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1 EXECUTIVE SUMMARY

1.1 Regional investment plans as foundation for the TYNDP 2018

The TenYear Network Development®Plan (TYNDP) for Electricity is the most comprehensive andodp
date planning reference for the paaropean transmission electricity network, prepared by the ENE.SD
presents and assesses all relevantEpaopean projestat a specific time horizon as defined by a set of
different scenarios to describe the future development and transitiomedéctricity market.

The TYNDP is a biennial report published every even year by ENE.3Cacts as an essential basis toweri
the Projects of Common Interest (PCI) list. Presently the TYNDP 2018 is under preparation.

ENTSOE is structured into six regional groups for grid planning and other system development tasks. The
countries belonging to each regional group are showigure1-1.

Figure 1-1 ENTSO-E System Development Regions

The six Regional Investment PlafigeglPs)are part of the TYNDP 2018 packadéheyare supported by
regional and pafturopean analyses and take into account feedback received from institutions and
stakeholder associations.

The ReglPsaddress challengesié system needs at the regional level. They are bas@dreBuropean

market study results combined with European and/or regional network studies. They present the present
situation of the region as well as future regional challeng@ssidering differenscenarios in a 2040 time
horizon.

Beside showing the 2040 challenges and proper scenario grid capacities to solve many of these challenges
theReglPalso showall relevant regional projects from the TYNDP project collection. The benefits of each
of the® projects will be assessed and presented in the final TYNDP publication package later in 2018.

Available regional sensitivities and other available studies are included irRe# to illustrate
circumstances especially relevant for the region. The tipegh functioning of the regional system and
future challenges regarding tlaise alsassessed and described in the reports.

Due to the fact that the ReglPs are published every second year, the Regional Investment Plan 2017 builds
on the previous investent plans and describes changes and updates compared to earlier publications. Since
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the ReglPs give a regional insight into future challenges, the main messages will also be highlighésd in a
European Systemeed reportThe studies of the regional plans and the-Pamopean System Need report
are based on the scenarios described in the scenario report.

The ReglP will strongly support one of the main challenges for ENESO establish the most efficientdan
collaborative way to reach all defined targets of a working Internal Energy Market and a sustainable and
secure electricity system for all European consumers.

1.2 Key messages of the region

The North Sed&egion faces major challenges over the coming decades. The large increase in renewable
generation across the region needed to meet European targets, coupled with the requirement to integrate th
European electricity market, results in a numberhailengesummarised below.

1.2.1 Structural changes to the generation portfolio

There wil!/ be substantial change t o astlescribectirgthison 6 s
report. Changes are already occurring, @hdpter 3.1 highlights certairemds by comparing the years 2010

and 2016. These trends are expected to continue; however, how they progress to the year 2040 is uncertair
and a number of ENTS@& scenarios have been developed to reflect this, which are analy3eapirer 3.2.

The following changes are expected in the generation portfolio across the region:

1. A shift from thermal to renewable generation The integration of renewable energy sources is
fundamental to enable the decarbonisation of society. There is an abundance of rexrevghkources
across the North Sé&egiord onshore and offshore wind, solar and hypioave® that can be exploited.
Ther mal aticad hours diecraage ioveritismedmany plants are ojdoth developments indicate
that some plants might disappear from the market in the medium term.

2. Areduction in nuclear generation.Despite a planned increase in nuclear capacity@aBritain (GB)
ther e g i owenab teend is for a reduction in nedr capacity, with planned phase outs in Belgium and
Germany, and a partial phase out in France.

3. A shift from coal to gas generationExisting coalfired power plants are being phased out due to a
combination of reaching their technical end of life anlicpgs put in place to enable tharbon emission
reductionof the generation portfolio. The phasing out of the existing coal and the aforementioned nuclear
generation requires replacement capacity to be built in order to guarantee an adequate slestiitity
andthe provision of certain system servicddexible gadired generation takes a central role in this
replacement capacity

1.2.2 Power flows across the region

The future generation portfolio will drive large power flows across the NortRR&gian. Tle diverse nature
of the generation is a major factor, avas the following characteristics:

1 Norway predominantly consists of hydroelectric generation, with its associated seasonal dispatch
patterns.

1 Renewable generation in GB and Irelandasninated by wind generation, with its hourly variable
output.

1 Continental Europe has both a mix of wind and solar generation and a substantial shafieeaf gas
generation.

1 The generation portfolio in France is dominated by nuclear power.
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This generatiordiversity across the region drivesarket exchange opportunities and consequgraiyer
flows between the four synchronous areas and also between the Member States. These power flows resulte
in a number of main boundaries bep@gviouslyidentified in TYNDP 2016:

1 Between Ireland an@B and Continental Europe;

1 BetweenGB and Continental Europe and Nordics; and

1 Between Nordics and Continental Europe West (Denmark, Netherlands and Germany)

1 As described in this reporadditional needs for wider areaossborder reinforcements have been
identified around theorth-easterrpart of France

1.2.3 Arequirement for new interconnection

Additional interconnection capacity is required across the region between synchronoushdrivksmber
States. This additional capacity:

1 Allows for the integration of renewable generation, by enabling-¢yosfer exchanges and therefore
minimising curtailment;

Hel ps security of supply t o b edrasticailychanges;ned as

Enablesmaximum decarbonisatiorthrough the sharing of energy from the diverse renewable
generation sources a European level,

Aids market price convergence through the sharing of available generation resources; and

Provides the possibilityor policymakers toreachadequacy through the sharing of generation
resourcesn a more cosefficient manneas opposed to each country acting independently.

This additional capacity will drive | ar duare.Apower
a result, existing transmission corridors widledto be reinforced, or neworridors developed tapgradehe
internal gridgso accommodate these developments

1.2.4 Offshore RES and offshore infrastructure development

The Northern Seas comprise a number of marine -atlead\North Sea, the English Channel, the Irish Sea,
Skagerrak and Kattegat. These seas experience high wind speeds and areas of shallow water. Bott
characteristics mean therepistential forthe developrant ofsignificant quantities of offsholRES

A consequence of this potential generation would be the requirement for significant offshore infrastructure
development in the Northern Seas; alreaaiwbitious offshoregrid initiativesin the regionare beng
investigated. These initiatives include:

1 Collaborations at a political level,
1 New research projects; and
9 Industry level collaboration on visionary projects.

The integration of this offshore generation was analysed previously in studies carried odd iby20
NSCOGI. Although, at a country level, expectatioheffshore RES development are lower than during the
NSCOGI investigations, the political awareness and stakeholder expectations towards offshore infrastructure
developmengre high. Previous reswdtfrom the NSCOGI studies are still valid in principle; however, the
location of some of the elements and the year of realisation may change.

The ENTSOE TYNDP18 includs the next version of the Northern Séai$shoreGrid infrastructure. This
collatesthe individual foreseen subsea projects into one building plumkever,the single projects will
ultimately be developed by the various project promoters on a modular basis.
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1.2.5 Ensuring security of supply

The expected chamg inthe regionalgenerationfleet might challenge the security of supply of all the
synchronous systems of the region.

Firstly, the weather wilhave a higher impact dhe futureenergy systerthan it has todaywWhile the Nordic
systemcontinues to bebuilt on very high hydropower capacity including large hydro reservoirs, the
Continental and the British syste@re in all ENTSGE scenarios composedla mixof high sharavind and
solargeneration unitplus some thermal plan®ftenwhen there is lowvind or solamgenerationn one area,
power can beémported from other areawith a greater productiomdm wind/solar/hydre thus helping the
situation. However, there are instances whereR@®production occurén multiple adjacent countries.

Secondly to reach the adequacy standards new flexible thermal generation is assumed in the scenarios. This
new thermal generation is not necessarily economically viable in an emd@ggynarket hence (partially)
relying upon capacity remuneration mechanisms.

To balance crosgegionalproduction and consumption exploiting lower correlations of the same RES type
and sharing the available thermal resourggsrconnectorare supposed to contributegnsue security of

supply (adequacy and reliability)Thanks to the sharing of resources, interconnectors ensure security of
supply in a more cogffective manner compared to an isolated approach requiring more installed generation
capacity on individual country level.

Reliability issues due to increasing system complexity and dumftareseen interactions ebntrol and
protection systemmustbe avoidedBlackouts in nofEuropean systems have shown that the coordination
of market rules and network codes is a must.

1.2.6 Ensuring flexibility in the region

The increases in renewable generation can result in significant load ramps being experienced within countries.
These large ramps in load result from fast changes to variable generation output occurring at the same time
as changes tthe load profile. A present day example of thisisthesl | ed O6duck cur ve
associated with the impact of solar generation. With the quantities of renewable generation described in the
scenarios, TSOs will subsequently face challenges intaiaing system balance, as the size of the load

ramps observed iSection3-3c oul d not solely be met with a count

There is thereforan increased need for flexibility across the region, which could be provided by various
sources, including additional interconnection, storage, fast acting peaking generation and sldenand
response. Storage could be beneficiathe system particularly whenever nevinterconnectionis not
economically efficient. Bortterm storagéfor example batteriesand flywheel¥and demand responkave

the potential to aidhe system in terms of flexibilityThese howevertend to respond to localised events.
Achieving full decarbonisation in the longer run (cldseor beyond 2050) could requitdarger scale
solutions, such as Compressed Air Energy Stoameer to gasndpower to heat

1.3 Future infrastructure capacity needs

The changes to the generation portfolio and the resultant power flows across the regidhedniged for
new transmission capacitfo enable this, the transmission network will require reinforcesmieoth on
crossborder and internal level This ReglP investigates the potential for additicaraksbordercapacity
increases and their impaat thetransmission network in general

The initial phases of the TYNDP 2018 process considered the development of new scen2di2s, 230

and 2040 andhssesseduture system needs for the leteym 2040 horizon. Part of this work involved
identifying crossborder capacity increases for the 2040 scenarios. These capacity increases have a positive
impact on the system. A European overview of these increases is presented in the European System Neet
report [ink] developed by ENTS in parallel with the Re§s2017.

Identified capacity increases for the North Segjionare shown irFigure 1.2. The system needs for the
2040 horizon are beingevaluated with respect to (1) markietegration/socieeconomic welfare, (2)

—
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integration ofenewables and (Zecurity ofsupply. For the North Seleegionthe 2046needs ar@rimarily
described through:

9 Further integratiotetweerNorwayandGreat Britain due to pricalifferences and due to the need
for flexibility to optimise the REQyeneration (hydro/wind).

9 Further integration between Norway and the synchronous Continental system (Denmark and
Netherlands), due t) price differencesji) the need forléxibility to optimise the RESyeneration
(hydro/wind) andiii) provision of support toDanish and Dutch security of supply in lawnd
periods.

1 Further integration between Great Britain and the Continental system (France, Belgium,
Netherlands), due t9 price differences,ii) better optimsation of the RESyeneration andii)
challengedsecurity of supply imigh demandéw variableRES (vind and solarperiods.

1 Further integration between Germany and France, BelgindrtheNetherlands (eastest) due ta)
optimisation of the productiosystem andi) challengedsecurity of supply itigh demand ankbw
variable RESWind and solarperiods.

9 Further integration between Ireland and Great Britain/France dug poice differences,ii)
optimisation of the REQeneration andi) challengedsecurity of supply in lovwind periods.

NOm

Increases of capacities from 2020 to 2040
Summary

Figure 1.2: Cross-border capacity increases in the North Sea Region?

The identified cros®order capacity increases allow renewable energy tshiaged across the region.
However, the consumer can only truly benefit if the transmission network is able to transport the
corresponding power flows. This is a significant challenge since the power flows:

1 Become more international as thestance betweethe consumer and the location where the
cheapest available energy is being produced increases; and,

1 Become increasingly volatile and less predictable as a result vhtiadlenature of the renewable
energy sources.e. the locatiowhere the cheapestqauction is available can quickly change.

These changes bring ab@uparadignshift in the role of the griddectricity grids will play acrucialrole in
facilitating RES integration oa European scale, enabling the transformatiotheenergymix. Ultimately

1 "Increases already identified in TYNDP2016" refers to the reference capacities of TYNDP 2016 for 2030 , which for some borders had
been adjusted for the TYNDP18 purpose. Projects commissioned in 2020 are not included as increases.
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it will allow European 2050 climate and energy policy objectives to be aming to maximise the
decarbonisation of our society.

The network analysis performed on the 2040 scenarios identified the congested areas of the grid, and the
corresponding need to develop new transmission capacity. W&ih highly meshed structuredense
populationand central location, the congestionsmaest pronounced in théentralWestern Europeaarea.

These congestions will require internal reinforcermemtomplement the additional crelssrder capacities.

RGNS is on the way to clogy the gap between 0 d a y 6 s theg204i0 deeds-igunte 1-3 showsprojects
alreadydn the pipeling i.e. with statusrom under consideratia being realised in the medium term.

Figure 1.3: Promoted projects

9
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2 INTRODUCTION
2.1 Legal requirements

The present publication is part of the TYNDP package and ceswith Regulation (EC) 714/2009 Article
8 and 12, where it is requested that TSOs shall establish regional cooperation within-ENIR8Ghall
publish a Rell? every two years. TSOs may take investment decisions based on tHatIREGSOE shall
provide a nonbinding communitywide tenyear network development plan which is built on national
investment plans and reasonable needs of all systens anddentifies investment gaps.

The TYNDP package complies with Reguwltautrieo Re(giuU)at:
regulation defines new European governance and organisational structures, which shall promote transmissior
grid development.

RedPs are to provide detailed and comprehensive overview on future European transmission needs and
projects in a regional context to a wide range of audiences:

1 The Agency for the Cooperation of Energy Regulators (ACER)ich has a crucial role in
coordinating regulatory views on national plans, providing an opinion on the TYNDP itself and its
coherence with at i onal plans, and giving an opinion

1 European institutions (EC, Parliament, Council) who have acknowledged infrastructure targets as a
crucial part of patEuropean energy goals, to give insightbihow various targets influence and
complement each other;

1 The energy industryincluding network asset owners (within ENTSperimeter and the periphery)
and system users (generators, demand facilities and energy service companies);

1 National regulatoryathorities and ministries, to place national energy matters in an overall European
common context;

1 Organgations having a key function to disseminate energy related information (sectosatigasi
NGOs, press) for whn this plan serves asGeommunicatbn toolkitg

1 The general public, to understand what drives infrastructure investments in the context of new energy
goals (RES, market integration) while maintaining system adequacy and facilitating secure system
operation.

2.2 The scope of the report

The presnt Redp is part of a set of documents, showririgure 21, comprising in a first step the following
reports: a Mid Term Adequacy Forecast report (MAF), a Scenario report-BuPgmean Systems needs
report and six Rdgs.

‘_—M
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Figure 2-1: Document structure overview TYNDP2018

The general scope of R&s is to describe the present situation and actual as well as future regional
challenges. The TYNDP process proposes solutismsch can help mitigat future challenges. This
approaclhis basedn five essential steggesented ifrigure2- 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 solutianto the future challenges, the TYNDP puijénas performed market and network
studies for the longerm 2040 time horizon scenarios to identify investment needs, i.e-boss capacity
increases and related necessary reinforcements of the internal grid that dgamitedating these challegyes.

The current document comprises seven chapters with detailed informatiemesgional level:
Chapter 1 gathers the key messages of the region.

1 Chapter 2 sets out in detail the general and legal basis of the TYNDP work and a short summary of
thegeneral methodology used by all ENT-&EJegions.

1 Chapter 3 covers a general description of the present situation of the Fegioe.challenges of the
region arealsopresented in i chapter when describing the evolution of generation and demand
profileswith a2040 horizorin consideration oé grid as expected by 2020.
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1 Chapter 4 includes an overview of regional needs in terms of capacity increasbsaaic results
from market and network pombf view.

1 Chapter 5 is dedicated to additional analyses carried out inside the regional group or by parties
external tahe core TYNDP process.

Chapter 6 links to the different NDPs of the countries of the region.

Chapter 7 contains the list of projects proposegtoynoters in the region atpan-European level
as well as important regional projects not part of the European TYNDP process.

1 Finally, Chapter 8 Appendix) includes abbreviations and terminology used in the whole raport
well as additional content and detailed results.

The current edition of this Region Investment Plan takes into account the experience from the last processes
including improvements, in most cases received from stakeholders guewiguspublic consitations
such as:

1 Improved general methodology (current methodology includes other specific factors relevant to
investigation of RES integration and security of supply needs)

A more detailed approach to determine demand profiles for each zone
A more refned approach of demasdie response and electric vehicles
For the first timeseveral climate conditions have been considered as well.

The actual Rel§ does not include th€ostBenefitAnalysis (CBA)-based assessment of projects. These
analyses will beleveloped in a second step and presented in the final TYNDP 2018 package.

2.3 General methodology

ThepresentRéBsbui | d on the results of st ud,whkchwetexdrrlee d fil
out by a European team of market and network experts coming from the six regional groups of ERTSO
System Development Committee. The results of these studies have been coromantkth some cases
extended with additional regiohstudies by the regional groups to cover all relevant aspects in the regions.
The aim of the joint study was to identify investment needs in thetengtime horizon triggered by market
integration, RES integration, security of supply and interconmetdi@ets in a coordinated p&uropean
manner also building on the grid plannersd exper

A more detailed description of such a methodology is available in the TYNDP 20dBuRapean System
Needs Report.
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2.4 Introduction to the region

TheRegional Group North Sea (R&) under the scope of the ENTSOSystem Development Committee
is among thesix regional groups for grid planning and system development tasks. The countries belonging
to each group are shown2r3 below.

North Sea

fz @ ¢ Baltic Sea
A

Continental
South West

R

-~

Continental Central East

Continental South East

Continental
U Central South '

-
Figure 2-3: ENTSO-E regions (System Development Committee)

The Regional Group North Sea comprisescamtries which are listed, along with their representative TSO,

in Table 21.
Table 2-1: ENTSO-E Regional Group North Sea membership
Country Company/TSO

Belgium ELIA

France RTE

The Netherlands TENNET
Germany AMPRION, TENNET
Great Britain NATIONAL GRID
Ireland EIRGRID/ SONI
Northern Ireland EIRGRID/ SONI
Denmark ENERGINET
Norway STATNETT
Luxembourg CREOS

E_T—
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3 REGIONAL CONTEXT

3.1 Present situation

The Regional Group North Sea comprises four separate synchronous systems, stiguva Bil. The four
synchronous areas are linked with HVDC interconnechdost of the countries in the region are part of the
Continental system (purple). Norway and Hashmark are part of the Nordic system (blue), while Great
Britain (orange) and the island of Ireland (green) form their own islanded synchronous systems.

The majority of the grid is comprised of 220/275/380/400 kV overhead transmission lines. Norway also
makes use of 300 kV circuits. 1180 kV circuits are extensively used in the Danish and Irish transmission
systems.

Figure 3-1: Synchronous areas of the North Sea Region
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3.1.1 Generation capacity in the region

Figure 32 compares the installed generation capacities in the countries in the North Sea Region in 2010 and
2016. This provides a simple overview of how the generation portfolio has changed in the countries in recent
years. Figure 2 alsouses these figures to pide a regional overview.

The notable trend in the region is a decline in the installed capacity of fossil fuel and nuclear based generation
and an increase in the installation of renewable generation. In 2010, these types comprised 68% ofthe region
generation capacity. By 2016, that figure had declined to 54%. There has been a reduction in the capacity of
fossitfuel-based generation in most countries, with the exception of Germany and the Netherlands. In
Germary, there has been a closurel&@fGW of ruclear generation.

This reduction in capacity is being met with renewable generation across the region. The dominant renewable
generation sources in the region are wisalarand hydre which have gone from comprisii81% of the

regi onods g etyie 2040tta4®% in 2046pvidhcvariable RES (wind and solar increasing from

14% to 29%. In particular, there have been large increasesfble RESn Germany and Great Britain.

There have been significant increases in wind generation in Denméakgdirdlorthern Ireland (NI) and the
Netherlands.

Norway continues to have a generation porfalominated by hydro generatiampwever, there has also
been some increase in wind generation in the country.

Comparison Capacities 2010 and 2016 Total Installed capacities RGNS 2016
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Figure 3-2: Installed generation and maximum consumption in the North Sea Region in 2010 and 2016
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