and was
achieved in March 2008.

Moreover, the Sweden-Lithuania link is one of theojgct considered in the Multiregional
Nordel/BALTSO/Poland Study investigating the marenefits at the year 2025.

A summary of the ongoing and planned project ioregul in the tables below.
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Country

Country to

Substation

Substation

Status

Expected year of

Description of the Project

from

From

To

commissioning

Economic, technical study and line route selediion
progress.

Harku-Sindi / Ventspils / pre- In 2020 at th
Estonia Latvia | Saaremaaislan| _’cnoPtS ! dengineering | <2 21 M€  IFinal investment decision for this connection naide.
330 K Riga 330 kV A earliest . . . .
Vv studies Designing of Latvian network reinforcements is plad to

start this year (2009).
Estlink-2 — capacity about 650 MW
Right-of-way selection in Estonian side is in

Estonia Finland Plssi 330 k]  Anttila 400 kVplanned 2012 g y i . PRy
The arrangement for selection of the right-of-waythe new
HVDC submarine cable has started as well.

Norrkdping/ Submarine HVDC link- Technology (LCC or VSC) to be
Ventspils or Stockholm/ chosen. Size in the range from 500 to 1000 MW.
Latvia Sweden sp Ygne- planned After 2018
Globina 330 kV
Oskarshamn
Nybro 400 kV
HVDC submarine cable 340 km
Capacity: 7061000 MW
Status of the project:
- SPV InterLinks, UAB created,;
- Cable route and connection point on Lithuaniale si
Lithuania Sweden | Klaipeda 330 kV Hemsjo or Planned 2014-2016 located;

Nybro

- Seabed survey initiated;

- Technical requirements for converter stationésisioy TSO
Lietuvos Energija

- Environmental impact assessment procedure started

- Land acquisition issues are being solvexdy for
converter station, ongoing for cable rojte

Tab. 6-2 —Interconnections reinforcements accordmBALTSO Annual Report 2007 [10]
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Project justifications

¢ Estonia-Finland (EstLink 2)
Main justifications of the project:
- integration of the future power market of thetBaMember States with Nord Pool;
- enhancement of the security of supply, partidylar the BALTSO area, thanks to possible
power import from Nordic countries in emergencyaitions;
- increased reliability of the Estonian power sgste
- decrease of the dependency of Estonian and d@b#ic republics from Russia power
supply.
The quantification of the market based benefitéviey from a second interconnection between Estonia
and Finland is highlighted by the multiregionaldstiamong Nordel, BALTSO and Poland.

¢ Estonia-Latvia (third interconnection)
Main justifications of the project:
- fostering the penetration of wind generationhe twestern regions of Latvia and Estonia
(Saaremaa island).

¢ Latvia-Sweden (AMBERGATE project)
Main justifications of the project:

- Improvement of the security of supply of Latvieansumers and improvement of the system
operation service provision. As a matter of facitvian power supply system has the most
negative balance situation in whole EU. Yearly impaf electricity are from 30% up to
50 %. Unfortunately, possibilities of the electiygburchases from the neighboring countries
will not increase. By the end of this year, Ignalinuclear power plant in Lithuania
(1300 MW installed capacity) will be closed downo Mew power plants to replace its
power are being constructed and will not be copgddl in the near future. Estonia is
gradually refurbishing and modernizing its oil-ghadurning power plants diminishing
installed capacity at the same time. In both thgaléic countries power export possibilities
to Latvia will be limited. Russia could provide k& with electric energy, but
interconnection between Latvia and Russia consfstsmie 330 kV power line only. Besides,
in Russia itself power transmission in the westdiraction is facing serious overloads and
bottlenecks;

- Integration of the future power market in thetBaMember States region with Nord Pool,
with overall lower average electricity prices angher competitiveness (this justification is
in fact common to the other interconnection altéwes EstLink 2 and SwedLit);

- Fostering the development of wind power genenatio

- Better exploitation of the generation endowmentatvia by transferring through the new
Latvia-Sweden interconnection the excess energyn frithe planned Kurzeme TPP
(coal+biomass) to the Nordic power systems if tlaekmt prices will allow for that;

- Improvement of the local security of power supiply)Kurzeme (western Latvia), especially
in the big transiting sea-ports of Liepaja and ¢gits;



CESI

Report Approved Page 48/57

- Lower risk of dependency of electricity imporofin Russia, who might exert the role of the
dominating power supplier and dictate the eledyriprices.

¢ Lithuania-Sweden (SwedLit)
Main justifications of the project:
- Development of Baltic electricity market and ieased competition (justification in
common with the other interconnection alternatizeti.ink 2 and AMBERGATE);
- Increased security of supply;
- Better utilization possibilities of Kruonis HPSP#O0 MW installed capacity) for balancing
load.
A further advantage of this project consists ofneed for major additional investments into grid at
Lithuanian side, thus diminishing the risk of delay the project commissioning. Moreover, the
Lithuanian grid has strong interconnections witliMiag Belarus and Russia, for possible regional grow
trade.
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6.3 Denmark, Norway, Sweden and Finland

In 2007 new interconnections and reinforcementhef éxisting ones have increased the transmission
capacity between the Nordic countries and Europk saveral projects are in the planning phase as
shown in the following map.

= Previously proposed
Fenno-Skan II (Cecided)
Graat Belt (Decided)

Nea - Jarpstrémmen [Decidad)
South Link [Decided) *

5

L5 I AN S

&

7

-1

Skagerrak IV (Letter of Intent)

= Proposals for possible

new reinforcements

Sweden - Norway (South) *
SouthWest Link

Sweden - Norway {North -South axis)
Crzkog - Fardal

Arctic region

_______________

L Y ———

COfoten - Balsfjord - Hammefast
' Combined in the "SouthWest Link"

Possible external reinforcements
(Mot pricritisad)

~--- Reinforcements requiring
additional analysis

S Fintand - Sweden

National reinforcements of
importance to the Nordic grid

O Cecided or planned

.
%3 Under consideration

Fig. 6-9 — Previous and new proposals for reinfonemts in the Nordic grid and to neighbouring system
(sourcel[6]).

REINFORCEMENTS BETWEEN SWEDEN, NORWAY , DENMARK AND FINLAND

The development of the Nordel grid is coordinatembiag the concerned TSOs, who periodically update
the Master Plan. The last Nordic Grid Master Plas heen issued in March 2008. A summary of the
already decided projects and the new proposalhéostrengthening of the interconnected Nordic rid
shown in Tab. 6-3. Further details are availabldeNordic Grid Master Plan [6].

EXTERNAL NORDIC GRID INTERCONNECTIONS

Denmark West- Germany

In February 2007 the trading capacity between WedBEnmark and Germany was increased from
800/1200 to 950/1500 MW MW respectively in the hésbuth direction. This is only the first step in a
joint grid project between E.ON Netz and Energtlietaiming at a considerable increase in the
transmission capacity during the next decade, eimpforcement of the Kasso-Hamburg corridor.
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Denmark East/Sweden- Germany

Energinet.dk, Svenska Kraftndt and VE Transmisdiawe recently achieved (May 2009) a pre-
feasibility study on Offshore Grid Connection at Kriegers Flak in thelt®aSed [26]. The Kriegers
Flak area in the Baltic Sea is well-suited for béfse wind power plants and in the pre-feasibilttydy a
total of 1600 MW future wind power generation cdpabas been assumed. The analysis addressed the
best connection schemes from the off-shore windchdato the onshore grids (Fig. 6-10). The basic
concept consisted of alassical solution where the offshore power plants are eated nationally:
three separate direct links from the national tmaiesion systems of Germany, Denmark East and
Sweden to Kriegers Flak. This basic solution wasmared with threecombined solutions where the
grid connection of the offshore wind power plantawd also function as an interconnector between the
three countries. The “combined” solution wouldtihg renewable energy to the European consumers,
strengthen the energy markets and increase theiseof supply by providing transmission capatity
[26].

The pre-feasibility study showed that the “combihedlution offers a higher benefit/cost ratio in
comparison with separate grid connections betwegegkrs Flak and the national systems. However,
for a final decision on this project a series opexds shall be deeply investigated concerning:
coordination of priority feed-in tariffs, balancingongestion rent, national support schemes of wind
generation, permitting and authorisation process.

As for the technological issues, the HVDC-VSC dolutlooks to be the most appealing, but multi-
terminal schemes adopting this technology haveeénbrealized yet and further developments on its
practical feasibility and standardisation shalcbasidered.

s iﬁdergsen
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Combined Solution
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Rgdsand i
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Lube%:m—gerrenwyk
Fig. 6-10 —Location and sketched connection of Kriegers Fldie thinner dashed line indicates the existing
connections between Sweden and Germany (BalticsCé&bburce[25], [26])

Norway — Germany
<see above the description of the Germany-Norwtgréennection project>
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Finland — Russia

The commercial capacity of the cross-border conmestis presently 1300 MW in one-way only, i.e.
from Russia to Finland. The Russian parties hawn beterested also in importing electricity from
Finland. Consequently, the TSOs have analyzednpiredrily how the present connection could be
converted partly into a two-way link. In the auturoh 2007, Federal Grid Company of Russia and
Finland launched a technical study to investighte gossibilities of bi-directional operation on arfe
the 350 MW HVDC converter bridges in Vyborg. Later, the Russian TSO has informed Fingrid that
development of a two-way operation is not a topisalie in the present situation. Hence, so far any
estimation isn’t available on the amount of enai@ye traded towards Russia and the costs related t
the conversion of the existing converter statiamsafbi-directional operation mode.
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Substation Substation
From To

Country
from

Expected year of

Country to Status

Description of the Project

commissioning

Sweden Finland Dannebo Rauma decided 2011 FennoSkan Il — HVDC submarine link
Sweden Norway |  Jarpstrommep Nea decided 2009 AC 400 kv OHL
Denmark | Denmark decided 2010 Great Belt — HVDC submarine link
West East
Letter of Earliest Skagerrak IV — HVDC submarine link
Norway Denmark ) Y
intent  |commissioning da
South Link (Sweden-Sweden) combined with the Stvdstern
Sweden | Sweden!/| Homby (South| Jonksping / | 4o .o unknown link (Sweden-Norway)
Norway Sweden) Oslo South Link will be realised with a 400 kV AC linehile the South-
West link will be a tri-terminal HVDC link with VS@chnology
AC 400 kV OHL to strengthen the Swedish-NorwegiantN-Saith
capacity and at the same time decrease potengatitg problems
Sweden Norway @rskog Fardal proposed unknown [rélated to cress-section 2 in Sweden.
The full benefits of this project can be achieveovided that the
new line Jarpstrémmen-Nea will also be commissioned
AC 400 kV OHL to face the expected increase in oamgion and
Arctic region Ofoten-Balsfjord-Hammersfest proposed unknown production in the region. New petroleum-relatedvétats are
expected and large wind-projects are at planniagest

Tab. 6-3 —Interconnections reinforcements accordimORDEL Master Plan 2008 [6]

Substation Substation
From To

Country
from

Expected year of

Status oS
commissioning

Country to
under
consi-

deration

Sweden /
Germany

Denmark

East unknown

Bentwisch

Bjeeverskov

Description of the Project

Combination of a new HVDC link between Germany, 8eareand
Eastern Denmark with the grid connections of ttampéd off-shorg
wind farms at Kriegers Flak replacing three sirtgyjeone common
solution.

Tab. 6-4 —Interconnections for Kriegers Flak prdjft5]
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ANNEXE 1

- Installed capacity in the Baltic region (annesbéet 1)
- International energy interchanges in the yeaf726Q@he Baltic region (annexed sheet 2)
- Past patterns of the international energy intemgies in the Baltic region (annexed sheet 3)
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ANNEXE 2.

Estimated needs of future NTC level in the Baltic Mmbers States and main bottlenecks in the
Latvian grid (source Latvian TSO).

The estimations of the expected congestions inidamd needed NTC levels have been derived from
the Baltic Grid 2025 study launched in 2007.

Main bo_ttlenecks
in Latvian grid

i

/o s i o Thishevic X ». Crmmeg :
I/ Wi Illl||L = ; ‘ D

Bottleneck No 1— Line No 309 Rezekne — Velikoretskaya. The omylihe between Latvian and
Russian power systems. Any type of maintenance@dant causes immediate bottleneck between two
power systems.

Bottleneck No 2 — Interconnection between Latvia and Estoniterbonnection is comprised of two
330 kV OHL but both of them are connected to th@es@30 kV substation Valmiera. Possibility to
loose whole interconnection as the n-1 case. Opagdt bottlenecks are frequent in the case of
generation redispach in BRELL electric ring, foaeple during the outages of Ignalina NPP.

Bottleneck No 3— Lines No 303 and No 320. Internal 330 kV linét.atvian power system being the
limiting factor for the interconnection between Wéem part of Latvia and Western Lithuania
(Pmax=1000 MW). Operational bottlenecks that aeguent and influenced by the total consumption of
the connecting regions in conjunction with the owtpf the Kaliningrad TPP, Kruonio PSP, and
operational state of internal 330 kV double cirdimé No 307 and No 308 in Lithuanian power system.
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Bottleneck No 4- Line No 450 Ignalina — 1ksna: one of the four tie lines between Latvian and
Lithuanian power systems. Bottleneck currently ede@ in simulations only after the commissioning of
the new power plant with the installed capacit@®0 MW on the site of the former Ignalina NPP.



