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1. Purpose of the document

The purpose of this document is to provideommendation as part of the official consultation of the Ten
Year Network Development Plan 20{8YNDP 2018)held in the period3.08 and 21.09.2018 he
recommendationweredevelopedinderthe Baltic InteGrid projectcofinanced from EU funds undéne
INTERREG Baltic Sea Region 20i12020 programwhose goal i$o explore the potential ofn electricity

grid in the Baltic Seintegrated with offshorevind farms It aims at contributing to a sustainable electricity
generation, the further integration of regional electricity markets, and to enhance the security of supply
around the Baltic Sea.

This document is based on the findings from the BalticGnig project It condensgin one place the full
knowledge and analytical results developed within the project and in particular:

1 Ther eport ATowards a Baltic Offshore Grid: ¢
wind farm® - PreFeasibility Studis report for PolistswedishLithuanian and German
SwedishDanish interconnectors integrated with offshore wind farms,

1 Findingsfrom the conference "Offshore Grid and Offshore Wind Energy in the Baltit Sea
Opportunity for Integrating Energy Markets" whigvas held in Warsaw on the 7th of June
2018.

The report and the summary of the conference will be attached to recommendations on submission.

2. Challenges and driverdor the Baltic Sea Region

The recommendations are addressing challenges and driverscsfoedifie Baltic Sea Regio.YNDP
2018 report fAFocus on the Nordic and Baltic Seabd
development in the region:

1 Renewablegesources are located far from the consumption centres,

1 Nuclearand other themal generation are decommissioned and being replaced by renewable
generation,

1 Theneed for flexibility, also between synchronous areas, is increasing,

1 Consumptioris being established in new places because of the electrification of new sectors
in society.
1 A special challenge in this region is the ongoing process of integrating the Baltic States in the
EU electricity system. This is both a national and an EU strategic priority.
In addition to the abovdased on the analyses performed withimBaltic InteGrid project the following
challenges/driversanbe added:
1 Offshorewind energyis expected talevelop very rapidly and on a large scale in the Baltic
Sea Region (especially in the South Baltile eonomic potential of offshore wind power
in the Baltt Sea bys estimated fo® GW by2030and 35 GW by05Q

1 Shouldthis potential be realized without coordinatiamong developers, investors athe
TSOsit would meardozens of radial connection cabsewd cable corridorshich may cause
significant spatial conflicts with other sea and seaside users/uses: miéitans
environmental protection, tourism, fisherieavigation etc

1 EU CQG targets and corresponding increasing costs ob €fission allowanc® new
RenewableEnergy SourcesRES goals, high industrial potential related to offshore wind
energy and falling prices of this technology only support rapid deployment of wind farms at
seai in consequence offshore wind energy could have a major role in shaping nthenl
energy sector but also the maritime industry in the region
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1 Offshorewind farms, in particular in the South Baltic, are planned in locations such as South
Middle BankandArkona Basin where it is possible ¢onnect them to offshore hubs being
partoffshore grid connecting countries in the region

1 Currentlyapprox. 1,8 GW in OWFs is installed in the Baltic Sea, however numerous projects
are being under development. Failing to take coordinative actions may lead 4o kock
a radial connection topagly and inefficient wind farm cluster designsgsulting in higher
costs for the endonsumer and potentigpatialconflicts.

1 Developmenbf a Baltic offshore grid would facilitate balancing of treriableenergy from
wind at sea through stable hydropa®m the Scandinavian countries.

3. Recommendations

Recommendation 1z Transmissionprojectsx EQOE OOAOOO OO01 AAO Ai 1T OEAAOAOQEI]
view of potential integration with OWFs

1 The following projects should be considered and furtimeestigatedin view of potential
integraton with planned offshore wind farms:

o0 Project no. 1799DKE-DE (Kontek2p connecting Denmark East and Germany
0 Project no. 234fiDKE-PL10 connecting Poland and Denmdthst
0 Project no. 239%FenneSkanl renewalconnecting Sweden and Finland,

o Project no. 267iHansa PowerBridgefliconnecting Germany and Swedescommendation
for this particular project is included further in the document).

1 Anexample of such approach is included in the TYDNP 20dBroject 260fiNew Great Britain
- Netherlands interconnectionw h i ¢ h  TEhis projeetscongiders the possibility of a second
1-2GW interconnector between GB and the Netherlands. The project will also consider UK / NL
of fshore wind c¢ oSimilarapproachmcoutd pe apphidialealistad pryjects

9 Offshore wind energfOWE) may develop very rapidly and on a large scale in the Baltic Sea
Region (especially in the South Baltiziaking it the next offshore wind energy region after the
North SeaWithin thenext decadd is estimated that addition&2 GWin offshore wind farms
will be built in the BSRtotalling to9 GW in 2030.

1 This createsanimmense potential for building an offshore grid integrated with offshore wind
farms (OWF). Studies performed within the Baltic InteGrid project show ittt high level of
OWE deploymentintegration ofOWFs with interconnectorsanbring additional benefits: cost
sharing opportunities, reducing overall system ¢astxreasingsystem flexiblity, increasng
CrossBorder Energy Trade (CBET)ncreasing RES deployment in line EU climate strategy,
reduce spatial conflicts etc.

1 It has to be kept in mind thdi¢ CostBenefit Analysis (CBA) for an integrated solution has to be
performed on a cad®y-case basis and is very much dependent on the level of offshore wind
deployment irthe analysed@rea and the level of integration. This applies especially to complex
setups where protection systems, such as HVDC breakers, are required

1 Buildingontheassumption stated in the TYhRdsts @018 EXx
analysing potential future projects is small compared to the costs of building them, justifying to
some extent the analysis of diverse solutions for uncertain Béette aforementioedprojects
should bdurther investigated including the following elements

1 Estimates given by WindEurope and confirmed by offshore wind potential analyses performed within Baltic InteGrid.
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0 Potential OWFs that could be connected to the interconnection given their status of
development, planned commissioniyepr, capacitetc,

o Costsand benefits of such solutipn

0 Purposeof the interconnector (e.g. security of supply, cost convergence between markets
etc.) andwvhether integration with OWFs meets or hinders that purpose.

1 Failing to conductsch analysis can result in: lockimg to solutions that rule ountegration of
OWFs in the future, miss out on the cost reduction opporturatidgorreduce the potential of
OWE in the region.

Recommendation2 - Include a Polish-Swedish-Lithuanian interconnection integrated with planned
OWFsasa project candidateto the next TYNDP 2020.

T Results of the report iTowards a Baltic Offsho
of f shor e 2shHowadighfpatentialsfas introducing a grid solution integrated with OWFs
for Poland, Sweden and Lithuantaoth for High and Low Offshore Wind Power (High/ Low
OWP) scenarios.

1 Thecostbenefitanalysis performed within the study shoy
that regardless athe level of OWE deployment in the
study area (seligure 1) benefits from connecting OWFsjf =
to an offshore grid outwgh the costs

o For the High OWP buileut (assuming 11,2 GW for
the whole study areia years 2028045) the partial

integration scenario (Scenario 2a) is the mos.
favourable. Figure 1 Case Studyt Area

The scenario presentie possibility of a partigl integrated system, incorporating both
radial and integrated OWF connectiolfhe design logic of this scenario is to connect OWFs
close to shore (Slupsk Bank, Lithuanian and Swedish projects near the coast) radially with
AC technology, and the wind farms far offshore (South Middle Bank on the Polish and
Swedish side) would be integrated witkew HVDC interconnectorgcurrently existing
HVDC lines: NordBalt, SwePol Link are not considered for integration with OWFs).

This type & design would need a fair level of cooperation for all projects and stakeholders
using the VSEHVDC system. In return, the solution could provide higher flexibility,
utilisation rates and cost sharing opportunitieveen interconnector and OWF connettio

The grid costs are lowest for th Cost for CS1 with High OWP
partial integration scenario 2.96 *
billion EUR. The costs for the zer¢ *’
integration and the maximun]
integration scenarios are: 3.27
billion EUR and 3.50 billion EUR
respectively. Based on CBA
analysis, compared to the basese
scenario (zero integration), the

HVAC Offshore Nodes
W HVAC Onshore Nodes
BHVAC Cables

HVDC Offshore Nodes
WHVDC Onshore Nodes
mHVDC Cables

bn €

CS1_la CS1_2a CS1_3a

partia| integration bringS Zero Integration  Partial Integration  Max Integration
additional benefits of 0,36 billion Figure 2 Cost structure fothe Case Studyl (CS1)
EUR. scenarios / High OWP

2W- j c i k Towards aBaltic Qffshore Grid: connecting electricity markets through offshore windbfarmsB a | t i 618)l nt e Gr i d
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The partial integration scenario coudldpict the development of OWE in Poland and Sweden,
with the most developed projects in Poldr&ingplanned to be connected radially. However,
projects farther from shore, at Southern Middle Bank (both in Swedish and Polish waters),
will be developed moslikely after 2030 and could be connected in a more coordinated
approach.

HVDC cables

Onshore connection
point

Converter station

/ ol

Connection technology
‘ - OWFs connected to HVDC system

.~ W owes connected to HVACsystem

Figure 4 Case Study 1 Scenario oHigh OWRpartial integratiori connection technology
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For theLow OWP build-out (assuming 5,7 GW in the whole study aieg/ears 2025
2045 the maximum integration scenario (Scenario 3b) is the most favourable.

This introduces the concept of full integration of OWP into the becdessing VSEHVDC
system All OWFs are connected tg
the offshore DC grid.The key L6
characteristic of this scenario can
summarised as high cooperation al
planning requirement, technically
challenging, flexible power flow
routing, the possibility for high
utilisation rates, shorter total cabl
lengths and the possibility to shar

Cost for CS1 with Low OWP

HVAC Offshore Nodes
= HVAC Onshore Nodes
®mHVAC Cables

HVDC Offshore Nodes
= HVDC Onshore Nodes

= HVDC Cables

CS1_1b CS1_2b CS1_3b

COStS betWeen In'[el’COﬂnectOI’ and Zero Integration  Partial Integration  Max Integration

OWF connegon infrastructure Figure 5 Coststructure forthe Case Studyt (CS1)

The grid costs are lowest for zero scenarios / Low OWP

integration scenarié 1.40 billion

EUR. The costs for the partial integration and the maximum integration scenarios are: 1.50
billion EUR and 1.47 billion EUR respectively.

Even though the costs fdred maximum integration scenario are higher, the benefits surpass
the costs and compared to the bease scenario (zero integration), the additional benefits
amount to 0.91 billion EUR.
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Figure 7 Case Study 1 Scenario of Low OWFnaximum integri connection technology

1 The adequacy analysis proved thataihproposed scenarios the system has enough capacity
available, but higher integration provides the system with more flexibility with regard to the

adequacy rate.

Table 1 Summary of CosBenefit Analysis Case Study 1

High Offshore Wind Power Low Offshore Wind Power

Zero Partial Max Integration Zero Partial Max
integration Integration integration Integration Integration

Benefis minuscoss relative to base caghigher is better)

base case 0.36 b -0.15 b base case 0.81 b 0.91 b

Table 2 Summary showing the most economic scenarios

Case Study 1RL/SELT)

High OWP Partial Integration

Low OWP Maximum Integration
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1 Benefits ofPL-SE-LT interconnection integrated with offshonénd farms

o Further supporfor the process ofsynchronisation of the Baltic Statdsy strengthening
security of suply through a HVYDC connectioiCurrent TYNDP 2018 assumePRm@ject170
AiBal ti cs sy nwhithimludes ashbmaige8ynchronousiVDC connection
between Poland and Lithuania by 2025. The prop&ie8ELT project candidate assumes
that first element ofhis connectiorwould be built in the period 20302035, therefore it
would mean an additional interconnection increasingtheing capacitandsupporting the
security of supply for the Baltic States.

o0 Furthermore, Project 170 can pave the way for a following R&igkdishkLithuanian
connection, if not from technical point of view, then at least from a spadiapective
Currently the Project 170 is considered as a straight line between Poland and Lithuania,
which assumes crossing through Russirclusive Economic @dne EEZ). From
a permittingpoint of view and given that the waters around Kaliningrad region are used in
majority as military exercise area, such route migfuve to be challenginglherefore
a potential route through Swedish EEZ might be consideé favourableSuch route is
proposed in the case study presented in Figure 3 which was based on a detailed analysis of
other sea uses.

0 Redudion of price differences between continental and Nordic markets. It is worth noting,
t hat based o maps &f everdge haurty préca differences between market
a r e3dnsab envisaged?030 scenarios, the price differendetween Poland and Sweden
(SE4)are at least 205 EUR and in one scenario even above 15 EUR. Taking into account
the recent increase energy pricesn Polandthis can become an important factor for the
development of new North/South connection.

o Higher utilisation rates, since the capacity of the cable not used for exporting electricity from
wind farms can be used for CBET. However, $itaationof nearmaximum infrastructure
utilisation rate would require that one of the interconnected countries would always have a
sufficiently high power demand and electricity price in relation to the other interconnected
country(s).

o Lower risk of soal conflicts.Public acceptance and spatial conflicts are becoming more and
more important in planning of infrastructure projects. They can cause delays or even
cancellation ofnvestmentsit has to be emphasiséthtaccording to the analysis perfomerd
within Baltic InteGrid,the poposed project candidate would resulsignificant reduction
of number of cables and landfallgp to 3 timedessin maximum integration scenario)
compared to radial connection of @WFsprojects

1 Itis worth noting, tht asecond Polistfswedish connection was considefedthe TYNDP 2016,
as it showed potential benefits relategtize differencesEventually, he decision byhe TSOs
(Svensk&Kr a f andPSE S.A.)was not to nominate it as a new project candidatéenfdusion
in the TYNDP 2016due to various reason®erhapsjntegration with OWFscan constitute
a missing linkhat would improve théasibility of such approach.

1 Viability of a new PolishSwedish interconnection (with potential connection to wathia)
integrated with OWFs was confirmed by the Polish Institute of Power Enginéariag expert
opinion.According to experts,ugh connection would increase the crbssder trade capacignd
will contribute to meeting the export/import capacitygtets set by EU for 2030.

3 TYNDP 2018 Executive Report Appendix

“I'nstitute of Power ACFpnigniinae ee k me ricnk aGdwa Es &k r e’is Szevecjdi Widvawy po g Nc
zintegrowanego z mor ski mi f ar mami Wi at r o wy nilekirgenergetyzzgdgdi d ni eni e m
Gd a Es k http:2waviv.hez.pl/upload/File/Opinia%20P&E-LT.pdf


https://pl.bab.la/slownik/angielski-polski/asynchronous
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1 Inorder to introduce the project further actiovif be requirel, to nane a few

o0 Detailed and irdepth feasibility study for the PEE-LT connection. Inclusion of the project
in TYNDP 2020 would enable the way for obtaining the Project of Common Insba&ss

and unlock financing from the EU.

o Discussionsamong the TSOs in the respeet countries and investorsincluding

establishment of a working group.

0 Strategic declarations)cluded in official policy document in thavolvedcountries that will

support OWE and offshore grid development.

o0 Review and of the legislatifeamework that will allow for connecting OWFsdoossborder

connections.

Recommendation3 - Hansa PowerBridge Il should be considered in terms of integrating offshore wind

farms in the German, Swedish and Danish waters

1 The results of the study T o w a Baltis Offshore Grid: connecting electricity markets through
of f shor e Swshowdhatfamintercerimector with the integration of offshore wind energy
between Germany and Sweden has economic béndftisrefore, it is recommended that the
Hansa BwerBridge Il projectwill also considerthe DE/ SE / DK offshore wind connection

optionality - similar to the Project 26@iNew Great Britainr Netherlands interconnection

1 The results of the aforementioned study for a poten
GermanSwedishinterconnection integrated with OWF | =™
proved that provided critical mass dWE - in the study
area, an integrated solution is more favourable than r

connection oDWFs ‘

o For the High OWPbuild-out (assuming 3.7 GW for
the whole study aréan the years 2025 2045 the
maximum integration scenario is the mos
favourable due to reduced costs. This scenari@igyre 8 Case Studp Area
assumes that all OWFs are connected

‘,...M

to an HVDC offshore gridlhis leads Cost for 52 with High OWP
to an offshoe system with two|
offshore HVDC converter stations.

HVAC Onshore Nodes
mHVAC Cables

Such approach however, require
large  efforts to  coordinate
international energy infrastructure
and seause planning, extensive
technological knowhow regarding
multi-terminal systems.

€

HVDC Onshore Nodes
®HVDC Cables

€S2_1a CS2_2a €82 3a
Zewo Integration  Partial Infegiation  Max Integration

HVAC Oiffshore Nodes

HVDC Offshore Nodes

Figure 9 Cost structure fothe Case Studg (CS2)

scenarios / High OWP

SW- j ci kTowards aBaltic Q¥fshore Grid: connecting electricity markets through offshore windfarmsB a | t i ¢

InteGrid

 The analysis performed withitne Baltic InteGrid projecivas done independently from the assessment performe8diyertz,
Svensk&r a f t nBEnérginat frudthermore, the underlying assumptions differ in some respects to Hansa PowerBridge Il project,

e.g. different connection point iGermany.

"Thebuildout in this study was assumed prior to the announcement of
were not expectable: three projects within the Baltic Sea were awatdedn the EEZ and one in the teaital waters with in the

state of Mecklenburyorpommern. Therefore, the case study does not depict the actuabbunlithin the German waters. However,

the results of the case study (e.g. the-bestefit analysis) would most likely only change slighif the case study were adjusted to

the actual situation.
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The benefits of such a system could be high infrastructure utilisation rates and cost sharing
opportunitiedbetween interconnectors and OWF connection infrastructure.

The gid costs are lowest for the maximum integration sceriati@2 billion EUR. The costs

for the zero integration and the maximum integration scenarios are: 1.37 billion EUR and
1.75 billion EUR respectively. Based on the CBA analysis, compared to thecdsese
scenario (zero integration), the additional benefits of the maximum integration amount to
1.81 billion EUR.

In addition, gid integration brings additional benefits of reducing the number of subsea
cables and landfal6fold. This is critical in terma of impact on other sea users, public
acceptance in the touristic areas and environmental protection.
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Figure 10 Case Study 2 Scenario of High OWP/maintegration- schematic builebut
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Figure 11 Case Study 2 Scenario of High OW/inax integrationi connection technology
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o Ifacritical mass is not met however,
like in the Low OWP build-out
(assuming 1.9 GWh the years 2025
- 2045 no extra benefit and no cost
reduction can be observed for wind
farm integration. Here, the zero
integration scenario should be
favoured. This means that all
projects are connected radially to

shore. Figure 12 Cost structure forthe Case Studyt
(CS1) scenarios / High OWP

Figure 13 Case Study 2 Scenario of Low OWP/zero integratieschematic builebut

Figure 14 Case Study 2 Scenario of Low OWRero integratiori connection technology

11









