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1 EXECUTIVE SUMMARY
1.1 Regional investment plans as the foundation for the TYNDP 2018

The TenYearNetworkDevelopmertPlan (TYNDP) forelectricity is the most comprehensive andtap
date planninglocumenfor the parREuropean transmission electricity netwaakd isprepared by ENTSO
E. This planpresents and assesses all relevarttpaopean projectfor a specific time horizoras defined
by a set of different scenaridst bestescribe the future development and transitigheélectricity market.

The TYNDP is a biennial report published every even year by ENE&6d acts as angtial basis
for deriving the Projects of Common Interest (P{@s}.

ENTSOE is structured into six regional groups for grid planning and other sylteatopment tasks. The
countries belonging to each regional group are showigure 1.

Figure 1-1 ENTSO-E System Development Regions

The sixregionalinvestmentplans (ReglPs)are part of the TYNDP 2018 package and are supported by
regional and paituropean analysewhichtake into account feedback received from institutionsaihdr
stakeholder associations.

TheReglPs address challenges and system needs at the regiohal lexeare based dhe results of gan

European market study combined with European and/or regional network studies. They present the present
situation of the region as well asyfuture regional challengeandconsider different scenariosingatime

horizonof 204Q

Besidedllustratingthe challengeteading up to the 204ime horizonandthe proper scenario grid
capacitiedor solving these challenges, the gRBsalso show all relevant regional projects frim

TYNDP project collection. The befits of each of these projects will be assessed and presented in the final
TYNDP publication package later 2018.

Regional sensitivities and other available studies are included in theRedgllBstrate circumstancabat

arerelevant fora particula region. The operational functioning of the regional systamd the future
challengedacingthemare alsoassessed and described in the reports.
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Due to the fact that the ReglPs are published every second year, the Regional Invdatm2dit Pbuilds
on the previous investment plans and descidingshanges andpdates compared earlier publications. As
the ReglPs give a regional insight into future challengesntiemessages will also be highlighted in apan
European System Need report. The studies of the regiaradand the paiEuropean System Need report
are based othe scenarios described in genarioreport.

The ReglP will strongly support one of the main challengeisfENTSOE: todeterminghe most efficient
and collaborative way to reach #ikedefined targets of a workirigternalenergymarket and a stinable
and secure electricity system for all European consumers.

1.2 Key messages for the region

The electricity system in the Baltic Sea region is undergoing an unprecedented change as the electricity
generation structure is rapidiigcarbonisingindis simultaneouslybecomingmore variable according to the
weather.

Construction of renewable energy in the region has been accelerated by rapid technology development anc
national subsidy mechanisms. In particular, the increase in wind poaduction has reduced the price of
electricity. The energy surplus created on the market has lowered the price of eleatrititygprofitability

of traditional generation haalso weakened significantly, which has resulted in the closure of adjustable
production capacity. This development has reduced carbon dioxide emissions, but it has also increased the
risk of brownouts or blackouis parts of the region. At the same time, sodetfgpendencen electricityis
increasing. As a result, tipower systemof the future might be expected to provide even greater reliability

in order to safeguard the vital functing of society.

Large quantities of new renewable
energy generation are stillbeing
planned across the region, and thes
must be integratesluccessfullywhile
also maintaining security of supply
and facilitating an efficient and secure
European energy market. The
integration of renewables will further
replace production from thermal
power plants and the grid needs to
facilitate the flows to cover the deficit
at the load centres due to closure of
power plants and the growing flows
between synchronous are#s.order

to solve the challengesegarding
balaning the load and power
generation in all parts of the region in
the short and long terni particularly
whenthe powergeneration portfolio

Germany

is becoming

increasinglyweatherdependerit Figure 1-2 Key drivers of the Baltjc Sea region
further grid developmenis

necessary.
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Fromagrid development perspective, the main drivers within the Balticetgan areas follows

Driver 1: Flexibility i The need from other synchronous areas
A Further integration between the Nordic countries and thecontinent/UK

The Nordic system is likely toncrease the annual energy surplus (even if sonodearpower plants are
decommissioned), whicheanst will be beneficial to strengthen the capacity between the Nordic countries
andthe UK/continental Europe. This increases market integration as wélirtheing the value creatioof
renewables. In addition, for daily reguday purposes, it will be beneficial to further connect the Nordic hydro
based system to the thernteised continentalystemandthe wind-based Danish systemarticularlywhen

large amounts of renewables are connected to the contiisgatam.

Driver 2: Integration of renewablesA North-South flows

Based on the political goals of reduced@nissionsand based on the cost development of wind and solar,
further integration of renewables is expecteihin the Nordic countries. New interconnectors to the
continent/UK/Baltic States in combination with substantial amounts of new renewable gereap#idy is
increasing the need to strengthen the transmission capacities in thequhtldirection in Germany, Sweden,
Norway, Finland and Denmark. In addition, nuclear and/or thermal plants are expected to be decommissionec
in southern Germany, Sweden, Deark and Finland, which further increases the demand for capacity in the
northrsouth direction.

Driver 3: New consumption/electrification A reinforcements and upgraded level of security of supply

Depending on location and siZeigher power demand®ay also trigger the need farvestments in the
existing powerids. In the far north, the establishment of new pewtnsive industries such as mines, or
the switch from fossil fuek to electricity in the petroleum industry, could create a need for substantial
reinforcement. The general trengbgardingelectrical transportation, incréag power consumptioin the
larger citiesetc. will also puthefocus on how to secufature supples

Driver 4: Baltic integration A Security of supply for the Baltic system

Since the last Baltic Sea Regional Investment PI&015, the integration of Baltic countries with European
energy markets hasiade great stridewith the commissioning ofhe NordBalt and litPol link. Baltic
countries are now connected to Finland, Sweden and Poland via HVYDC connections.

For historical reasons, the Baltic States ewerently operated in synchraeity with the Russian and
Belarussian electricity systenthé IPS/UPS systemY he three Baltic TSOs are prepartogdesynchronise
from IPS/UPSandinstead tosynchronige with the Continental European Network (CEN) through current
interconnectioabetween Lithuania and Poland. Synchsation of Baltic countries witthe CEN will ensure
energy security by conneatito agrid thatis operated following common European rules.

Driver 5: Nuclear and thermal decommissioningd, Challenges to the scurity of supply

All nuclear power plants in Gmany and a substantial proportiontioé thermal and/or nuclear power plants

in Swedenbutalsoin Finland and Denmario a lesser extenare expected to be decommissiobg@030.
Furthemore decommissioning of thermal power plants, especially infféiolia needdtoac hi eve t he
climate targetsDecommissioning of both nuclear and therp@verplantswould lead to an increaseaikk
ofunevensupply Nucl ear power has many i mpor toatwilredqueeat ur
new geneation capacity, grid development, and further development of system services.
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1.3 Future capacity needs

The drivers for grid development described above are the basisddingfurther grid developmeat The

grid development needs the slort termcan be studied by analysing the current measurements, trends and
plans of produceras well aonsumption changes. The grid infrastructure is a-temg investment witla
lifetime of tens of yearsbuilding a new lingfor examplecan take a decad® more, particularly when
factoring inall the necessarglanningand permiting. Therefore it is important to be able to consider the
benefits of the new infrastructure in the long term. It is not meaningful to try to forecastutedsione

truthg because smathangessuch asn policies or fuel prices, can have a major impact on the resulging

of thefuture. To beable to analyse future capacity needs, three scenarios for 2040 have been developed and
the capacity needs areanalysed in all these scenarios. The potential chamgdé®th generation and
consumption are described in the first phase of the TYAROE8 procesduilding new scenarios f&025,

2030 and2040 and assessing systagedsfor the long-term horizonof 2040. As partof this work, cross

border capacity increases, which have a positive impact on the systeenbeendentified. A European
overview ofthese increases is presented in the European System Needs report developed BEBNTSO
parallel withthe ReglIPs. Identified capacity increasdspthwithin andat the borders dheBaltic Sea region,

are shown in Figure-3 below.

Increases of capacities from 2020 to 2040
Summary
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Legend =
=== Increases already identified in TYNDP2016
=== |ncreases beyond 2030 in only one scenario . . . . .
o Jiireases biyrd 03014 st Jenstd seanarios Figure 1-4 All project applications submitted to ENTSGE.

Figure 1-3 Identified capacity increaseneeds between
2020and 2040 and projects in the reference grid of
loSN.

1 dncreases already identified in TYNDP2016 orefers to the reference capacities of TYNDP2016 from 2030, which for some borders
had been adjusted for the TYNDP2018. Projects commissioned in 2020 are not included as capacity  increases.
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The system needs for the 204drizon are being evaluated with respect to (1) markegration/
sociceconomic welfare, (2) integration of renewables and (3) security of supply.

For the Baltic Seaegion the 204@eeds are mainly being t@eminedthrough:

9 Stronger integration Germa#Boland to increase markigtegration and to facilitate
decommissioningf thermal power plant® Poland

1 Further integration Sweddfinland to inceasemarketintegration

9 Further integration Norwaipenmark due to pricdifferences antb improve Danish
security of supplyuringhigh demand and low variable RES (wind and solar) periods

1 Further integration between Sweden/Denmark and Germany guieeadifferences and
better optiméation of RESgeneratior(hydro/wind) and

1 Further internal integratiowithin the Baltics, mainly due twoncerns with security cupply.

In addition to theséong-termincreases, the high wind scenario (Global Climate Action) introduces huge
wind powergrowth in the north of Norway. This scenario will lead to an increased capaeityin the north
south direction towards Finland, Sweden and Southern Norway. The edemai based on a total economy
review (grid+productionnvestments).

All of the scenarios beirgfudied include a large increase in renewable generatioa decreasén CO;
emissions, but without additional grid development the price spread betwdeast araas in the region would
exploce and some of the climate benefits would not be sedliThe benefits of increased capacities in the
scenarios are clearly visible in the market restiicreasing the capacities at the borders, as shofkigune

1-3 would have a significant impact dyoth the electrical system armh society.In summary,the main
benefits of implementing the identified capacity neéflthe scenario®end uprealising the sumnarised
results are shown below

f Up to 2700 argirhlcaests pddWh; i n m
13 to 77 TWh less curtaileshergy

Up to 60 GWh reduction in energy resrvec?

A 9 to 30 M reduction inCO, emissions.

E R

The needs for the regighat werediscovered in the PaBuropean System Needsalys$sfor 2040 are partly

covered by projectthat arealreadyon the assessment list fol¥ NDP 2018 (Figure 44). For some of the
corridors there is a gap between tiheeds for2040 and the projects beingsaessed in TYNDP 2018.
However, projects for the Balticand thoséetween SwedeandFinland, SwedeandGermany and Norway
andthe UK/continent coves someof the needs described above émetefore plugs some of tigaps

2 Energy not served without taking emergency reserves into account.
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2 INTRODUCTION

2.1 Legal requirements

The present publication is part of the TYNDP package and complies with Regulation (EZD)0B1Afticle
8 and 12, with stateshat TSOs shall establiskgional cooperation within ENTSE and shall publish a
ReglIP every two years. TSOs mmakeinvestment decisions based om fReglPR andENTSOE shall
provide a norbinding communitywide tenryear network development plamwhich is built on national
investment plans anthereasonable needs of all systasers andalsoidentifies investment gaps.

The TYNDP package complies with Regulation (EU) 347/2ft#& Energy Infrastructure Regulatéiihis
regulation defines new European governance and organiabsiouctures, whictill promote transmission
grid development.

ReglRs are to providea detailed and comprehensive overview on future European transmission needs and
projects in a regional conteahdto a wide range of audiences:

1 The Agency for the Cooperation of Energy Regulators (AGERfich has a crucial role in
coordinating regulatory views on national plans, presin opinion on the TYNDP itself and its
coherence with national plans, amldogivesan opi ni on on t hgojeEt€ 6s dr af

1 European institutions (EC, Parliament, CounttiBt have acknowledged infrastructure targets as a
crucial part of pafEuropean energy goavsll give insight iio how various targets influence and
complement eacbther;

1 The aergy industry, covering network asset owners (within ENFESi@rimeter and the periphery)
and system users (generators, demand facilities and energy semiganies);

1 National regulatory authorities and ministriéstt will place national energy matters in an overall
European common context;

i Organgations having a key functiorin disseminahg energyrelated information (sector
organisations, NGOs, press) for whom this plan servesm@sranunicatios toolkitg and

1 The generapublic,so that theganunderstand what drives infrastructure investments in the context
of new energy goals (RES, market integration) while maintaimingadequate energy system
adequacy and facilitatingsecure systemperation.

2.2 Scope of the report

The present ReglP is part of a set of documents (see Figlyredprising a first stejm composinga
Mid-Term Adequacy Forecast report (MAF), a Scenario report, a Monitoring report,-BuRgrean
SystemNeeds report and six ReglIPs.
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Figure 2-1 Document structure overview TYNDP2018.

Thegeneral scope @RegIP is to describe the present situation as welhgfuture regional challenges.
The TYNDP process proposes solutions which can teelmitigate future challenges. This particular
approach is based dnefive essential steps presed in the figure below:

Regional Market
capacity and
in- network

Description of the Future Regional

project

present situation regional

and scenarios challenges list
creases results

Figure 2-2 Mitigating future challenges i TYNDP methodology.

As one of the solutions to future challenges, the TYNDP project has performed market and network studies
for the longterm 2040 scenarios to identify investment needs, icrossborder capacity increases and
related necessary reinforcements of the internalvgnidh can helpo mitigatethese challenges.

This document comprises seven chaptengctv containdetailed information aheregional level:
1 Chapter Ioutlinesthe key messagdsr theregion.

1 Chapter 2 sets out the general and legal basis of the TYNDPiwaldtail and includes ashort
summary of the general methodology used by all ENNES@gions.

1 Chapter 3 covers a general description efghesensituation oftheregion.The futurechallenges of
the region are also presented in that chapter when describing the evolution of generation and demanc
profiles in 2040 horizon but consideringyad as expected by 202@orizon.
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1 Chapter 4 includes an overview of the regional needs in terms of capacity increatf&sraaith
results fromthemarket and network poisiof view.

1 Chapter 5 is dedicated to additional analyses carried out inside the regional group or by external
partiesoutside the core TYNDPBrocess.

Chapter 6 links to the differentaitional development plaiislDP9 of the countriesvithin theregion.

Chapter 7 containalist of projects proposed by promoters in the region gn-European level as
well as important regional projedfsat are not part of the European TYNDprocess.

1 Finally, Chapter 8 the appendix) includeshe abbreviations and terminology used in thbole
report.

The current edition of this Reglfdnsiderghe experience from the last processes including improvements
that weresuggested, in most cases,dbgkeholders durinthelastround ofpublic consultationssuch as:
1 Improved general methodayg (current methodology includes other specific factors relevant to
investigation of RES integration and security of supelgds)
T A more detailed approach to determgpdemand profiles for eactone
1 A more refined approach of demasidleresponse and electiehicles and
1 For the first timeseveral climate conditions have been considerezeds

The R@IP does not include th€ost Benefit AnalysisGBA)-based assessment of projects. These analyses
are presented in the TYNDP 20f&ckage.

2.3 General methodology

The present RéBs build on the results of studies calldte ddentification of System Needsyhich were

carried out by a team @&uropearmarket and network experts coming from the six regional graithén
ENTSOE 6 s el Pevdlopment Committee. The results of these studies have been conmuneanetin

some caselave beemxtended with additional regional studies by the regional groups to cover all relevant
aspectdor each regionThe aim of the joint study was to ity investment needs in the lotigrm time

horizon triggered by market integration, RES integration, security of supply and interconnection targets, in a
coordinated pafturopean mannewhich alsoaimstb ui | d on the grid p$anners

A more detailed description of such a methodology is available in the TYNDP 204BuRagean System
Needseport.
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Regional sensitivity studies

European market studies focus on market integration, RES integration and security gfvehifghetwork

studies identify additional (internal) capacity needs. Regional sensitivity studies of market simulations and
network studies allowhe capturingof additional views and model interpretations based on regional experts,
and in many cases congphenting the findings diDPsand/or passtudies.

In the Baltic Seaegion the member TSOs have cooperated to form regional sceadbsensitivities to
further studythe impact of specifigpotentialchanges in the electricity market on the benefits of capacity
increases in the regiomhe rmarket integration and security of supply perspesthae beenanalysedwhile

the regional scenario and sensitivities are described in Chapter@r&Zpecift interest for the regional
group is the impact of dry and wet years in the region. While the hydrological years are not setting gice level
in the parEuropean aredhe impact can be very significant fitie Nordic and Baltic marketasdetailed in
Chapter 4.4. The sensitivityanalysesdo not clash with the panEuropean analysg@stead,they provide
further insight intaheimportance of regional analyses imgunctionwith panEuropeamnalyses.
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2.4 Introduction to the region

The Baltic Sea Regional Group under the scope of the ENE S@stem Development Committee is
among thesix regional groupshat have been set up fognrid planning and system development tasks.

The countries belonging to each group are shown below.

f / R

£y ¢ ¥ &
a "4 .
ﬁe e‘ Continental Central East

Continental South East
' 2 e
a;r.
ﬁ’ ’
Cotrenal R =
’ -

g(d
Figure 2-3 ENTSO-E regions (System Development Committee).

Baltic Sea

Continental
South West
(J

/

The Regional Group Baltic Sea comprises nine countries, which areifisiadlle 21 along with
their representative TSO.

Table 2-1: ENTSO-E Regional Group Baltic Sea membership
Country Company/TSO

Denmark ENERGINET

Estonia ELERING

Finland FINGRID

Germany 50HERTZ GmbH

Latvia AS AUGSTSPRIEGUMA TIKLS

Lithuania LITGRID AB

Norway STATNETT

Poland POLSKIE SIECI ELEKTROENERGETYCZNE S.A.
Sweden SVENSKA KRAFTNAT

—————
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3 REGIONAL CONTEXT
3.1 Present situation

3.1.1 Thetransmission grid in the Baltic Searegion

The Baltic Sea regiois comprised oSweden, Norway, Finland, Denmark, Estonia, Latvia, Lithuania, Poland
and Germany. Within ik region there are three separate synchronous systdmsNordic system, the
Continental system, and the Baltic power systesnichis currentlysynchronous with the IPS/UPS system
(i.e. Russia and Belarus). The synchronous areas are illustrated in FigiMet8 thatDenmark is divided
between two synchronous areas: Denntzakt, which is part of the Nordic system, and Denrvddst,

which is pat of the continentadystem.

Synchronous area
Nordic
Continental Europe
IPS/UPS
== UK

HVDC interconnections

Existing

1 Skagerrak 1-4 1600 MW

2 Norned 700 MW

3 Konti-Skan 1-2  680/740 MW

4 Kontek 600 MW

5 Baltic Cab 600 MW

6 SwePol Lin 600 MW

7 Fenno-Skan 1-2 1200 MW

8 NordBalt 700 MW

9 Estlink 1-2 1000 MW

10V 350/1400 MW
600 MW
500 MW

13 Cobra (2018) 700 MW

14 Kriegers Flak Combined

Grid Solution (2019) 400 MW
15 Nord Link (2020) 1400 MW
16 North Sea Link (2021) 1400 MW

Figure 3-1 Synchronous areas and HVDC interconnections of the Baltic Sea region.

The Baltic countries are currently in the same synchronous area with the Russian IPS/UPS power system anc
have several AC connections Ioth Russia and Belarugiowever Latvia and Estonia haveo market
exchange with Russia. Interconnection capacities between the Baltic States are strongly depehdent on
operations ofnonENTSOE countries therefore there is political motivation in the Baltic States to
desynchrorsge from the IPS/UPS system asginchronse with the Europeasystem.

‘__M

ENTSO-EasstA Avenue de Cortenbergh

100

Brussels A Brd@egrtsoeeu Awwil.erhtsoeteu


mailto:info@entsoe.eu
http://www/

Regional Investment Plan 2C e n t S O@

Regional Group Baltic Sea

Transmission capacity plays a key role in addressing the future power system challenges. Adequate
transmission capacity allows farcosteffective utilisation of power, ensures access to adequaterggon
capacity, enablethe smoothexchangingf system services, and is kiya welkintegrated market. A cost
effective transition towards a green power systdapendsstrongly on the strength of the transmission
networks.

Many new HVDC interconnectas since 2010

Five new interconnectors have been commissioned since 2010, ldnehincreasedbtal capacityby
approximately3,350 MW. Threse new interconnectors d&agerrak 4 (Norwapenmark), Fenn&kan 2
(SwedenFinland), Estlink 2 (Estoni&inland), Nordbalt (Swedeikithuania), and LitPolink (Lithuania

Poland). The existing HVYDC connectiorswell as thadVDC connections under construction ahewnin

Figure 31. Four new HVDC connections are planned to be commissioned in the regiontdenesgt five

years. HVDC links from Norway tthe UK and Germany and HVDC links from Denmark to Germany and

the Netherlands aralsounder construction. The link between DenmBrk st and Ger many ( K
also connectBanish andserman offshore winthrms

The Interconnected HVAC network the Baltic Sea region is illustrated in Figure23and is also found at
https://www.entsoe.eu/mafhe Nordic andcontinentalsystemaitilise 400kV AC asthemaintransmission
voltage level and 220/130/110 kV AC as gwdmsmission voltage levels. the Baltic system, the main
transmission voltage level is 330 kV. The map in FiguBesBowghediverse level oNetTransfer Capacities
(NTC) in the Baltic Seeegion as ofFebruary 2017. The NTC is the maximum total exchange capacity in the
market between two adjacent praeas.

300 Eﬂ

L =

Sea

ngure 3.2 Interconnected network of the Baltic
region.

pra s o

Figure 3-3NTCs in the Baltic Sea region as of
February 2017.3

3 Source: Nord Pool, 2017.

15

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000 Brussels A Brd@egrtsoeeu Awwl.ehtsoeteu


mailto:info@entsoe.eu
http://www/
http://www.entsoe.eu/map/

Regional Investment Plan 2C
Regional Group Baltic Sea

entso®

3.1.2 Power generation, consumption and exchange in the Baltic Searegion

The totalannual poweconsumption in the Baltic Sea region is approximatelp@ TWh of which half is
consumed in Germany. The peak load is much higher in winter than in summer duetaveslthein the

Nordic andhigh share oélectric heating in Nordic ari8ialtic counties From 2010 until 2016, peak load has

only shown moderatgrowth in the regionwhile renewablegeneration capacitiasgreatlyincreasedas
shown in Figure 3. Thermal fossifuel-fired generating capacity has decreased in the Nadlintries,
while it has increaseith continental EuropeGerman nuclear phaseit isalsoclearly visible in the graphs.

The Continental and Nordic marketurrentlyhavesufficient thermaproductioncapacityto coverdemand
during periods of low proddion from intermittentrenewablesourcesor during dry yearswith low hydro
production. Currentlyall countries except Finland have enough capacity to cover peak load wigving

to import from neighbouringcountries. However, the trend in Lithuaniadabenmark is also towards

dependency on imports in peak |Igstliations.

Comparison Capacities 2010 and 2016

GW

250

200 —mm

150 -————

Total Installed capacities RGBS 2010

2%

6%

B NGCnuclear

W NGC Fossil fuels

B NGC Hydro power

B NGC Other renewable
energy sources
NGC Wind

NGC Solar

NGC Other sources

Total Installed capacities RGBS 2016

0%

B NGC nuclear

B NGC Fossil fuels

B NGC Hydro power

B NGC Other renewable
energy sources
NGC Wind

NGC Solar

NGC Other sources

DK

W NGC nuclear W NGC Fossil fuels

NGC Other sources W NGC Hydro power
NGC Wind NGC Solar

B NGC Other renewable energy sources  I2Max consumption (2010/2015)

Figure 3-4: Installed generation capacities by fuel type and maximum consumption in the Baltic Sea region in
2010 and 2016.
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The Nordic power system is dominated by hydropower, followed by nudeashinedheat andpower
(CHP), and solarrad wind power. Most of the hydropower plants are located in Norway and northern Sweden
andmost of thenuclearpowerplantsare locatedn southernSweden and Finland. During a year with normal

inflow, hydropower represents approximately 50%aofualeledricity generation in the Nordicountries
but variations between wet and dry years are significantNBoway, the variations can be almostig

TWh between a dry and wet year. Consumption in the Noaiiatriess characteged by a high amount of
electrical heating and energiytensive industry. The power balance in the region is positive in a ngeaual
butvaries significantly between wet/warm and dry/cold years. Sweden and Norwasrhevergy surplus,

whereas Finland has an energy deficit andiependent on imports. The development of generation and

demand in thdaltic Searegion is shown in Figure-5.

Comparison Production/Consumption
Twh 2010 and 2016

700

® Nuclear thermal W Fossil fuels

m Hydro net production Wind
Solar MW Other renewable

Non identifiable net production 12 Consumption

Total Production RGBS 2010

1% \0%

4%

B Nuclear thermal

W Fossil fuels

B Hydro net production

B Other renewable

Wind

Solar

Non identifiable net
production

Total Production RGBS 2016

1%

3%

m Nuclear thermal

W Fossil fuels

W Hydro net production

® Other renewable

Wind

Solar

Non identifiable net
production

Figure 3-5: Annual generation by fuel type and annual consumption in the Baltic Sea region in 2010 and 2016.

Power production in the continental part of the Baltic Sea region and the Baltic States area is dominated by
thermal power exce the Danish paer system, which is dominated by wind and other renewable energy

sources (RES). Consumption in the area is less tempetipendent comparedith Nordic countries.
Denmark, Poland, Estonia and Latvia have a neutral annual power balaimggan averaggear, whereas

Germany has a yearly surplus. Lithuamia the other hands currently operating with a large energy deficit.
The massive increase in RES generation in Germany has replaced pumtieetion buthasonly slightly
decreased fosdiliel-basdgeneration while significantlincreasingexpors.
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Physical energy flows
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Physical flow values in GWh

Figure 3-6: Cross-border phy5|cal energy flows (GWh) in the Baltic Sea region in 2016.

Thecrossborderflows in 2016 are shown irgure 36 and the development in crdssrder exchanges from

2010 to 2015 are presentedrigure 37. The krgest exchanges are from Norway, Sweden and Germany to

neighbouring countries, whikelargest increasm powerflow from 2010 to 2015 is seen from Sweden to
Finland androm Germanyto the Netherlandswhile a decreasis seerfrom Russia to Finland. In tHdordic
countries the flow pattern varies a lot from year to year as a result of varsdtidmydrological inflow as
2010 was a dry year and 20d&asa wet year. In weer years exports from Sweden and Norwayemuch
larger thanduring dry years.n addition,Finnish imports from Russia have decreased as a resaltek
market design in Russiavhich significantlyincreases the price of exports during peak honrgtactice this
haslimited Finnish imports to nights and weekends.
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BS Border Exchanges
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Figure 3-7: Cross-border physical flows (GWh) in the Baltic Sea region in 2010 and 2015.
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3.1.3 Grid constraints in the Baltic Searegion

Figure 38 illustrates the price differences between market areas in the Baltre@eaduring 2015 and

2016. The average amount of bottleneck hours between price areas is dependent on the weather condition
during the periodunder observatian2015 was a wet yeahroughoutthe whole Nordic region, which
increased the flow of electricity frothe northern hydraeservoir areas the south? A wet yearmeanghat

the annual amount of precipitation is higher than normal. The increased flow resulting from a wet year
increased the amount of bottleneck hours, for exarbpteveen northern Norway and &en. 2016 was also

a wet yeafor Norway butwasdrier than normafor Sweden andrinland?

Bottleneck hours with more than
5 €/MWh price difference in

Bottleneck hours with more than
2 €/MWh price difference in

2015-2016 2015-2016
=) > 25% || = >25%
=) 10% <=x<=25% || =D 10% <=x<=25%
= <10% = <10%

Figure 3-8: Percentage of hours with different market prices per market area border and direction.®

Some of theypical situations that can occur duegrid constraints today, which are also visible in Figuig 8re:

1 Bottlenecks between Sweden dfidland
1 Bottlenecks from Estonia to Latvia, from Sweden to Lithugamafrom Poland to Lithuania,
resulting in higler pricesfor Latvia andLithuanig
1 Grid issues iNorthern Germanyhich putslimits on ATCs between Germanyenmark an®&wedenand
1 Internal bottlenecks in Norway and Swegetichcan lead to lowr prices or even hydropower
spillage in cases of high reservoir levels and mflows, such as during a wet year in Norway

4 Source: Nordpoolspot. 2016. LandsRapport. Norge, Energi Féretagen. 2016. Kraflaget | Sverige. Vattensituation, Suomen
ympaéristokeskus (SYKE).  2016.

5 Source: Nordpoolspot. 2017. LandsRapport. Norge, Energi Foretagen. 2017. Kraflaget | Sverige. Vattensituation, Suomen
ympéristokeskus (SYKE). 2017.
6 Source: Nord Pool. 2017. Historical Market Data.

‘___”

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000 Brussels A Brd@egrtsoeeu Awwl.ehtsoeteu


mailto:info@entsoe.eu
http://www/

Regional Investment Plan 2C e n t S O@

Regional Group Baltic Sea

3.2 Description of the scenarios

The scenariog which the studies in this report have been performed are presented in this Efiraptere
expected changes in the generation portfolio of the remieaxplained beforethe panEuropean TYNDP
scenarios awell as theegional scenarsused intheregional sensitivity analysarepresented. The regional
scenarig arecreated and used in the studies to highlight the regional specifics and study sensitatities
hawe regional significance.

3.2.1 Expected changes in the generation portfolio

The main chages and drivers for the changes in the regional generation portfolio are explained in this chapter
as a basis for the regional scenarios. The challenges expected due to these changes are theroriaborated
Chapter 3.3. The main drivers of the changdbé Baltic Seeegion relate to climate policy, which stimulates

the development of moreE® and a common European framework floe operation and planningf the
electricity market The main structural changes in the Baltic 8&aon power system in the future relate to
thefollowing.

1 Increase in RE§eneration
0 The increased share of wind power and solar P¥eépowersystem
0 Additional wind powerwhichis located &rther awayfrom the load with large amounts
plannedfor constructiorin the northern part of thregion and
o0 PV capacityto bemainly increased ithe southern part of theegion
1 Reduction of thermal poweapacity
o Decommissioning of coal and oil shdieed powerplants
o0 Decommissioning of all nuclear power plants in Germangd®2 and
o Decommissioning of four nuclear reactors in Sweeéth a total capacity of 200
MW being decommissioned (2020
1 New large generatingnits
o0 New nuclear capacity is being built in Finland, with goaver statiorof 1,600 MW,
which will be commissioned in 2018 and anothiemtof 1,200 MW, which isplanned
for commissioimg in themid-2020s.

Growing share of variable renewable generation

The historical development of renewable generation is based on subsidies. Lower development costs,
gradually improved solar cell efficiency and increasingly larger wind turbinesawitbhemumber of fult

load hours will reduce the overall costs per MWhifoth solar and wind power. Wdready have situation

where solar power and wind powétrlocatedfavouralty, become profitable withouhe need fosubsidies.

This could potentially cause some changes in geographical distribution, as it would there leafitable

to develop solar and wind power in the locations with the best conditioribelodvest costs. For example,

there could be greater development in the Nordic and Baltic €gidnich hae some of the best wind
resources in Europ®evelopmat can proceedery rapidly, withsome market participanédreadyplarming

to build new windurbineswithoutsubsidies.

Nuclear phaseout continues in Sweden while Finland builds new capacity

Nuclear power in SwedeendFinland plays a key role in the Nordic power system. Annually, it represents
25% of the overall power generationthe Nordic countriedNuclear power deliversstable and predictable
baseload near consumpticentresand th& contribution during dry gars is important. Moreover, the power
plantscontribute stability to the Nordic grid, and many of the power plants are also strategically located in
areas where they can fully support the capacity of the power grid

\___M

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000 Brussels A Brd@egrtsoeeu Awwl.ehtsoeteu


mailto:info@entsoe.eu
http://www/

Regional Investment Plan 2C e n t S O@

Regional Group Baltic Sea

14 000
12 000 -
Nordic
Oskarshamn | & 2 )
10000 — Ringhals 1 & 2 —Fintand
. Forsmark | & 2 —Sweden
8000 Ringhals 3
z
s
6 000 Ringhals—4
Forsmark 3
Oskarsham 3
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Figure 3-9 Expecteddevelopmens in Nordic nuclear power capacityfrom 2016to 2050 used in the scenario building
based onan expected lifetime of 50 to 60 years.

What will happen with nuclear power in Sweden and Finland is a key uncertainty in the Nordic power system
andthe market. All of the current active reactors started operating between 1972 andvit&5s planned
lifetime of 50 to 60 years. Swedish nuclear power plants have been under financial strain in receloeyears

to low power prics, increased taxes arfdgh capital costfrom earlier investments in maintenance and
capacity extensiorAs a resultfour reactors with a total capacity aPR0 MW could be shut dowas early

as 2020. This meatisatenergy generation will decline from 65 TWh a year todappoximately50 TWh.
Furthermore, the Swedish enepplicy from the summeof 2016 includes the decision to remove the special

tax on output, which had a severe impact on nugewaer.

In Finland however, there is political suppdot further investnent in nuclear power. In 2014, the authorities
granted a licece to Fennovoimaor the construction o new nuclear plant in northern Finland called
Hanhikivi 1. This means that overall installed capacity for Finnish nuclear power will increase froim abou
2,700 MW today to a peak of almosbB0 MW after 2025. In Finland, Olkiluoto 3 will lmperationabefore

any older nuclear plastare decommissioned. Realisation of the Hanhikivi 1 NPP would keep nuclear
production inFinland at the preedecommissionindevel, but it will requireextragrid investments, as it is
planned to be built at a different locatiantheexisting NPPs.

Tighter margins in the power system after 2020

The Nordic power system has a positive annual capacity margin today andcisntiiiue to bepositive in
the long termalthoughless positiveduring colder periods anduring hours with high consumption. The
Baltic power systenon the other hand, hasegative annual energy balangasticularly inLithuania.

Weakerearningswill eventuallyleadto the phasingout andshutdownof thermalpowerplants,and thusthe
increased likelihood o rationingduring hours with high residual demand, especially in the Baltics. This
creates a dilemma. Howan aracceptable secuyibf supply at a reasonable cbstensure® So far, different
countries inEurope have chosen different solutions.

7 Oskarshamn 1 & 2, Ringhals 1 & 2 of which Oskarshamn 1 &2 has already ended the production.
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The UK and France haviaetroduced capacity marketsvifere adequate capacity in the power system is
secured by giving thermal power plants, and other providgoewéroutput, earnings in a separate market
or auctions outside the energy markets). Germany has chosen to letkbeseaurg¢heinvestments itself.
Thesedifferent solutions are most likely somewhat dependent on the actual situation. The UKdeday
tight margin andainextreme price peak, whereas Germany has significant suaghasity.

Reduced profits for ther mal capacity and flexibility

The Continental and Nordic marketurrentlyhavesufficientthermalproductioncapacityto coverdemand
during periods of low production fromtermittentrenewablesourcesor duringdry yearswith low hydro
production. The increasing share of intermittent renewables reduces both theandagafitability of
thermal plants, and a significant share of the thermal capacity will probabhut downThis will, in turn,
reduce the capacity margitné difference between the available generation capaniigonsumption) in the
day-ahead market andlill give tightermargins.

The high percentage of hydro production with reservoirs in the Nordic region provides large volumes of
relatively cheap flexibity, both in the dayahead market anduring operational howw In addition to
hydropower, flexible coal and gas power plants also provide botkalodghortermflexibility, thoughat a

higher cost than hydropower. Until now, the flexibility from hygtants with reservoirs has been enough to
cover most of the flexibility needed in Norway and Swedenwall asa significant proportiorof the
flexibility demand in Denmark, Finland arkle Baltic countries This has resulted iarelatively low-price
volatility in the dayahead market anth the balancingof costs. A higher market share of intermittent
renewables will be the main driver of increased demand for flexibility because the flexibility provided by
existing hydro plants is limited and thermal aeipy isdeclining.
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3.2.2 TYNDP 2018 scenarios and the regional scenario for 2030

Figure 310 gives an overviewegardinghe timerelated classification and interdependencies of the
scenarios in the TYNDP 2018 and shows the transition from the actual situation, including the time points
of 2025 and 2030, to 2040.

S

2020 2025 2030 2035 2040 2045 2050
Sustainable Transition Sustainable Transition
. . . External from European
Commission
ba5% #2.3% 553% 3% @ ENTSO-E/ENTSOG
Scenario
Distributed
CBG Generation Global Climate Action
. . . . & Total electricity
renewables
£39% N08% §43% A25% §51% #36% 575% #11.3% @ Totalgas
renewables
The EUCO Distributed
GBC scenario Generation
o ® @
§41% §22% §47% ¢5.1% 5% ¢6.7%

Figure 3-10: Scenario building framework indicating bottom-up and top-down scenarios.

Inthe scenario building procesw/o types of optimisatioareapplied thermal optimisation and RES
optimisation

1. Thermal optimisation optimises the portfolio of thermal power plants. Power plants that are not
earning enough toover theiroperating costare removed and new power plants laurit
depending on a cost and benefit analysis. The methodology ensurésamamdequacy of
production capacity in the systegiving a maximum othreehoursof energy not served per year
per countrfENS).

2. RES optimisation optimises the location of RES (B¥shore anaffshorewind) in the
electricity systenin orderto utilise the value of RES production. This methodology was also
usedn TYNDP2016 but has been improved by utilising higher geographical granularity (more
market nodes) and by assessing more cliyedes.

The abovementioned scenarios for tR@40timeframe cosist of a topdown approach and the data will
be derived from the 2030 database.

A more detailed description of the scenario creation is available in the TYNDP 2018 Scenari® Report

Furthermore, the following scenarios at the time point 2040 have tigtileghted:

@lobal Climate Action6 Scenari o
T h &lokial Climate Actiond(GCA) scenarids based on a high growth BESand new technologiewith
the goal to keep the global climate efforts on track with thé B0O50 target.

8 TYNDP2018 Scenario Report:  http://tyndp.entsoe.eu/tyndp2018/
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The GCA storyline considers global climate efforts. Glopaliciesregarding CQreductions are in place,

and the EU is on track towards its 2030 and 2050 decarbonisation targets. An efficient ETS trading scheme
is a key enabler i n the el etwtglobalEU degarbaisation @alicy s s
objectives. In geral, renewables are located across Europe where the bestndsdlar resources ate

be found. Asit is a nonintermittent renewablebiomethane is also developed. Due to the focus on
environmental issues, no significant investment in shale gapésted.

2025, EUCO (2030) and Global Climate Action (2040)
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Figure 3-11: Installed net generation capacities at the regional level in the dlobal Climate Action6scenario.

From the graph above we can see that solar is expected to be thegfastésjgeneratiortype in Germany
between 2025 and 2040. In tb#hercountries solar capacity increase accelesdtetween 2030 and 2040.

In Latvia and Norwaythe hydro capacity iV remain the largest source of electricity in terms of installed
capacity. The capacity of wind generation will increase rapidly in Germany, Denmark, Finland, Norway,
Poland and Swedeiftherefore installations of new big wind power plants up to 204@llrthese countries

are expected. In the Baltic Stateselar and wind developments aisoexpected. From 2025 thevall be

no more nuclear generation in Germany as all nuclear power pldhtsave been decommissionel.
decreasén nuclearpoweris also foreseen in Sweden and Finland up to 2040, but new nuclear developments
areforecasfor Polandin 2040.The new nucleardevelopmentsresignificantfor replacing some old fossil

fuel plants that have high G@&missions.

‘__ﬂ

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000 Brussels A Brd@egrtsoeeu Awwl.ehtsoeteu


mailto:info@entsoe.eu
http://www/

Regional Investment Plan 2C e n t S O@

Regional Group Baltic Sea

Newer, more efficiemt and carbomeutral generation plants aaso necessarfpr Poland power balance.
From 2025 up to 204other generation sourcesll be developed whiclwill also have a part to play the
power balance.

The O0EXEhaio

Additionally, for 203Qther e i s a third scenari o based on the E
for 2030 (EUCO 30). The EUCO scenario is a scenario designed to reach the 2030 targetS€@@aRE,
energy savings taking into account current national polgtiel as th€&erman nuclear phaseit.

The EC6 s E U GdBnardolas an external core policy scenario, created using the PRIMES model and the
EU Reference Scenario 2016 as a starting point and as part of the EC impact assessment work in 2016. The
EUCO 30 &ready models the achievement of the 2030 climate and energy targets as agreed by the European
Council in 2014 bualso includes anrergy efficiencytargetof 30%.

T h Sustainable Transito® s cenari o

T h Sustdinable Transiti@{ST) scenaricassunes onlymoderate increases BESand moderate growin

new technologiesn line with the EU 2030 target, but slightly behind the EU 2050 targdtel®Tscenario
climate action is achievelsy a mixture of national regulatisnemissios tradingschemes and subsidies.
National regulation takes the shape of legislation that imposes binding emmiasj@s. Overall, the EWvill

just be able to keepn track withthe 2030 targetswhile beng slightly behindts 2050decarbonisation goals.
However thetargetswill still beachievable if rapid progress is made in decarbonising the power sector during
the2040s.

\___H

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000 Brussels A Brd@egrtsoeeu Awwl.ehtsoeteu


mailto:info@entsoe.eu
http://www/

Regional Investment Plan 2C e n t S O@

Regional Group Baltic Sea

2025 and Sustainable Transition (2030/2040)
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Figure 3-12: Installed net generation capacities at the regional level in the Sustainable Transition6 s ce.nar i o

In the ST scenarjahe highest generation capacity increase is expéatee around 50 GWi Germany and
developments are being seen in solar, hydro and wind genekéfiilmhand solar generationill playavery
significant rolein the power balance in Germany up to 2040. All nuclear power plaititsGermany are
decommissionednd no new significant nuclear capacity developments are expected in the Baltic Sea region.
From 203Quntil 204Q asignificant share aheexisting coal and lignite power plants will have to be replaced
due to ageing, ahthe main replacement technoloigyPoland, in addition to renewabledg]l be CCGT. In
countries other than Poland, the maason foincreased fossil capacity between 2030 and 204 ®e due

to increasein flexible peaking capacity, which is categad inFigure 312 as fossil ga turbines, but can
actually be demand response, sherin storage or other similar sources of flexibility. Rapid capacity
increases itheBaltic States are not expectedoccur andthe power system balance will remain very similar
towhat it istoday.In the regiorin generalonly small wind and solar capacity developments are foreseen in
all countries.

T h éistdbuted Generationd s cenari o

T h eistidbuted Generatidn(DG) scenariocovers a very high growth of smalize and decentrakd
renewablebased energy generation and energy stopagjectsincluding an increasie new technologies in
related aresthat ardargely in line with both the E&) 2030 and 2050 goals.

In the DG scenarip significant leaps in innovation of smakale generation anesidential/commercial
storage technologies are a key driver in climate action. An increase inssaiallgeneratiowill keep the
EU on track taneet it2030 and 2050 targets. The scenario assuEssumedfocus,meaning that society
is engaged and empowered to help achieve a decarbonised power system.
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As a result, no significant investment in shale gas is expected.

Figure 3-13: Installed net generation capacities at the regional level in the @istributed Generationdscenario.

2025 and Distributed Generation (2030/2040)

B NGC nuclear B NGC Fossil fuels
NGC Other sources B NGC Hydro power
m NGC Wind Onshore NGC Wind Offshore
NGC Solar B NGC Other renewable energy sources

In the DG scenarigthe high solar and wind developments are foreseen in all couthtioegghouthe region,
given the high increasén domesticallygenerated solar power. The overall capacity incssaséermany,
consistingmainly of wind in adlition to solar, will be around 100 GW up to 2048daround 80 GWp to
2040in Poland All nuclear power plants in Germamyil be decommissionelly 2023, and nuclear capacity
will also bereduced in Sweden and Finland by 2040, as no new nuclear powervplaiis built in the
region after 2030. However, new nuclear power plants in Finland and Roaespected to bauilt before
2030. In the Baltic Statesolar developments are expegitandoffshorewind generation wilalsoincrease.
Fossil fuel generatiowill decrease iralmost all countries andG will come in place in the power balance.

Hydropower will remain an important part of the region's energy balaacecularlyin Norway, Sweden,
Latvia andFinland.
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3.2.3 Regional scenario 2030

This scenario is a compilation of the best estimate scenarios of the TSOs opertigBdtic Searegion.

The regional scenag@nd sensitivities have beealculatedo show the importance of dry and wet weather
years ando study the impact of more radical nuclear /andonventional thermal phaseits. Additionally,
theimpact of nuclear generation in Lithuania and additioniativgeneration developmenttine Baltics has
alsobeen analysed. The regional scenario was created for all countries in the region except for Poland and
Germany.However,Germany and Polanads well as althe other countries outside the Nordic and Baltic
region were modelled dvingfixedprices® The reason for this is that the approach used will provide some
more insights and regional specifics for Nordic and Baltic countries and not for continental; Euospe
issueswere covered inpanEuropean scenarios or in regional sensitivities in oReylPs. The scenario
contains somewhat more renewables and somewhat less fossil generation contpar8d2030scenario

The aim of the regional scenario is to be able to model the region with some additional detaityehat
excludedfrom the panEuropean analysei# orderto capture the specific behaviour of the regiand
moreover to perform sensitivity analyses on important parameters. An overview of the installed capacities
in the scenario is displayed in Figurd 3.

2025, 2030 Sustainable transition (ST) and 2030 Regional Scenario (Reg)
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Figure 3-14 Summary of the regional scenarios compared to 2025 best estimate and 2030 sustainable transition.

Regional specifics

The region is charactedadby a large share of hydropower with annual seasonal storage capabilitgila

large share of temperatudependent consumptiorin particular, the hydrological inflow changes
significantly across thgears. However, the demand (temperature) and wind ppweluction also vary
significantly. Figure 35 illustrates the variation in the region for weather ydsom 1980 to 2012.
Hydropower production varies the mosith an approximately90 TWhdifferencebetween the driest and
wettest weather years. Thead that needs to be satisfied by thermal generation and imports (residual load)
varies even more since a dry year is usualbp cold with high demandand low RES generation.

9 Continental countries were simulated in the BID market model in a scenario cl ose to ST 2030 and resulting hourly prices for
all 33 weather years were used for countries adjacent to the Nordic -Baltic region (Germany, Poland, the Netherlands and
the UK).
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It is typically during the most extreme years weathise where the neeébr interconnection capacity is
most significant. Therefore, it is needed to use a large range of different weather years to analyse the
transmission needs in the Baltic $egion.

Variation between weather years [TWh

450 | NITNIN e

== Tot Hydro [TWh]

e
F 200 IS s anand = Tot demand [TWh]

150 = Tot Wind+PV[TWh]

[ — s Residual loagTWh]

1 6 11 16 21 26 31
Weather year

Figure 3-15 Variation of demand, hydro RES, and residual load (demand-hydro-RES) in the Nordic and Baltic
countries in for the Regional Scenario 2030 for weather years 1980 to 2012 sorted from the year with the
greatest residual load to the year with the lowest.

T h eRediced Nuclearbdsensitivity

In the Reduced Nucleérsensitivity it is assumed that some Swedish nuclpawer plantswill be
decommissioned prematurely comparethbase caséor theRegional Scenario 2030. This could happen
as a result of national regulatioor thatany necessarseinvestmentsvill not be profitable for the owners
who could decide to decommission thesenfdanstead. In Finlandome of the new projectsineRegional
Scenario base caseerenot built.

Table 3-1: Changes in nuclear capacities in the &Reduced Nuclearbsensitivity

Country Nuclear capacity (MW), | Nuclear capacity (MW),
Base Case sensitivity
Sweden 7142 3310
Finland 4560 3360
Lithuania 0 0

This sensitivity was analysed in two ways.

1 One caseould bewhere the capacity was just removed from the basewigis@o otherchange.

1 However, aghis would lead to aignificantly higherprice level in the Nordic countrieghere more
production would be profitable without any subsidmsre production was addednsisting mainly
of wind power. Alspsome thermal plants thaeneassumed to be demmissioned in thbase case
wereassumed to stilbein operation
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Sensitivity ALow fossil fuel prices and reduced

In this sensitivityit was assumed that fossil fueland{Or i ces di d not rise Signi
However the same development of renewable generation as in the base case was assumed. The low fue
prices result in low wholesale prices on electricity, which affects the profitability of produtitioas
assumed that RES would be driven by subsjdied ha@ce, they couldbe on the same level as in the regional
scenario base case. For condensing thermal plants, the lower fuel aant€alone wilhotbesignificantly

affecied since this will bwer their costs as well. However, for thermal baseload production suits as

CHP and nuclear plantthe low electricity price will reducetheir profitability, therebyaccelerahg the
decommissioning of those plants. The accelerated decommissadriireymal and nuclegalantscould lead

to issueswith supplyandcouldchangeheneed for new transmissicapacity.

Table 3-2: Changes in fuel and emission prices in the d.ow Fuel Pricedsensitivity

Regional Low fuel
scenaric price
Fuel/emissiors Basecase | Sensitivity
COx(EUR/tonne) 28 5
Coal (EUR/MWHh) 9 4.5
Gas EUR/MWh) 22 18
Table 3-3 : Changes in ther mal capacities in the ALow f
Country Reduction thermal (MW) Nuclear
Denmark -1500 0
(Bio 510 Coal620, Gas 120, Oil 250)
Norway 0 0
Sweden -730 -1400
(+400 Gas1130 Bio)
Finland -600 0
(Bio 500 Peat 100)
Estonia 0 0
Latvia 0 0
Lithuania 0 0

Sensitivity NPP in Lithuaniad

There have been plans for a new nuclear plant in Lithuania, which warkla big change for regional
generation adequacws Lithuaniacurrently imports more than 60% ofts electricity to cover national
demand. A new unit with a capacity B850 MW coud have a large impact on the relatively small Baltic
marketboth in terms of adequacy atite need for additional transmission capacity. Currentg nuclear
power plant project in Lithuania &atig and will not be operati@hbefore 2030.

Sensitivity @altic offshore wind farmsé

Large amounts of new wind capacity in addition to what is expected in the base case coolddspassible
development, as the Baltic countries in the base case would have a large deficit agitegtephices in the
region. Further, the Baltic countries also depend on imports frolENGISO-E countries. In this sensitivity,
1,000 MW of additioral wind capacity was added in both Estonia and Lithyaamd trading possibilities
with nonENTSGE couriries were removed. Such developnsaduld affect the need for both transmission
capacity within the Baltics as well as to otheuntries.
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3.3 Future challenges in the region

The changes expected in the generation portfolio of the power system desatibegt&3.2 are challenging

the system operations. Expected changes are increasing the vadbtjeneration according theweather,

the decreasing adequacy of genemtim situations with low RES generatiothe increasing size of
contingenciegheincreasingiumberof contingencies with high impacandthedecreasing amount of inertia

and fault currentin situations with high RES generation. For all these reasons, there is a need for more
flexibility to keep the energy balance and systemlstaball times. In the subchapters below the market
challenges (3.3.1), grid constraints (3.3.2) and systemmitadichallenges (3.3.3) in the Baltic Sea region
due to changes in generation portfolio idustrated.

3.3.1 RES extension without a new grid would cause problems for the electricity market

The ENTSGE European Market aribeNetwork Study Teams have carriedgt simulations of all three 2040
scenarios (Sustainable Tsition Global Climate Action and iBtributedGeneratio with the expected grid
of 2020. Even if these simulations were somewhat artificial (in the real world, the marke¢grid develop
in close interaction with each other), the study revealed future challungess:

9 Poor integration of renewables (high amounts of curtaleslgy)
1 Security of supplyissues

1 High CG emissions

1 High price differences between market areasl

1 Bottlenecks bth between and within marketeas

The graphs in Figure-B6 show the results of the simulations and illustrate the extent of the challenges if the
grid would not be developed in conjunction with the generation portfolio. These figuresdadla in full
size and per scenario in the Appenglik.1.

RGBS, Curtailed energy RGBS, Unserved energy RGBS, CO2 Emissions [ktons]

1686606
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+ Avg. 2040 with 2020 grid (all scenarios) + Avg. 2090 with 2020 grid {all scenarios) + fvg. 2040 with 2020NTC {all scenarios)
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Figure 3-16: Span and average of curtailed and unserved energy, CO2 emissions, marginal cost yearly average
and hourly differences of marginal costs in RGBS Region in 2040 scenarios with 2020 grid capacities.

Theabovegraphs shovihe average results and ranges of simulations of three different climate years for all
of the three longerm 2040 scenarios. Adif thesimulations have been carried out by several market models
and the results should be compared with the similar chai@hapter4, showing the 2040 market data
simulations combined with an appropriate 2@4@nar grid.
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When comparing theesultswith 2020 grid capacitiewith 204Gscenario capacitieft can be clearly seen
that increasing the gricapacityhelps to incrase integration of renewables while maintaining the security of
supply onagood level and the price differences on a moderate level.

Thermal decommissioning challenging the security of supplly the need for flexibility

The main challenge with increasedlas and wind power is the substantial variasion total power
generation. On the one harle availability of intermittent generation could be very low for relatively long
periods, even when we consider the overall contribution fotmar parts of Eurpe. This is seen in the
previous figureshowinga high level of unserved energy in some partshefregion. Without the grid
development, the flexibility possibilities of large hydro reservoirs cannot bsedtiid serve the RERased
system. More transigssion capacity between areas clearly contributesriore effective integrain of solar
power and wind power, as can be sedmen analysinghe results witltheincreased capacities Bection
4.2, but it may not be enough by itself. There will alsodeeed for flexible thermal generation, demand
response and different types of energy stosamh adatteries, powero-gas or hydrogen.

The unserved energy simulations revealed the security of supply issues without grid development after 2020
particulaly for Germany, Poland, Lithuania and Denmarke reason for this situation in Polandligeeto

very high demand growth (around 2#bnually and pressurt reduceCO; emissiors, as most of its power
generation is currently based on coal and lignite. The evolution presented in scenarios from coal and lignite
generation to gas and nuclear generation is uncertain and requires adjustment in generat®io gattem

the high demand of Poladiringcertain hours. InGermanytheabovementionedsituation can be explained

by thehigh growth of renewable power-feedng in the northern and nortsastern part of Germany @n
increasing electricity demand in the somisternpart of Germany in line with thenergy turraround. The

energy deficit in the southern part of Germany will rise with the shutdown of nuclear power stations until
2023.Thereforearadical overhaul of thgrid in the nortksouth direction i:iecessary

Very high reduction in CO, emissonsi grid constraints can still limit the reductions

All the scenariosssumerery high reductiosin CO, emissions comparealith today.Therefore, ifthe grid

is not strengthenedhensome of the available G@ree productiorwill be scrappednd replaed by fossil
fuel-basedproduction in other arsaSince 2040 scenarios also prefer gas over coal in thermal meritarder,
reduced gridcapacity willresultin higher coalbased productiotevels, whereasan extended grid would
promote gatased production angill reduce CQemissions.

Wind energy curtailment is mostly seen in Germany, Denmark, Norway and Sweden. The wind penetration
levels are expected to be highest in Germany and Denmark, while someuwtailed energin Sweden and
Norwaycan also be due to challenges withdellingthe flexibility of hydro reservoirs isome ofthe market
simulation toolsbeing usedWind energy curtailment in Denmark is mostly due to @ thatthe grid
situation n the southern part of DKmakes it necessatyg curtail wind powerin DKw. Curtailment in DKe

is due to either an internal outaigenorthernpart of the grid or is dueto impors from Germany because of

its surplus of wind energy

Germany and Poland hathe largest fossil fudired power plant capacity in the region, whichnslatesn
the figuredn high CQ emissionon average and in extreme weather year and scenario

Grid constraints limiting the functionality of the region-wide market

Thehigh price differences seen in the 2040 simulations without grid reinforcements reveal that a lot of time
the market is not able to uté the cheapest generation available in the region due to inadequate development
in NTCs between market areas. The higice differences between Finland and Swederbahseerrinland

and Norway irthe case othe 2040 scenarios and 2020 grid will significantly converge wigbuilding of

the planned third 400 kV AC line betwetre FI and SE1 price areas. Fingrid angeBska Kraftnat are also
looking atreplacing the existing Fenstekan lline, which will reachtheend ofits lifespanaround 2027. The
marginal costs differences the northern directions of Poland the2040 scenarios arttlegrid in 2020 are

due to dack of planned croslsorder capacity increase on {PIL
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and a potential future link between D&Kand PL, which will havea positive impact on price difference
reduction.

The very high prices in some of the 2040 scenarioswith a 2020 grid indicate that without new
interconnections, the new generation in the region would probably be buiitdouhtrieswith the Hghest
prices, despite operating conditioios wind and solar being bettefsewhere. Investment in new capacity
depend on thecost and income for new thermal plantstie 2040GCA scenaripthe CQ price isset at
above 100 BR/tonne andwill give a high averagepricelevel. However, running hours for thermal power
plants are generally reduced due to Ipgbportionof renewalesin the energy mix

3.3.2 Reinforcing national grids needed to serve the change towards CO; free generation
portfolio

Figure 317 showghenetwork study results of the 2040 scenario marketidgitkemented ira 2020network
model.The uppeteft mapshowsthermalcongestion®n crossborderlines.In generalthe interconnections
are challenged in the 2040 scenarios by largena@volatile flows andon greaterdistance flows crossing
Europe due to intermittent renewable generation. The other mapsastemafor internal reinforcements in
the three scenarios (2040) for some of the same reasons as for theocdessconnections aralso to
integrate the considerable amount of additional renewable power generation.

Future Challenges on AC borders | Internal reinforcements needs/in scenario
Baltic Sea region “Sustainable Transition 2040"

\

Internal reinforcements needs'in scenario Internal reinforcements needs/in scenario
“Distributed Generation 2040 “Global Climate Action 2040”

Figure 3-17: Grid constraints in RGBS Region in 2040 scenarios with 2020 grid capacities.

The screening indicates a bottleneck on the {3lkeborder, because of increased market flotea2040
level, which is more thatme current (2020) NTC for this border. Because ok#same reasonborder EE
LV is constrained in this scenarmd themarket scenario for 2040 has increased flowh&EE-LV cross
border. According to market studjéise main trend of power flow is frothenorth Nordic tathe south Baltic
Statesandto Lithuania, which is thenostdeficiernt countryin the Baltic States. Currentlihe EELV cross
border ighemost overloaded arths itsveakest point in the Baltic Statd$hereforeadditional crosdorder
reinforcements necessary.
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In 202Q there is alreadg planned new interconnection line the EE-LV crossborder which will increase

border capacity and reduce overloads, but further ¢yos$er EELV capacity development isevertheless
the mostfavourableoption Some internal reinfomments for 2040 market flows withe 2020 network are
also needed in Estonia and Latviut together with the development thie 3 interconnection between
Latvia and Estoniamany internal overloadsustbeeliminated.

The 2040 screening indicates thiae 2020 level grid in Sweden might not be sufficient to rtie=040

level market flows. Thus, some internal reinforcement needs to be done between 2020 and 2040. However,
within that time periodseveral internal transmission lines Willve tobe repaced due to aing, which will

result in more internal capacity.is impossible to sagt this stag&hetheror notthe capacity will be enough

to meetthefuture market needsf 2040. In Finlangdamoderate increase morth-south capacity is needed in

all scenarios to deliver the wind power producfimm the rorth totheload centres ithe southerrareas

3.3.3 Technical challenges of the power system due to physics

Technical challenges brought forward by increaeeRES generation, which are identified by TSO
experts are discussed in teisction including:

1 Frequency stability issugdue to reduced inertia increased ramping and laagingencies

1 Voltage stability issueslue to longer transmission paths aeduced voltage control near
load centresand

1 Angular stability issueslue to reduced minimum sharircuit currenievels

New interconnections are part of the solusidor providing flexibility, while other solutions such as energy
and electricity sttage and demand response can also be part of the solution to balancéesetzdgroma
dynamic stability perspectiyéhe flexibility needed to keep the power system running when penetration of
synchronous machines is reduced can be provided by dongr&®ES generationusing fexible AC
transmission (FACTS) devices, contirmdy HYDC links andusingsolutions such as dynamic line rating and
special system protection schemes. Decsdadgeertia, shorcircuit power and voltage regulation néaad
centresareafew of the main issuetiat musbe solvedasthe generation portfolio is bemng increasingly
CO:free.

Increased ramping

Another issue that emerges when adding large amounts of intermittent generation to the system is that chang
in residual load from one hour to the next can be higher when the load ramps up at the samERe
generation ramps down. Figurel8 shows the maximum ramping in the 2040 scenarios. Compared to the
peak load andhe installed flexible capacitythe futue ramping rates will belifficult to cope with. Grid
reinforcements will be a part of the solution for this issue since the rampioigtotal renewable generation

is less than the sum of the renewable rampioon all areasince renewable generationgmt ramp up in one

area at the same tinas anothearea ramps down.

The following chart shosithe 99.9 percentile highest hourly ramp (up and down) of residual load. This
residual load is the remaining load after subtracting the production of vaR&Se(wind and solar
production). Againtheresults are presented for every country as previously mentioaethe average and

the maximum values irthe rangesfor all simulations for the three different climate years and the three
different longterm D40scenarios.
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Figure 3-18: Residual load ramp rates in RGBS region in 2040 scenarios with 2020 grid capacities.

According to the simulations, very high ramping rates comparéktgize of thesystem will be seen in
Denmark, Norway, Germany and the Baltic countries.

Decreased inertia

One of the major challenges identified is the decrease in inertia when synchronous geneledieasing,
and converteconnected generation is increasimighin the system. Inertia is the kinetic energy stored in
the rotating masses of machinasd thenertia ofa power system resisthe changen frequency after a
step change generation or load. FigureI® showdhe impacf changen inertiato afrequencyresponse

of the system after loss géneration.
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Figure 3-19 On the left, the effectof the amount of kinetic energy (inertia) on the behaviour of frequency after a loss of
production with (solid line) and without (dotted line) the Frequency Containment Reserve(FCR).1° On the right, the
estimated kinetic energy in 2025 as a function of total load in the synchronous area with wind and solar production and HVYDC
import including all the climate years (19622012) of the market simulaton scenario. The red line shows the required amount
of kinetic energy 11

time (s)

10 https://www.entsoe.eu/Documents/Publications/SOC/Nordic/Nordic_report_Future_System_Inertia.pdf
https://www.svk.se/contentassets/9e28b79d9c4541bf82f21938bf8c7389/stet0043_nordisk_rapport_hele_mdatol.pdf
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Too little inertia can lead to frequency instabilibhere sudden change in generation and load balance can
lead to unacceptable frequency deviation emaldfurther lead to cascading trippingthe system elements
leadng to blackoutsin the worstcasescenario The low inertia situationis only expectedin the Nordic
synchronous systein the medium termandin case of island operatipalso in the Baltic system. The
amount ofinertia in future Nordic synchronous power systdmas been analysed by the Nordic TSOsiand
illustrated in Figure 49. More detailed information about the inertia issue is givethénENTSOE
publicationentitleddordic Report Futur&ysteminertia?2

One of the possibilities to compens#&be the decrease in system inertia is to provademporary fast
response active power injection from the wind production units decoupled from the grid with converter
technology. The temporary boost of active postgrport followinga sudderdecrease ifrequeng couldbe
achievedby utilising the kinetic energy stored in the wind turbine ®m&ord generatar The reaction time
and control i s not i nstant aneous shoultthefast énbughttco d a y
support the systerand toavoid sudden frequency drops. Tblemwith this control ould be a slight
decreasén power outputfter utilising the stored kinetic energytbgrotating turbinesas the windurbine
bladesare not rotatingvith the optimal speedhecessary foachiewvng maximumproductionat certainwind
speedsThe maximum outputvill usuallybe restoredseveral tens of seconds aftbe synthetic inertia has

been used. In case of further RES increasethetic systermertia asabasicfunction for rotating RES units
decoupled through power electronics couldtesidered.

Decreased voltage regulation near loadentres

Large amourd of the planned wind power production is located far away from tmadres wherghe
conventional units ar@and have beetocated.A largeextensiorof reactivepowercompensatiowlevices is
expected due tthe longer distance of transmission of power required thedlecreased dynamic voltage
support from the convential units. For examplén the Nordic countries,wind power from the northern
areameed to be transmitted to load centres near the large cities in thersaudas Similarly, in Germany
the wind power from northerreaseeds to be transmitted to load centreb@southern part of theountry.

Decreased minimum short circuit power

Directly connectedynchronous generatgeeovideshortcircuit currentandvoltagesupportregulation during

faults that are necessary fothe normal operation of certaitypes of convertertechnologiesto avoid
commutatiorfailures.Insufficient shortircuit powersupportmight leadto atripping of the line commutated
converters (CC), which aretechnologybasedconverters. Furthermoravhen the penetration level of
converterconnected power generatigs/ery highthe form of the fault current is determined by the controls

of the converters and hby theshortcircuit outputof rotating machines, which can cauissues witlthe
protection devicethatare designed to work in a system based on synchronous machines. When designing
future power systesjthose technical issues should be studied in more gatai$ufficient countermeasures

need to be taken intaccountbased on the results

12 hitps://www.entsoe.eu/Documents/Publications/SOC/Nordic/Nordic_report_Future_System_Inertia.pdf
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4 REGIONAL RESULTS

This chapter shows and explains the results of the regional studies and is divided into four sections.
Subchapted.1 provides future capacity needs identified during the IdentificatiddysfemNeeds process

or in addition&(bilateral or external) studies related to capacity needs. SubcHapexplains the regional
market analysis results in detaihdSubchapter 4.3 focuses on the network analysis resul&idohapter

4.4, the regionabensitivity analysis results gpeesented.

41 Future capacity needs

The energy system of the Baltic Sea region is undergoing a transformation. Over recent years, onshore wind
capacity has been deveing at an increasingate. More recently in partsof the region, offshorewind
generation is being developedsignificantquantities This developmendf renewablegeneration, alongside

the existing hydro generation, pr ovendrgyd$n additiom, r e g i
thermal gener@in may be phased out to a large ext&imally, the nuclear generatiégaunderging a major
restructuring, being decommissioned in Germany, while Sweal#imues taliscuss the future ds nuclear
generatiorprogramme

All the above generation charggreassumedo increasen the future. In additiorelectricity consumption
is undergoing a transformation, both regarding electrification in industry and transportation as well as
consumers lmminga part of the production systahemselvegprosumers)

The potential changda both generation and consumption are described in the first phase of the TYNDP
2018 process, building new scenarios for 2030 and 2040 and assessing system needs faethehianizpn
of 2040. As part of this work, crodmrdercapacity increases were identifjagthich will have a positive
impact on the systenA European overview of thesecreases igpresentedn the EuropeanSystem Need
report developedby ENTSOE in parallel with the ReglPs.ldentified capacityincreases inside or at the
borders of the Baltic Sea region are shown in the map below. The system needs for Hui20A@re being
evaluated with respect to (1) marketegration/socieeconomic welfare, (2) integration of renewables and
3) secuntyof supply.For theBaltic Searegion the2040needs are mainly being described through:
Stronger integratiobetweerGermanyandPoland in order to increase markgegration and
in order tofacilitate thermalpower plandecommissioning iPoland
- Furthe integrationbetweerSwederandFinland in order tancreasanarketintegration
- Further integratiotetweerNorway-Denmark due to pricdifferences, RES integration and
the weakened Danish security of supplygariods ofhigh demand and lowariable RES
(wind and solar) periocls
- Further integration between Sweden/Denmark and Germany due taliffiécences and better
optimisation of RESgeneratior(hydro/wind) and
- Further internal integration in the Baltiegion mainly due tesecurity ofsupply.

In addition to these main increases, the high wind scenario (@€smes hugegrowth inwind powerin
the north of Norway. This scenario will lead to an increased capa®#gt in the nortsouth direction
towards Fitand, Sweden andouthern Norway. The scenario is not based on a total econ@wiew
(grid+productioninvestments)A completesociceconomic evaluation is needed befsettling on the 2040
capacities

The needs for the region, discovered in the-Pampean System Needsalyses 2040, are partly covered by
projects alreadyvaiting to be assessatdthe TYNDP 2018. For some of the corridotisere is a gap between
the 2046needs and the projects being assessed in TYNDP 2018.
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However, asshown in Figure 4.1projectsfor the Baltics, between Swedé&iinland, between Swedemd
Germany and between Norway attid UK/continenal cover someof the needs described above, and by

doing soplug some of thgaps.
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Figure 4-1: Identified capacity increase needs in the three studied 2040 scenarios in the BS region.'?

Figure 41 shows the need for creberder capacity increases beyond the expected 2020 griddioroé the

2040 scenar® While matureprojectsfrom ealier T Y N D fhévebeenaddeddirectly, other increases are
shownalongwith the needs thefylfil according to thédentification of System Needmethodology needs
triggered by market integration in first place and afterwards and in case not solved previously by security of
supply and/or renewable integratigguirements.

Some of the needshown abovare based on simulations including standard cost estifimsitegery border
investigated (ratio between costs and benefit can be decisive for choosing among potential reinforcements).
An overview of these standard costs can be found in Appendix 8.1.4.

The table below shows crebsrder capacities including incess identified during the TYNDP2018
processThe first columns show the expected 2020 capacities. The next columns show the capacities relevant
for the CBA, which will be carried out on the time horizais2025 and 2030. These columns show the
capacitieof the reference grid for CBA and the capacities if all projeetbprder are added togeth&he

last three (doublegolumns show thproper capacitie®r eachof thethree2040scenariosThese capacities

have been identified during tidiglentification of System Needphase andre dependemtn theparticular
scenario.

13 |ncreases identified in TYNDP2016 refer to the reference capacities of TYNDP 2016 for 2030
adjusted for TYNDP18. Projects

, for which some borders had been
commissioned in 2020 are not included as capacity increases.
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CBA Capacitie| Scenario Capacities
NTC 2020 [NTC 2027

(reference grid) NTC ST2040 NTC DG2040 NTC GCA2040
Border => <= => <= = <= = <= = <=
DEDEK( 400| 400| 400{ 400 400 400 400 400 400 400
DEDKe 600 585| 600/ 585 600 600 600 600 600 600
DEDKw 1500 1780| 3000; 3000 3000 3000 3000 3000 3000 3000
DEK{DKKkf 400| 400| 400{ 400 400 400 400 400 400 400
DENOs 1400 1400[ 1400; 1400 1400 1400 1400 1400 1400 1400
DEPLE 0| 2500 0| 3000 0 3000 0 3000 0 3000
DEPLI 500 0| 2000 0 4500 0 3500 0 4500 0
DESE4 615 615/ 1315 1300 1815 1815 2315 2315 2315 2315
DKeDKKkf 400, 600| 600[ 600 400 600 400 600 400 600
DKeDKw 600 590/ 600/ 600 1100 1090 1100 1090 1100 1090
DKePL 0 0 0 0 500 500 1500 1500 500 500

DKeSE4 1700{ 1300] 1700; 1300 1700 1300 2700 2300 2700 2300
DKwNOs | 1640, 1640 17004 1640 2140 2140 1640 1640 2640 2640

DKwSE3 740 680 740 680 740 680 740 680 740 680
EEFI 1016 1000; 1016] 1016 1016 1000 1016 1000 1516 1500
EELV 900| 900| 1379 1379 1350 1250 1850 1750 1350 1250
FENOnN 0 0 0 0 0 0 0 0 1000 1000
FISE1 1100 1200 2000; 2000 2500 2500 2500 2500 2500 2500
FISE2 0 0 0 0 800 800 800 800 800 800
FISE3 1200{ 1200; 1200; 1200 800 800 800 800 800 800
LTFLV 1200 1500 1200; 1500 1200 1500 1200 1500 1200 1500
LTPL 500 500{ 1000; 1000 500 500 1000 1000 1000 1000
LTSE4 700 700; 700{ 700 700 700 700 700 700 700
NL-NOs 700 700| 700| 700 1700 1700 1700 1700 1700 1700

NOmNOnN| 1300, 1300/ 13004 1300 1300 1300 1300 1300 1300 1300
NOmMNOs | 1400{ 1400 1400y 1400 1400 1400 1400 1400 1900 1900

NOmMSE2 600| 1000 600/ 1000 600 1000 600 1000 600 1000
NORSE1 700 600 700 600 700 600 700 600 700 600
NORSE2 250 300] 250{ 300 250 300 250 300 750 800
NOsSE3 | 2145| 2095| 2145 2095 2145 2095 2145 2095 2145 2095
PL-SE4 600 600 600 600 600 600 600 600 1100 1100

SE1SE2 3300[ 3300| 3300[ 3300 3300 3300 3300 3300 3300 3300
SEZSES 7800| 7800, 7800y 7800 8300 8300 8300 8300 8300 8300
SE3SE4 6500, 3200, 7200 3600 7200 3600 7200 3600 7200 3600

Table 4-1: Cross-border capacities expected for 2020, for the reference grid and identified during the
Identification of the System Needs phase
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42 Market results

Table 41 shovs the average results of tpan-European market studies of all three 204(hadesusingthe
2040scenario grids. Market simulations have been carried out by severBlysapean markenhodels and

the resultggive the averagevaluesof all the market models. The market results show that the identified
investment$n the2040grid will significantly decrease thgeneral price level, themountof curtailed energy
andtheenergy not served. These figures are available irfidubachscenario in Appendi8.1.2.

Capacity increasesmproving the security of supply

The amount of unserved energy decreadamaticallyin both Germany and Poland with the 2040 grid
compared to the simulations withe 2020 grid. This resuls expectedince the grid capacity @ndfrom

both Germany ad Poland increases significantlyith the 2040 grid. With increased grid capagithe
adequacyor bothGermanyandPoland is strengthenggince flexible hydrpower fromthe Nordic and Baltic
countriescould be used toreduce grid pressurés Germany ad Poland. The level of unserved energy is
very small. Based on#sesmall numbers, unserved energynid considered to be a vargportant indicator

of the need for mormterconnector capacity. Theege cheaper solutionfr solving the unserved energy
issue, such asinveding in more production capacity, batteries or storage, demand response or load
management.

RGBS, Unserved energy RGBS, Unserved energy

_ ) _ N 0,002 - . . .

0 . . - - . - . - 0,000 . 2 -
DE DK EE Fl LT v NO PL SE DE DK EE Fl LT v NO PL SE

+ Avg. 2040 with 2040 grid (all scenarios) — Avg. 2040 with 2020 grid (all scenarios) + Avg. 2040 with 2040 grid (all scenarios) — Avg. 2040 with 2020 grid (all scenarios)

Figure 4-2: Average of unserved energy with and without identified capacity increases and range of unserved
energy (all scenarios and all studied weather years) with identified capacity increases in Baltic Searegion in the
three 2040 scenarios studied.

In all other countries, the unserved energy is already very small in the 2020 grid simulations. This is due to
the large amount of flexiblaydropower capacity as well as an alredahge degree of interconnection
between countries compared to other regions. Resultsbeith the2020 and 2040 gr&lindicate some
unserved energy in Norway, whichudikely to be due tdahe abundance of fledid hydropower. This is due

to the factthat not all modelthat wereused to produce the pd&iuropean results have a good representation

of hydropowerwhich leadgo poor resultsn some of thdwydropower dominatecbuntries.

Improved utili sation of RES generation

The amount of curtailed energy decreases substantially with the 2040 grid compared to the 2020 grid. The
amount of curtailment is roughly halved @ermany, Denmarknd SwedenThe new capacity in th2040

grid helps in situations withlargeRES share. In surplus situations in Germany and Denmark, sergtgy

could be exported and stored in hydro reservoirddoge extentln Swedencurtailed energy also decreases

since hydro reservoirs coutdtenbe full in a RES surplusituation Thereforejncreasng exporsto therest

of Europe willavoidcurtailmentissues

‘_—”

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000 Brussels A Brd@egrtsoeeu Awwl.ehtsoeteu


mailto:info@entsoe.eu
http://www/

Regional Investment Plan 2C e n t S O@

Regional Group Baltic Sea

RGBS, Curtailed energy
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Figure 4-3: Average curtailed energy in the Baltic Sea region with and without identified capacity increases in
the three studied 2040 scenarios; and the range of curtailed energy (all 2040 scenarios and all studied weather
years) with identified capacity increases.

The results indicate that there would still be relatively large amourgeesfyycurtailment with the 2040
grid. However, the results likely exaggerate the absdawel of curtailment since the modelling of wind
power, in particular,does not fullyconsiderthe expected increase in full load hours, which means that the
same amount of energy can be produced by turbines with lower deneegiacity. In addition, curtailment
results for Norwayrelikely to betoo high because of the same reasons mentiorma ab

Even ifthe resultanight beslightly exaggerated, the message is still clgaid investments are needed to
avoid alarge amount ofvastedrenewable energy in the region and even more capacity than the 2040 grid
might be neededarticularlyin scerarios with a lot of intermittent renewable generation. Howeivea

future power system witl very large amount of intermittent generati@ome curtailmenheeds tabe
accepted savoidng curtailment completely will be toexpensive.

Decreased CQemissions

A higher interconnector capacity wilsohaveaneffect on CQemissions. This is due &better integration

of zeroemission renewables, as well as increased use of gas instead of coal in thermal generation. There are
some changes in Germany d@Poland, but both countriesill have a significanamountof thermal capacity

in the 2040 scenarioThe deployment of renewables has a greaect on CQ emissions than
interconnectors.
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Figure 44 shows that the level of G@missions isieither particularly high ngparticularlysignificant for
theBaltic States anthe  Nordic countriesandthat both

regionsare emittingvery low level of o

ng emissions.AsgtheerveI of CO MDD
emissions is movingowards zero in
both regionsthey are on course to meet
ther EU target of CQ emissions
reductiors. In contrast, bothGermany
(62, 000 ktons) and Poland (4000
ktons) have very high levels of CO
emissions and the level of C®
emissions varwidely dependingnthe a0 |
scenario.The reasonfor these highCO,
emissionsis the production of fossil 20
fuels (lignite, coal andjas).Additional
crossborder capacity increasefrom 0 e o M y M v o e M
Germany tothe Nordic countries could \ J —
reduce the levelof CQO, emissions. 2
Comparing both graphs the C®
emissions level in 2040 with 2020
NTCs andthe CO, emissions level in 3
2040 with 2040 NTCs it can be een
that on average CO. emissionlevels
will decreasey 7,000 ktons inlGermany
and by10,000ktonsin Poland For the
other countriegtheCO; emissiondevels
are moderate in 2020 Therefore 1 I

120

80

60

Mtons

Mtons
N

additional capacity increasewill not
significantly reduce the levebf CO;

emissions 04— : : . : I
DK EE Fl LT LV NO SE

+ Avg. 2040 with 2040 grid (all scenarios) = Avg. 2040 with 2020 grid (all scenarios)

Improved market integration and Figure 4-4: Average CO2 emissions in the Baltic Sea region in the three
: studied 2040 scenarios with and without identified capacity increases,
decreased average price and range of COz emissions (all 2040 scenarios and all studied weather

As shownin Figure 4-5, the average years) with identified capacity increases.
price difference decreaseswhen the
2040grid isimplemented.

More interconnector capacity between countries will reduce price diffeyemokwill develop a more
effective and integrated market. Hence, it will be possible to import/export more power \gitloiriex period
whenthe price differenceis high, such as duringlry years with higher prigan the Nordicregions orin
periods when the veation in renewable productias high. Thehydro-based power market ihe Nordics
will become more integratedhan the more thermabased markein continentalEurope,and the price
variatiors betweenwetter and drier yearswill be lower.
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All scenarios
RGBS - Average Hourly Differences of Marginal Costs
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Figure 4-5: Average hourly price differences with and without identified capacity increases in the BS region in
the three studied 2040 scenarios, and the range of average hourly price differences (all 2040 scenarios and all
studied weather years) with identified capacity increases.

On average, the price legéh thecountries in théaltic Sea regiorare fairly close to each othertime 2040
scenarios witlthe 2040 grid, with Norway and Sweden slightly below the other countsieite Poland is
slightly above. The average marginal cost level is around 60 EUR/NAever, it should be noted that
the absolute level is very sensitive assumptions made regardifigel and CQ pricing. To integrate
electricity markets anthb harmonse marginal costs betwe#me country groups withithe Baltic Sea region
additional capacity increasbetween these groups is necessary.

RGBS, Marginal Cost Yearly Average [€]
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+ Avg. 2040 with 2040NTC (all scenarios) = Avg. 2040 with 2020NTC (all scenarios)
Figure46: Yearly average of marginal cost (0/ MWh) wtheBS and wi

region in the three studied 2040, and the range of average marginal cost (all 2040 scenarios and all studied
weather years) with identified capacity increases.
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The yearly average marginal cost tbe Baltic Searegion varies from 41 Euro/MWh inddway to 100
Euro/MWh in Poland inthe caseof NTC2020. The yearly price variation in Norwesydueto thevariatiors

in inflow betweernthe wet and dry yearsGreaterinterconnector capacity will lift the Nordic price level in
wet years and reduce pricesdry years Overall, theprice level in all Baltic Searegion countries will
decrease, except fon Norway where it will increasslightly because the hydro systésmmore integrated
thanthe thermabased system, and the Nordic countries will export more electridityetest of Europe

Surplus in the western part of the region and deficit in the eastern part

The net anual country balance shewhat mainelectrcity producers irthe Baltic Sea region are Germany,
Norway and Sweden. The annual country balance vaitedy dependingnthe scenariathe weather year
(wet ordry) and the assumptions set for the stilgduction in all these countries is basecwvimd andsolar
energy, hydrpowerand hydro storage as well as biomgsseration.

RGBS, Net annual country balance

DE DK EE FI LT LV NO PL SE

+ Avg. 2040 with 2040 grid (all scenarios) = Avg. 2040 with 2020 grid (all scenarios)

Figure 4-7: Net annual country balance with and without identified capacity in the BS region in the three 2040
scenarios with identified capacity increases, and the range of country balances (all 2040 scenarios and all
studied weather years) with identified capacity increases.

The difference between net balances in different scenarios is estimatechighesfor Norway, and its
generatiordepends greatly on the typewéather year. Sweden will maintain a net annual surplus despite
significant reduction in nuclear capaciiy 2040. Dependingn the scenario in generaheannual country
balancewill hover around zero for Estonia, Lithuania and Latvia. The annual balance for these countries is
very close to zero because yheaverelatively small power systems compdwith Germany, Norway and
SwedenlIn addition, Estonia and Latvia are focusedbesome sefsufficient for energy byp040. A large
amount ofimported electricityis expected for Finland and Poland in most of the scenarios. In Poland,
domestic coafired generabn will be partially replaced by imports. In Finland, the balance is close to 2015
levels, as increasefrom new wind and nuclear generatiaiil be offset bya growth in demands well as

the decommissioning of existing nuclear and CHP generation by. 20 annual balance in hydbased
system are affected by inflow. The inflow to a hydro reservoir will not incre@ti®e more interconnector
capacity. More capacity give the opportunity to imporexportalargeramount of energy in a shorter period
However the inflowandweathervalues will bethe same.
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43 Network results

Network studies were conducted to analyse the adequabg gfid andthe necessarygrid reinforcements

in each scenario. Network analysis was foshducted in orer to checkthe amount of necessary grid
reinforcements to preparde grid for different generation portfolios and different generation patterns
conducive teach scenario (ST2040, DG2040 and GCA20R8¢. needo strengthen thgridsinsidemarket
areaswas discussenh Section3.3.2as challengethat needed to be me$econdly, the grid reinforcements
needed to increase tiNTCs between market areas to the levels identiiad showrin Section4.1 were
studied.As anexample,the flows on the borders on which the capacities were increased in sustainable
transition 2040 scenario are sholb&low.

2040ST, cross-border flows

ST2040, cross-border flows
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Figure 4-8: ST2040 scenario duration curves of flows on borders where capacity increases were identified
based on the SEW loop of Identification of System Needs in the RGBS region. Basebvalues are those without
increased capacities and dJItimatedvalues are those with identified increases.

As seen from Figures-& and 49, the increased capacities on the borders areegtibhy the marken the

2040 simulations. The increased flows can also increase the need for additional internal grid reinforcements.
Even with a gridwhich includes projects between 2020 and 202@ assessed in TYNDP2016, the new
TYNDP2018 scenarios for 20441l cause internal bottlenecks. The maps bedbawthe need for additional

internal grid reinforcements fatl three2040 scenarios whexombinedwith the identified 204@rossborder

capacity needs.

Additional internal reinforcements
needs following cross-border capacity
increases identified in scenario
“Sustainable Transition 2040”

Additional internal reinforcements
needs following cross-border capacity
increases identified in scenario
“Distributed Generation 2040”

Additional internal reinforcements
needs following cross-bordér capacity
increases identified in scenario
“Global Climate Action 2040”

No data available

needed

Some reinforcements needed
Important amount of reinforcements

@ 'use amount o reinforcements
or heavy reinforcements needed

No data available

needed

Some reinforcements needed
Important amount of reinforcements

@ "ve amount of reinforcements
or heavy reinforcements needed

No data available

needed

Some reinforcements needed
Important amount of reinforcements

@ 'use amount o reinforcements
or heavy reinforcements needed

Figure 4-9: Impact of identified capacity increases on internal grid reinforcement needs in the three studied
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The ST2040 scenario needs the least number of reinforcements in the Balteg®eawhile a onsiderable
amount ofgrid reinforcementss needed in Filand, Germany, Norway, Poland and Swedersvredenthe
screening indicatethe internal reinforcemestnecessarybetween 2020 and 2040. Within that time period
several internal transmission lines will be replaced duedmggvhich will result in more internal capacity.

Due to the high amount of renewable installed capacity expected to be insya@80 and 2040, internal
reinforcements in the German transsion grid are necessary. To evaluate which reinforcements need to be
implemented, the German TSOs (50Hertz, Amprion, TenneT DE and TransnetBW) are working together on
the German National Development Plan, GerniNetzentwicklungsplamNEP), which has tbe published

by law, everytwo years In order toallow all stakeholders to participate in this process, two consultation
phases are included. After publishing the NEP, the German requleBundesnetzagentuecides which
projectswill go ahead Asthe German NDP published in 2017 focuses on 2030 and 2035, some additional
reinforcements, which are not yet identified, may be required until 2040. All internal German bottlenecks
will be resolvedoy this process. The NDP alsonsiderghe results of théatest TYNDPin orderto ensure

that the German grid is prepared to provide the capacities needed for the TYNDP projects. For example, there
is an ongoingdiscussiorregardingadditional DC links in the North/South axis for 208%rderto integrate

the RES generationapacity.

The DG 2040 scenario contains more production from renewable scasogsll asadditional crosdorder
increass between Lithuania and Polaheingidentified, whichwill increase the flow through the Baltic
countries. The incresad crosborder flow requires additional internal reinforcements in all Baltic countries.

The GCA 2040 scenario also contains a lot of production from renewable spanckbie highest level of
increased croslBorder capacity needs were identified floistscenario in the Baltic Seagion. The cross

border capacity needs amd fromFinland are 00 MW in this scenario, which requires a lot minternal
north-south capacity irthe country In addition,heavy reinforcement needs arecessaryn order tocope
with the additional crosbordercapacitiesn Norway:

\___ﬂ
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44 Regional sensitivities

Regional sensitivities were based upon a regional betfpiscenario. The regional scenaris well as the
sensitivitiesveredescribed irChapte3.2.3. The regional sensitivities were simulated with the EMPS market
model* using a set of 33 weather years (198WL2) to include the effect of variation in hydrological inflow,

wind and temperater In the regional sensitivity studshere is no CBA assessment of project candidates.
Instead the potential benefit of new capacity on a border is approximated by the average hourly price
difference on each border. The hourly price difference indithéemagnitude of possible increased SEW if

more capacity would be added to that border. Results were extracted for all borders with existing connections
in the region. Howeveif the price difference is loar between two market areas the result for asteg

border could be used to approximate for a potemntialone

4.4.1 Regional Base case 1 high impact of wet and dry years

In the regional base casbke average price level in Sweden, Norway and Denmark is closepgadédevel

on the continentwhereas Finland and the Baltountrieshave slightly higher prices. THacandinavian
countries (Bnmark Norway andSweder) have surplusesvhereas Finlad and the Balticountrieshave
deficits. This is on general leveand isin line with the pan-Europearresults.The maindifferenceis thatin

the panEuropearnesults thermal generation is higher in the Baltics and lower in Denni#iik is dueo the
factthat the thermal generation in Denmark in the regional camsedslledwith more detailswith mustrun
constraints yielthg more generation. This is in line withhat can be observed in the market today. Average
balances (generation minus demand) are presented in Figur@Heli®sults are shown as an average of all
the 33 simulated weather years and a dry and a wet year to indicate the variation betweenongittbesc
which is significant in the region. The maiource oWvariationis hydrologicalinflow. However bothdemand
and wind production also wabetween different weather yegseeSection3.2.3.

Figure 4-10: Balance in the regional base case scenario for dry, average and wet years (2030).

14 Emps (EFI's Multi -area Power -market Simulator) is a tool for forecasting and planning in electricity markets. It has been developed
for optimi sation and simulation of hydrothermal power systems with a considerable share of hydropower. It takes into account
transmission constraints and hydrological differences between major areas or regional subsystems.
ht tps://www.sintef.no/en/software/emps -multi -area -power -market -simulator/
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The variation in weather conditions alsasan effect on the price levelghichare higher thathe continental
averagen dry years antbwerin wet yeargsee Figure 4.1). These results underline the importanteasing
a largedataset of weatheconditions wheranalysinghe needfor interconnectorsvithin this region since just
using one average weather yeauldyield lowerprice differaces thanvouldthe averagever a large number
of weather years.

A
ey

PriceBasecase

(EUR/MWh) 5

Price_Base wet

EUR/MWh

Price_Base Dry
EUR/MWh

The resulting average hourly price differermweenthe base case and the spread for all sensitivities is
shownin Figure 412. The highest price differences are between the synchronoussdrighsare in line with

the parEU simulation results. However, there are some significant price differences bhedoree areas
within the Nordic system. The Nordic TSOs will analyse the need for adalitapacity between thgordic
areadsn the NordicGrid Developmen®lan, which isdue for publication ir2019.

———

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000 Brussels A Brd@egrtsoeeu Awwl.ehtsoeteu


mailto:info@entsoe.eu
http://www/

Reg@onal Investment Plan 2C e n t S O@

Regional Group Baltic Sea

Marginal Price difference (EUR/MWh)
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Figure 4-12: Average marginal price differences over all weather years between areas in the region
(existing interconnectors) for the base case and the spread between the sensitivities (see Chapters
4.4.214.4.5).

The sensitivity results focus on the effect on price differehetween the areaandthe resulting
average prices and balances are presentibe Appendix Section 8.1.5.

4.4.2 Low nuclear capacity i Challenging the Nordic adequacy

In the sensitivities with less nuclezapacity(seeSection3.2.3) the Nordic price level increases dmetomes
higherthan continental prices in both cases where additional production is addeghere nuclear units are
decommissioned witholoeing replacedn theextremecase, whereall nuclearcapacityis removedwithout
replacement, the price difference increases significgpelsticularly withinterconnectors to the continental
system (Figure 4.13). In this extreme ¢dkhe Nordic adequacy @sochallengedas shown by the results
in Sectior4.4.6.
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Average marginal price difference (EUR/MWh
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Figure 4-13: Average marginal price difference in the sensitivity of low nuclear capacity compared to the base
case (no replacement of nuclear power plants).

In the moremarketbasedcase when nucleacapacityis replaced with more wind power (due to the higher
prices) the price difference also increases. As the surplus of energy in Slgedmaseghe price difference
between the Nordics and Baltics decrease significantly as well as the price differermenb®tveden and
Finland.
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Figure 4-14: Average marginal price difference in the sensitivity of a low nuclear market compared to the base
case (replacement of nuclear with wind power).
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4.4.3 Low fuel price i Significant coal-fired generation still present in 2030

In thed_ow Pricedsensitivity (se€haptel3.2.3) theprice differencentheborderswith Polandwill increase

since Poland has a significantly lower price in this sensitivity. This is because coal gengnaigrncheap
compared to gas and thevdl still beassumed to be significant coal generation in Pabgr2D30 The price
differencebetweenthe Nordics and the continentwill also increaseslightly. This is caused by the more
volatile Nordic price cawl by the decommissioning of CHP/nuclear plants. On the other hand, the price
difference between the Nordics and the Balidlé decrease since fosdilel generation is cheapewhich

drives the Baltic price down more than the Nomatice The decommissioning of CHihdnuclear power in

the Nordics also entaia reduction in the Nordic energy surplus. This means that the price difference between
the NordicandBaltic countrieswill become smaller.

Average marginal price difference (EUR/MWh)
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Figure 4-15: Average marginal price difference in the low-price sensitivity compared to the regional scenario
base case.

4.4.4 More wind power in the Baltics i Decreasing imports to the Baltics

In the sensitivity with more wind in thBaltics the price levelsvill be similar tothebase case. The reason

for price levelgemaining steadis that in this sensitivitythe possibility for trade (import) with neBNTSO

E countries was removed. This shows that in the market point of viewports could be replaced by
approximately 2 GW of wind power witthe average price levedeing maintainedThere were no radical
changs to price differences in this sensitivity, only some smaller increase on interconnectors to the Baltic
system as well a& smallamount ofcongestion on the Estonidsatvian border.
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Figure 4-16: Average marginal price differences in the sensitivity with more wind power in the Baltics compared
to the regional scenario base case.

Grid studies were done to check the impact of big offshore wind farms that could be thélBaitic Sea
near Lithuania and Estonia. Hourly simulatiarssng the BIDmarket toolandthe PSS/Eetwork toolwere
carriedout to evaluate typical load flow durations amaw they wouldimpactthe 330kV network inthe
Baltics. It was evaluated connection of offshore wind farms of up to 1000 MW capacity irahithwp to
1,500 MW capacity in Estonia and up to 165 MW in Latvia.

After checkingthe hourly load flowsusing thenetwork analysis tool PSS/Bverloaded 330 kV AC lines in
Baltics 330 kV network during different worsinand Rl situationsvereidentified. A total ofeightdifferent
330 kV OHL intheBaltic regionwere in danger afverloadng because of high load flows causedsiyplus
powergeneration irthe offshore wind farms, buhe severity of situations when line overloads more than
100% wasddentified not more than 9% time per year. This issue should be sfudieelrin futureresearch

in the Baltic regionf the offshore plans are further investigated.
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Figure 4-17: Bottlenecks in the Baltic 330 kV grid in N-O and N-1 after connecting offshore wind farms.
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4.45 New nuclear plantin Lithuaniai Price decreases in the Baltic countries

When a nuclear plant in Lithuania is added, the price drops significantly in all the Baltic countvedisass
the price differencen between BalticNordic andContinentalsystemswhich inturnreducethe benefits of
new transmission capacity betweshof thesystems. Even if sonyice differencesoccur between Latvia
and Lithuania therwiill still beverylittle differencein pricesbetween the Baltic countriedespite tle large
increasen baseload productiocapacity.

Average marginal price difference (EUR/MWh)
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Figure 4-18: Average marginal price difference in the sensitivity with new nuclear power in Lithuania compared
to the regional scenario base case.

4.4.6 Adequacy in the studied sensitivities

There was no probabilistic analy$s assedfg the generation adequacy in this study. In the market model
results therewasno loss of loadisextreme situations are not fully captured when average profiles are used
for availability of interconnectors as well as for generation units. However, an indicator or proxy for adequacy
could be the number of hounghereprices werehigh. For this purposerices higher than 20BUR/MWh

have been chosen as an indicator of very strained situations in the system. In the pidwe \casel between

two andtenhours per yeaon averagewith the highest number of hourskimland and the Baltics. The low
nuclear case obviously increases this. In the sensitivity where nuclear is not refilacste,on average

up to 180 hours per yetirat havehigh pricesHowever, heeffectsareless extreme in the case where nuclear
capacityis replaced. The figurer the worstperforming countryFinland) is approximatelyp0 hours per year

on average.

In thedow fuel price sensitivit§i the number of high price hours is significantly increased compared to the
base case. This is due that even if the average price level is lower due to lower fuel prices the number of hours
with very strained generation adequacy is increased because dgdi@missioning of CHP and nuclear
plants.

When new nuclear capacity was added in Lithuania the number of hours with highdpojgpsdto zero

since this unit would cover a large share of the peak load in the Baltics. In the case with more wind and no
trade with noFEENTSOE countriesthe number of hours with high prices went up aechainedhigher
compared to the base cdmsé wasstill not higher than thdow fuel pricédsensitivity.
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Figure 4-19: Number of hours per year with prices above 200 EUR/MWh for the regional scenario base case and
for each sensitivity. The figures are an average for all 33 weather years.
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5 Additional Regional Studies

This chapter introduces the most interesting regional studies performed outside the -ENRGBS
cooperation. Important background ahd main outcomes of the studies will also be discussed

5.1.1 Baltic synchronisation

For historical reasons, the Baltic Swteirrentlyoperate in synchracity with the Russian and Belarussian
electricity systems (IPS/UPS), forming thecsdled BRELL-ring (BelarusRussiaEstonial atvia-Lithuania).

The energy policy of the Baltic States is integratéti the energy strategyf the EU and mustomply with

major objectivesuch asustainable development, electricity market competitiveness and security of supply.
Additional to the objectives mentioned abpthe Baltic States have to continue developing competitive and
fully integrated electricity marketaJong with asufficienly developed energy infrastructure to connect the
distributed RES (wind, biomass and biogas, solar etc.), possible high capacity power plants and meet &
Barcelona criterion (10%) on interconnectors ofawafy for crosssections. Subsequently, the Baltic States
have politically endorsed the synchrsation of the Baltic Statégpower systems with CEN as a common
strategic goal. In December 2014, the three Baltic TSOs propasadmap for desynchrongation fromthe
IPS/UPS and synchraaition with the &N directly through current interconnection link between Lithuania
and Poland.

Following a request by the EC, an initial assessment carried out by ENTIBQ015 concluded that
synchrongation with CENwould be technically feasible, although at a cost3af0million. However it was
not thought to beeconomically profitable (based only on traditional cost/benefit evaluationsvidmaiut
consideringgeopolitical aspects, among them SoS Ivigh-level strategicperspective).

On 9" June 2015, the EC and the involved Member States of the Baltic Sea Region concluded a Memorandum
of Understanding on the reinforced Baltic Energy Market Interconnection( BEMIP). At the same time,

based on lack of progress on the continental interconnection alternative, the Baltic States and the EC askec
for a wider investigationywhich would considea Nordic interconnection alternative as well as a project
alternative whetgy the power systems dhe Baltic countries operate as a ssifficient region.

With this background at the end of 2015ieEC1 with the assistance of the Joint Research Centre (JRC) and
in cooperation with ENTS@& and the involved TSGOis launched a studgn thedntegration of theBaltic
States into the EU electricity system: A ebshefit and geopolitical energy security analysivie study was
completed in 201andconcludes that among the examined synclsedioin optionsthe CEN optionclearly
emergsasthe mosttechnically feasibleand mostcosteffective. Also in 20171 as a furthessteptowards
synchrongation ofthe powesystemf Baltic countriesnto the interconnected networks of CEhree Baltic
TSOs in cooperatiowith Tractebel a consultingcompany has performed the mudtiisciplinary study of
isolated operation of the Baltic power systenthia study, the technical, economic, legadl argansational
aspectof isolated operabn of power systems of Baltic countries were investigated in prepafati@reat

life isolated test operation of power systems of Baltic countribizh is scheduled to take place in 2019.
Such realife tesswill be oneof several technical testimyocedureshat theBaltic power systems will have
to undergo prioto realinterconnection to the networks tife CE, preliminaily scheduled to take place in
2025. The studhasprovided very valuable insigimto boththefinancial and technical requirements that the
new mode of synchronous operation will put on the Baltic power systems, as welliag teelgarify the
possible implementation schedules of such serious and in many ways unpreceddettaking.

Currently, two of the most serious challenggandingn the way otthe synchrongation project development
aretheunclear solutionsegarding theperation and status of the Kaliningrad electrical enclave (part of the
Russian power syst®, located on the Lithuanidoland borderandthevery narrow geographical corridor of
the border betweethe Baltic countries and the CE (Lithuari®oland), preventing the development of the
electrical interconnection between the Baltic and the CE psygtems
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towardsmuch safer levels of NTC. Both of these issues will require a lot of pohtidipower and might
influence the technical outcomes and schedule of the synsétioni process.

In the meantime, new interconnection development targetstraggering thresholds, currently being
developed by electricity interconnection target expert group withinvith @an NTC of 30% 60% from
peak loadand amaximum 2 EUR/MWh price differential in adjacent market areas) will definietye
helpful in provding much stronger economic justificatiéor the Baltic synchrorsation project, previously
found to be rathdackingwhen based on old Barcelona criteaind SEW analysis.

5.1.2 Challenges and opportunities for the Nordic power system

The challenges and opportunitiestioé Nordic power system report summarises the shared view of the four
Nordic TSOs SvenskaKraftnat, Statnett, Fingrid and Energinet.dkgardingthe key challenges and
opportunities affecting the Nordic power systenthi@ period leading up to 2025.

The Nordic power system is changing. The main drivers of the changes are climaté pdiich inturn
stimulates the development of morE® technological developments and a common European framework
for markets, operatioandplanning.While thesystemransformation has alreadhgun the changes will be
much more visible b025.

The main challenges foreseen by the Nordic TSOs in thedokyading up to 2025 includmeeting the
demand for flexibility, ensuring adequate transmission and generation capacity to guarantee security of
supply and to meet the demand of the market, maintaining a good frequency godlgufficient inertia in

the system to ensure operational security.

Increased demand for flexibility Adequate generation and transmissio Inertia to support system Frequency quality to ensure
capacity to ensure security of supply stability operational security

“» > V'S a
Available
capacity
4 4 > 4
2015 2025 2015 2025 2015 2025 2015 2025
Figure51 Fi gures from AChall enges and Opportunities for Nordic

Link to the report:
http://www.fingrid.fi/fi/ajankohtaista/Ajankohtaista%20lgt/Ajankohtaisten%20liitteet/2016/Report%20
Challenges%28nd%200pportunities%20for%20the%20Nordic%20Power%20System. pdf

5.1.3 Nordic Grid Development Plan 2017

(link to Nordic Grid Development Plan 2017:
https://energinet.dk/Omyheder/Nyheder/2017/08/01/Nordisktudviklingsplarog-vurderingaf-
produktionstilstraekkelighgd

The Nordic Grid Development Plan 2017 describes the ongoing and future investntieatgrid of the
Nordic countrie§Norway, Sweden, Finland and Denmjark
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The most important messages of the Nordic planmarised below.
1 Many transmission projects are being built and commissioned. The main drivéirsiategration

of anincreasingnumberof renewables, security of supply and market integration with entailed
sociceconomiowvelfare gains.

1 There is arhistoricaly highlevel of investmentin the Nordic regior{see Figure £). The Nordic
TSOs expect to invest more thatb billion in the period unti2025.

1 Identification of transmission corridoreedto beanalysedor possible reinforcement. This will be
donein the next NordicGrid DevelopmenPlan to be issued in 2019 (see FigE+8).
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Figure 5-2 Nordic TSO investments in transmission until 2025
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Figure 5-3 Nordic corridors that will be further analysedin the 2019 NordicGrid DevelopmentPlan.
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6 Links to National Development Plans

Table 6-1: ENTSO-E Regional Group Baltic Sea national development plans

Country Company/TSO

https://www.energinet.dkimedia/Energinet/Projektd¢TR-

Denmark HFV/Dokumenter/Netplanlaegning/Reinvesteringdddbygnings-og-Saneringsplan
2016.pdf?la=da

Estonia https://elering.ee/sites/default/files/public/Elering_ VKA 2017.pdf

Einland https://www.fingrid.fi/globalassets/dokumentit/fi/lkantaverkko/kantaverkon
kehittaminen/mairgrid-developmenplan20172027.pdf

Germany https://www.netzentwickingsplan.de/

Latvia http://www.ast.Iv/files/ast_files/gadaparskzinoj/Attistibasplans20182027.pdf

Lithuania http://www.leea.lt/wpcontent/uploads/2015/05/Netwedevelopmenplan2015.pdf

Norwa http://www.statnett.no/Global/Dokumenter/NUP%202017

y endelig/Nettutviklingsplan%202017.pdf

Poland https://www.pse.pl/documents/31287/clecaZact4f7aa7ch
a487cdf5cfof?safeargs=646f776e6c6f61643d74727565
https://www.svkse/siteassets/ocss/rapporter/2017/svenskeaftnats

Sweden

systemutvecklingsplaf0182027.pdf
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https://www.energinet.dk/-/media/Energinet/Projekter-KTR-HFV/Dokumenter/Netplanlaegning/Reinvesterings---Udbygnings--og-Saneringsplan-2016.pdf?la=da
https://www.energinet.dk/-/media/Energinet/Projekter-KTR-HFV/Dokumenter/Netplanlaegning/Reinvesterings---Udbygnings--og-Saneringsplan-2016.pdf?la=da
https://elering.ee/sites/default/files/public/Elering_VKA_2017.pdf
https://www.fingrid.fi/globalassets/dokumentit/fi/kantaverkko/kantaverkon-kehittaminen/main-grid-development-plan-2017-2027.pdf
https://www.fingrid.fi/globalassets/dokumentit/fi/kantaverkko/kantaverkon-kehittaminen/main-grid-development-plan-2017-2027.pdf
https://www.netzentwicklungsplan.de/
http://www.ast.lv/files/ast_files/gadaparskzinoj/Attistibasplans20182027.pdf
http://www.leea.lt/wp-content/uploads/2015/05/Network-development-plan-2015.pdf
http://www.statnett.no/Global/Dokumenter/NUP%202017-endelig/Nettutviklingsplan%202017.pdf
http://www.statnett.no/Global/Dokumenter/NUP%202017-endelig/Nettutviklingsplan%202017.pdf
https://www.pse.pl/documents/31287/c1eca7ac-5ec1-4f7a-a7cb-a487cdf5cf9f?safeargs=646f776e6c6f61643d74727565
https://www.pse.pl/documents/31287/c1eca7ac-5ec1-4f7a-a7cb-a487cdf5cf9f?safeargs=646f776e6c6f61643d74727565
https://www.svk.se/siteassets/om-oss/rapporter/2017/svenska-kraftnats-systemutvecklingsplan-2018-2027.pdf
https://www.svk.se/siteassets/om-oss/rapporter/2017/svenska-kraftnats-systemutvecklingsplan-2018-2027.pdf

Regional Investment Plan 2C e n t S O@

Regional Group Baltic Sea

7 PROJECTS

The following projects were collected during the project calls. They represent the most important projects
for the regionln order toinclude a project in the analysisnéedsto meetseveral criteria. These criteria

are described in the ENTSP practi@l implementation of the guidelines for inclusion in TYNDP 2018

The chapter is divided tio panEuropean and additional regional projects.

7.1 pan-European projects

The map below shows all project applicants, submitted by project promoters during the Z0M80#& for
projects. In the final version of this document (after the consultation pheese)ap will be updated showing
the approved projects. Projects have different statuses, which are described in thei@BiAes as

1 Plannedbut not permitting

9 Under Construction

Depending on the status of a project, it will be assessed accordi@pttBenefit Analysis.

//\K

Figure 7-1 TYNDP 2018 Project: Regional Group Baltic Sea

15 https://tyndp.entsoe.eu/Documents/TYNDP%20documents/Third%20Party%20Projects/171002-EXZ§@actical%20implementation

%200f%20the%20guideliens%20for%20inclusion%200f%20proj%20in%20TYNDP%202018_FINAL.pdf

‘____”
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7.2 Regional projects

In this chaptg the Baltic Sea projects afegionabandationabsignificance are listed, as thagedthe substantial and inherent support of the-gamopean projectsii
order to be includethto the future transmission systems. All these projects include apisogescriptios, the main driver, why they are designed to be realised in the
future scenarios, together with the expected commissioning dates and evolution drivers in case they were introducgcRagh& pa

There are no criteria for the regiorsgnificance projects inctledin this list. They are included baspdrelyon t he pr oj e ct aspawheathethegpmjécs d e
is relevant to.

The table below lists the projects of regional and national significance in the BaltiegBea

Investment
Expected

Project : Included in
J S ———————— L Description Main Drivers ReglP

Country ol
-ioning

Finland Lieto-Forssa Lieto (FI) Forssa (FI) 2018 New 400 kV AC single circuit OHL of 67 km between Security of supply No
substations Lieto and Forssa.
Finland Hikia- Hikia (F1) Orimattila (FI) New 400 kV AC single circuit OHL of 70 km between Security of supply No
Orimattila 2019 substations Hikia and Orimattila.
This project involves a new doubdércuit 400 kV OHL
. line between Valkeus (Fl) and Lumimetsa (FI). The new
: Fennovoima line is required for connectirthe newFennovoimas )
Finland NPP Valkeus (FI) Lumijarvi (F1) 2024 nuclear power plant planned to be built in Pyhajoki. The Connection of new NPP No
connection power plant has a planned generation capacity2gfal
MW. The decision to build the connection and schedule
depends on whehe construction permit is given to build
the Hanhikivi NPR
Voltage
upgrades Will potentially increase the capacity in the nesthuth direction. Increase otapacity and RES
Norway through north P D eyt ail ed ipn fyo rmation given integ?atiox No
andcentral Development Plan 2017.
Norway
Norway Fosen 2019 New 420KV lines incentralNorway (Fosen) in order to facilitate new wind RES integration No
production. Detailed information g
Ofoteri A new 420kV line (ca.450 km) will increase the capacity
Norway Balsfjord in the north of Norway, mainly to serve increased petroieum Security of supply and increas| No
Skillemoen 20162021 relatedconsumption, as well as increase the security of supply. of capacity
Skaidi In addition, theproject will prepare for some new
wind power production. A line further east (SkaMarangerbotn)
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is under consideratigmowever no decisiorhas yet beetaken.
Voltage upgrades in ttewuthwestern part of Norway. The
Western project will increase the northouth capacity as well as Increase of capacity and
Norway corridor 2021 facilitatehigher utili sation of theplannednterconnectors. utili sation of interconnectors No
Detailed informat i Develogmenten i n
Plan 2017
Will increase the internal Nordic capacity imarth-south
direction between areas SE3 and SE4. This will make it possible
Southwest to handle an increased amount of renewable production Market integration, Security of
Sweden Link 2017/2018 in the north part of the Nordic area as well as increase trade supply No
on Nord-Balt andtheplannedHansaPowerBridge with
less risk for limitations. The project has been delayed several
times due to difficultiesvith the implementation phase.
This is currently a PQbrojectincluded in the 3PCI list. The project consists of g
Exhvddari new 400 kV AC single circuit OHL of 70 km between S ity of v, Market
Sweden ydaan Ekhyddan and Nybro and a new 400 kV AC single circuit ecurity ot supply, Marxe No
Nybro-Hemsj6 2023 OHL of 85 km between Nybro and Hemsjo. integration
The reinforcements are necessary to fully securely utilse
the NordBalt interconnection that is connected in Nybro.
New shunt compensation and upgrades of existing series
compensatioetween price areas SE2 and SE3 are
planned for installation between 2017 and 2025.
North-South The oldest of the 400 kV lines between SE2 and SE3 are Market integration, Security of
Sweden SE2i SE3 28270%(1 expected to be replaced with new lines with a higher transfer supply,RES integration No
Y capacity. The first replacement is planned for 2@QA0.
These reinforcements walgnificantly increase the
northsouth capacity in the internal Nordic
transmission grid.
Skogssater . L . -
A new400 kV single circuit overhead line that will increase . .
Stenkullen : ) Market int i RES
Sweden 2021 capacity on the Swedish west coast. arket integration, No
Swedishwest This will lead toa greatetrading capacity between integration
Coast Sweden, Denmark and Norway.
Endrup
Idomiund All projects are 400 kV domestic transmission lines.
RevsingLander The purpose of the investments is to integbati ongoing ) . .
Denmark upgaard 20192021 and planned connections of renewable generatifishore Market integration, Security of No
wind farms) and to connect new interconnectors (COBRA, supply,RES integration
Idomlund Viking Link, DK WestGermanyetc.,seeSection4.3.3in https://en.energinet.dk/
Tiele /media/.../Presse.../NoGrid-Developmentlan2017.pdj to thedomestigyrid.
Bjeeverskov
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Hovegaard

Germany Pulgar (DE) Vieselbach (DE) 2024 Construction ofinew 380kV doublecircuit OHL in anexisting corridor Pulga| RES integration / Security of Yes

Vieselbach (104 km). Detailed info supply

Plan
Hambura/Ost Reinforcement oéxisting 380 kV OHL Hamburg/NordHamburg/Ost and ) )
Germany Hamburg/Nord (DE) (DE)g 2024 Installationof PhaseShifting Transformersn Hamburg/OstDetailedinformation RES integration Yes
given i n GeevelegpmgnBlan Gr i d
Germany Krammel (DE) Ham?sjg/Nord 2030 New 380 kV OHL intheexisting corridor KriimmeHamburg/Ost. RES integration Yes
Detailed information given i
Plan
Control area Corstruction of new substations, \faompensation anextension of existing ) )
Germany S0Hertz 2024 substations for integration of newly build power plants and RES in 50HzT cor| RES integration Yes
(DE) area
Germany Elsfleht/West (DE) new 380 kV OHL intheexisting corridor for RES integration between RES integration Yes
Ganderkesee (DE 2021 Elsfleth/West, Niedervieland and Ganderkesee
Germany Irsching (DE) Ottenhofen (DE) 2030 new 380kV-OHL in theexisting corridor between Irsching and Ottenhofen RES integration Yes
Germany Dollern (DE) Alfstedt (DE) 2024 new 380kV-OHL in theexisting corridor in Northern Lower Saxony for RES integration Yes
RES integration

Germany Unterweser (DE) EISﬂ(?DtE/)WESt 2024 new 380kV-OHL in theexisting corridor for RES integration in Lower Saxony RESintegration es
Germany Conneforde (DE) Unterweser (DE) 2024 new 380kV-OHL in theexisting corridor for RES integration in Lower Saxony RES integration Yes
German Klostermansfeld (DE New 380 kV OHL inanexisting corridobetween Klostermansfeld and Querfurt RES integration Yes

y CE) Querfurt (0F) 2025 Detailed information givePanin G 9

. . ; ; ; . P ; Lot ; RES integration/Security of

Germany Niederrhein (DE) New lines and installation of additional circuits, extension of existingeegxtion of Yes

Utfort (DE) 2030 several 380/11@V-substations. supply

G Landesb DE RESintegration/Security of v

ermany andesbergen (DE) [ \wehrendorf (DE) 2023 Installation of an additional 38KV circuit between Landesbergen and Wehrend supply es
Germany Point Kriftel (DE) Farbwerke 2022 The 220kV substation Farbwerke HochStid will be upgraded to 380/ RES integration/Security of Yes

HéchstSud (DE) and integrated into the existing grid. supply

This investment includes new 380/220 transformersn Walsum, Sechtem, RES integration/Security of
Germany Several 2019 Siegburg, Mettmann and Brauweiler. Some of them are already instettiéel, supply Yes
others are under construction.
G Li DE ) o ) ] RES integration/Security of v
ermany ippe (DE) Mengede (DE) 2030 Reconductoringf anexisting 38V line between Lippe and Mengede. supply es
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This investment includes several new 380/k¥Gransformers in order to integrat ) . )
Germany Several 2019 RESin Erbach Gusenburgiottigerhook Niederstedemfchtel,Prumandwadern. | RES |ntegrat|or / Security of Yes
In addition a new 38V substation and transformers in Krefeld Uerdingen a supply
included.
Germany Biittel (DE) ) A new 380kV line in anexistingcorridor in SchleswigHolstein for integration of RES integration Yes
Wilster (DE) 2021 RES especially wind erand offshore
Germany Junction Mehrum (DE) A new 3806kV line junction Mehrum (line Wahle Grohnde)} Mehrum RES integration Yes
Mehrum (DE) 2019 including a 380/224V-transformer in Mehrum
Germany Borken (DE) Mecklar (DE) 2021 A new 380kV line BorkenMecklar inanexisting corridor for RES integratior RES integration Yes
Germany Borken (DE) GieRen (DE) 2022 A new 386kV line Borken- GieRRen imanexisting corridor for RES integratio RES integration Yes
Germany Borken (DE) Twistetal (DE) 2021 A new 380KV line Borken- Twistetalin anexisting corridor for RES integrati RES integration Yes
Germany Wahle (DE) Klein llsede (DE) 2018 A new 380KV line Wahle- Klein llsede inanexisting corridor for RES RES integration Yes
integration
A new 380kV OHL PulverdingerOberjettingen (45 ki anew 380kV OHL .
Germany Hoheneck (DE) Engstlatt (DE) 2022 OberjettingerEngstlatt (34 km) and new 380 kV OHL HohenecRulverdingen Security of supply Yes
(13 km).
Germany Birkenfeld (DE) Otisheim (DE) 2019 A new 380KV OHL Birkenfeld-Otisheim (Mast 115A). Lengttt:1km. Security of supply Yes
; iating [ ; - RES integration/Security of
Germany Hamm/Uentrop (DE) Extension of existing line to400-kV single circuit OHL Hamm/UentropKruckel Yes
Kruckel (DE) 2018 and extension of existing substations. supply
Germany Biirstadt (DE) BASF (DE) 2021 New line and extension of existing line to 400 kV doutiteuit OHL Biirstadt RES integratioln/Security of Yes
BASFincluding extension of existing substations. supply
. . Construction of new 38KV doublecircuit OHLs, decommissioning of existing olf  RES integration/Security of
Germany Pkt. Metternich (DE) NledeDrEtedem 2021 220kV doublecircuit OHLs, extension of existing and erection of several supply Yes
(DE) 380/110kV-substations. Length: 108n.
G Area of West Installation of reactive power compensatierg( MSCDN, SVC, phase shifte_r). RES integration/Security of v
ermany Germany (DE) 2018 Devices are planned in Kusenhorst, Biischerhof, Weienthurm and Kriftel supply €s
Additional reactive power devices will be evaluated.
A new 380kV doublecircuit OHL NeuenhageWierradenBertikow with 125km . . .
Germany Neuenhagen (DE) |  vierraden (DE) 2020 length as prerequisite for the planned upgrading of the existing\2a0uble RES mtegrauoln/Secunty of Yes
circuit interconnection Krajnik (PLi) Vierraden (DE Hertz Transmissipn supply
Detailed information giveniGer many 6s Gri d Dev
Construction oinew 380kV doublecircuit OHL between the substations RES| ion/S ity of
Germany Neuenhagen (DE) | wustermark (DE) 2018 Wustermark and Neuenhagen withk#B length. Support of RE&nd |ntegrat|o:1 ecurity 0 Yes
conventionabeneration integration, maintaining security of supply and suppori supply
marketdevelopmentbet ai | ed i nformation gi ver
Plan
Construction ofinew 380kV doublecircuit OHL inthe northeastern part othe
50HzT control area arthe decommissioning aiinexisting 22V doublecircuit ) . .
Germany Pasewalk (DE) Bertikow (DE) 021 OHLs, incl.380kV line Bertikow-Pasewalk (30 kin Supporof RES and RES '”te@rat'o?’ Security of Yes
conventionabeneration integration in Norn Germany, maintaining of security supply
of supply andsupport of market development. Detailed information given in
Ger manyods Grid Devel opme
Germany Réhrsdorf (DE) Remptendorf (DE) 2025 Construction of new doubleircuit 380 kV OHL in existing corridor Réhrsderf Security of supply Yes
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Remptendorf (103 km)
Germany Wolmirstedt (DE) Wahle (DE) 2022 Reinforcement of existing OHL 380V . Det ai |l ed i nf or ma RES integration Yes
Grid DevelopmenPlan
Germany Vieselbach (DE) Mecklar (DE) 2023 A new doublecircuit OHL 380 kV line inanexisting OHL corridor. Detailed RES integration Yes
information gi v ®evelopmenBanr mg
Germany Conneforde (DE) Unterweser (DE) 2029 A new doublecircuit OHL 400 kV line inanexisting OHL corridor (33 km) RES integration TYNDP 2016
Area of Altenfeld Area of . .
Germany (DE) Grafenrheinfeld 2027 A new doublecircuit OHL 380 kV inanexisting corridor (27 km) andnew RES integration TYNDP 2016
(DE) doubleci rcuit OHL 380 kV (81 km). Det 3
DevelopmenPlan
Germany Giefien/Nord (DE) Karben (DE) 2025 A new380kV line GieRen/Nord Karben inanexisting corridor for RES Yes
integration
Germany P205 Schworstadt (DE) 2025 Upgrade of the Schworstadt station from 220 kV to 380 kV including two Security of supply No
transformers 380/110 KV, supply @ EichstetterKiihmoos 380 kV
circuit
Herbertingen/Area of
Germany P206 Constance/Beuren | Gurtweil/Tiengen 2025 Upgrade of the existing grid in two circuits between Gurtweil/Tiengen and Security of supply No
(DE) (DE) Herbertingen. New substation in the Area of Constance
Germany Querfurt (DE) Wolkramshausen 2024 A new 380 kV OHL inanexisting corridor between Querfurt and Wolkramshausg RES integration No
(DE) Detailed information givePmani n G
AC Grid Reinforcement between Marzahn dredifelsbruch (38&V- .
Germany Marzahn (DE) Teufelsbruch (DE) 2030 Kabeldiagonal®erlin). Detailedinformationgivenin Ge r maG@rigl 6 s Security of supply No
DevelopmenPlan
Germany Giistrow (DE) San?ti/lrggtrt]rizr;nsc 2025 A new 380 kV OHL inanexisting corridor between GiistrovBentwisch- RES integration No
orf (DE) Gemeinden Sanitz/Dettmannsddfe t ai | ed i nfor mati on
DevelopmenPlan
. A new 380 kV OHL inanexistingcorridor between GiistronSiedenbriinzovir . .
Germany Gustrow (DE) Pasewalk (DE) | 20252028 Alt Telini lveni Pasewal k. Detailed inforn RES integration No
Developmenflan
Germany Wolkramshausen (DE . A new 380 kV OHL inanexisting corridor between Wolkramshausen Security of supply No
Vieselbach (DE) 2024 EbelebervieselbachDet ai | ed i nformation gi
DevelopmenPlan
Germany Thyrow (DE) Berlin/Stidost 2030 A new 380 kV OHL inanexisting corridor between Thyrow aiérlin/Stidost. Security of supply No
(DE) Detailed information gi vePani
Germany several 2023 Several PSTs in the Amprion Grid to allow a higher s#tlon of parallel lines RESintegration No
having different impedances
. RES integration/Security of
Germany Burstadt (DE) Kithmoos (DE) 2023 An additional380 kV OHL will be installed on an existing powssle supply No
New 380 kV OHL inan
. ; it ; Had i ; ; ; existing corridor. Detailed
Germany Wolmirstedt (DE) ' A new 380 kV OHL inanexisting corridor. Detailed information given in A : ; - No
Wahle (DE) 20242029 Ge r ma®rig DevelopmenPlan information given in
Ger manyos
Development.
; ; i ; RES integration / Security of
Germany Oberbachern (DE) Upgrade ofthe xi sting 380 kV Iine. Det ai l No
Ottenhofen (DE) 2025 Development plan supply
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8 APPENDICES
8.1 Additional figures

8.1.1 Future challenges

Charts showing results of the 2040 market studies wi2€2@ grid is applied on a market node level.
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Figure 81 Span and average of unserved energy in GWh in RGBS Region in 2040 scenarios with 2020 grid capacities
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RGBS, Unserved energy
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Figure 8-2 Span and average of unserved energy agpercentage of annual demand itthe RGBS region in 2040 scenarios
with 2020 grid capacities
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Figure 8-3 Span and average of curtailed energy in TWh in RGBS Region in 2040 scenarios with 2020 grégbacities
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RGBS, CO2 emissions
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Figure 8-4 Span and average of C®emissions in MI' in RGBS Region in 2040 scenarios with 2020 grid capacities
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RGBS, Marginal cost yearly average
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Figure 8-5 Span and yearly average of marginal costs in euros the RGBS region in 2040scenarios with 2020 grid capacities
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Figure 8-6 Span and average of net annual country balance in TWh in RGBS Region in 2040 scenarios with 2020 grid
capacities
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All scenarios
RGBS - Average Hourly Differences of Marginal Costs
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Figure 8-7 Span and average of hourly differences of marginalosts in euros per MWh in RGBS Region in 2040 scenarios
with 2020 grid capacities

$T2040 (with 2020 grid)
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Figure 8-8 Span and average of hourly differences of marginal costs in euros per MWh the RGBS region inthe
Sustainable Transition 2040 scenario with 2020 grid capacities
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DG2040 (with 2020 grid)
RGCSW - Average Hourly Differences of Marginal Costs
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Figure 89 Span and average of hourly differences of marginal costs in euros per MWh in RGBS Regiortlire Distributed
Generation 2040 scenario with 2020 grid capacities

GCA2040 (with 2020 grid)
RGCSW - Average Hourly Differences of Marginal Costs
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Figure 8-10 Span and average of hourly differences of marginal costs in euros per MWh in RGBS Regiarthe Global
Climate Action 2040 scenario with 2020 grid capacities

70

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000 Brussels A Brd@egrtsoeeu Awwl.ehtsoeteu


mailto:info@entsoe.eu
http://www/

Regional Investment Plan 2C
Regional Group Baltic Sea

entso@

8.1.2 Market and network study results

Charts showing results of t2040 market studies when a 2040 grid with identified capaeigd is applied
on a market node level. As a reference, the charts also steaverage results of the 2040 market studies
when a 2020 grid is applied.

All scenarios
RGBS - Average Hourly Differences of Marginal Costs
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Figure 811 Average hourly price differences with and without identified capacity increases in BS region in the three
studied 2040 scenarios anthe range of average hourly price differences (all 2040 scenarios and all studied weather years)

with identified capacity increases
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Figure 8-12 Average hourly price differences with and without identified capacity increases in

BS region the

Sustainable Transition 2040 scenaricand the range of average hourly price differences (all studied weather years) with

identified capacity increases
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DG2040
RGBS - Average Hourly Differences of Marginal Costs
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Figure 8-13 Average hourly price differences with and without identified capacity increases ithe BS region inthe
Distributed Generation 2040scenariq and the range of averagehourly price differences(all studiedweatheryears)with
identified capacity increases
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Figure 8-14 Averagehourly price differenceswith and without identified capacity increasesn the BSregion in the Global
Climate Action 2040 scenaripand the range of average hourly price differences (all studied weather years) with identified
capacity increases
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Figure 8-15 Span and average of curtailed and unserved energy, @missions, marginal cost yearly average and net
annual country balance in RGBS Region in 2040 scenarios with 2020 grid capacities
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8.1.3 Standard cost map

Standard costs for 1000 MW increase
Baltic Sea
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Figure 816The st andar d c ©000M¥ inierconrdaior dagacity iacredse in the Baltic Sea region
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8.1.4 Regional market results

Overall

In the regional base casthe average price level in the Nordicsaigite close to the price level on the
continent whereas the Baltics have slightly higher prices. The Scandinavian coungrnesa(l? Norway
andSweden have surpluses whereas Finland and the B8liites have deficit©©On a general levethis is

in line with the panEuropean results. The main difference is thathempanEuropean resultghermal
generation is higher in the Baltics and lower in Denmahichis dueto the facthat the thermal generation
in Denmark ismodelledwith more details with mustun congraints which yield more generation. This is in
line with what can be observed in the market todée average priceand balancearepresented ifrigure
8-17.

BalanceBaseCase(GWh) 4 ‘ = PriceBasecase (EUR/MWh)

‘ ~
Figure817 Bal ance in GWh and pronatbaseicase séenapicefor dnW&varage and wehyear (yearg i
2030)
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Weather years

The results presentdetreare the average results in the scenario when the scenasiogsaset of 33
different weather years. When analysing the Nosgtitem it is essential to use a sufficient number of
weather years. This is duettee factthat hydrological inflow has large variat®between different years in
contrast to wind and solarhich has larger variatiabetweerhours and weeksbut hassmall variatios in
annual outputSince the Nordic system has a large amount of hydropbdatr prices and balances yar
considerabhbetween different weather yeassillustratedby Figure 818 andFigure 819.

Balance Base wet(GWh)

Figure 8-18 Balance in the regional base case scenario for dry and wet ye&2030)
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Price Base wet(GWh) = 5 ; Price Base Dry(GWh)

A

Figure819 Average price in U per MWh region in $®80)regional ba

In the sensitivities with less nucleaapacity,the Nordic price level increases and becomes higher than
continental prices in both cases where additional production is added and wherepuovetedecrease

In the .owNukeExbcasethe average price differea between Norway Sweden and Finland incrdase
significantly, whereasin the d_owNukeMktbcase these price differencasere mostly on the same level
asin the basease.

Fl DurationPrice EUR/MWh SE3 DurationPrice EUR/MWh
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Figure82 0 Dur ati on of price in 0 per MWh diffenent2030 sersitivdiese as Fi nl an
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Figure 821 Dur ati on of price in 0 per MWh in price areas Lithua

When a nuclear plant in Lithuaniabsiilt, the price drops significantly in all the Baltic countries as well as
reducingthe price difference betwedine Baltic and Nordic countriesvhich in turn decreases the benefits of
thenew transmission capacity between the systems. In the sensitivitpnaiehwind in the Balticghe price
levels are similar tthebase case. Hreasorthatprice levels are not decreasing is that in this sensitivity the
possibility for trade with noENTSO-E countries vasremoved. This shows thitom the marked point d
view, imports could be replaced by approximately 2 GW of wind powelewnaintairing theaverage price
level.

Transmission needs

In the regional studythere is no CBA assessment of project candidates. Insheggaotential benefits of new
capacity @ a border is approximated by the average hourly price difference on each border. This method only
gives an indicationfdhe benefits of increased capacltyorderto do a full evaluatioya run with an increased
capacity would have to be compared wathrun without the increase. The hourly price difference ,does
however,indicate the maximum increase in SEW., & example if the hourly price difference is 5
EUR/MWh then1 GW of capacity could generate maximunEBR/MWh*8760 h/year * 1 GW=43.8M
EUR/year in SEWThe lesults were extracted for all borders with existing connections in the region.

However if the price difference is low between two market areas the reswdnfexisting border could be
used to approximate for a potential new. &amplethe SE4LT results are comparable with SEY since
the price difference between SE3 and SE4 and LT and LV is very low.

The resulsfrom the regional best estimate sceaandicate that the main bottlenecks in the region are those
between the three synchronous areadN@dicsContinent, NordieBaltic and BalticsContinent. However

on an annual levethe Nordic and continental prices are on approximately the santalthaughthereare

still price differences on hourlgndweekly levels due to temporary surpluses and deficits caused by the
large share of intermitteipbwergeneration.
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Figure 8-22 Duration curve and average of hourly priced i f f er ences in 0 per MWNwedereSEdveen t h
and Germany in different 2030 sensitivities

Figure82 3 Dur ati on curve and average of hourl y profliteani@ai fferenc
and Poland in different 2030sensitivities
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