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1 EXECUTIVE SUMMARY
1.1 Regional Investment Plans as foundation for the TYNDP 2016

The TYNDP for Electricity is the most comprehensive apdo-dateplanningreference for thpan
European transmission electricity network. It presents and assesses all [EenEuntopean projectata
specific timehorizon aglefined bya set ofscenarios. The TYNDP is adninial report published every eve
year by ENTSGE and acts aan essentidbasis to derive theextProjects of Common Interest@® list,

in line with the Regulation (EU) No. 347/2013 ("the Energy Infrastructure Regulation").

ENTSOGE is structurednto six regional groups for grid plaing andothersystem development tasks. The
countriesbelonging to each regional group are showRigure1-1.

Figure 1-1 ENTSOGE System Development Regions

3
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The TYNDP 2016 and the six Regional Investment Plans associated are supported by regional and pan
European analyses and take into account feedback receiveth$titntions andtakeholdernssociations.
The work of TYNDP 2016 has been split in two key s#w

1 The first phas¢gsummer 2014 to summer 2018)evoted taommon planning studies and results
in thesix Regional Investment Plaasd the identification of a list of TYNDP2016 project
candidatesDuring this phase also a set of TYNDP scenarios eveldped.

1 The second phagsummer 20150 end 2016Will be dedicated to coordinated project assesssnent
using the @stBenefitAnalysisMethodology(CBA) and based on common 2020/2030 scenarios.
The results will be published in the TYNDP2016 report.

Thecommon planningtudies adasis otthe Regional Investment Planeportare built on past TYNDP,

on recent national plans, and follow a consolidated Europeavorkplanningapproachlt is worth noting
that this is an intense and continuous work, widering the finalization of one TYNDP, the development
of the next is already being initiated.

These common planning studies ainidentify the gridbottlenecks and potential investment solutiofis
panEuropean significance f@2030time-horizon in arobust, unified and consistent manner based on
best available joint TSO expertisgpecifically, this report identifiesrossborder and internal projects of
regional and/or European significance, which allow the main Eurcgresngytargets to be met with
particular regard to thetrengtheningf the Internal BergyMarket (IEM), the integration of Renewable
Energy Sources (RE@ndaddresmg security of supply (SoS) issues

Proposedrossborder interconnectionsill also build on the reasonable needslidferent system users
integrate longerm commitments from investors, aidentify investment gaps

The EuropeaiCouncil has recently (October 2014 and March 2015) sent a strong signal that grid
infrastructure development is an essential componeriaf® pe 6 s Ener gy Uni on goal
need of aninterconnectiomatio of at least 10% dafheinstalled generationapacityin every Member State

by 2020. In addition, the Council also endorsed the objective of reaching a 15% level by 2030 "while taking
into account the costs aspects and the potential of commercial exchanges", aiming at strengthening security
of supply and facilitating crodsorder tade and mandated the EC to report on their implementation.

According to the Council, this is one of the peguisites to accomplish an effective internal market for
electricity.

This panorama isne of thechallengs for ENTSOE in order to establish thest efficientand
collaborativeway to reachall definedtargets of a working Internal Energy Market and a sustainable and
secure electricity system for all European consumers

1.2 Key messages of the region
1.2.1 Main drivers for grid development in CSW area

TheContinental South West Region within ENTE embraces France, Spain and Portutfaiks
RgIP2015 for CSW Region builds upon the key findings of the studies conducted for the 2030 time horizon
in the framework othe TYNDP2014 and RgIP2014nd the 2015 CommmoPlanning Studies

The main drivers for grid development in the regdominsufficient crossborder capacity between the

Iberian Peninsula and mainland Europe and the integration of existing and future generation, mainly from
Renewable Energy SourcesHR). For instance in TYNDP2014 Visionthe RES generatian the region
represergdapproximately 57% of total generation production, equalling around 70% of total installed
capacity. This RES generatioance mainly from wingdsolarand hydrowithin thewhole CSW regionThe
decrease imucleargenerationn France and central Europs result of political decisiorad some pump
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storage potentials in the Iberian Peninark@also some of the outstanding characteristics that will
challenge the whole fute electricity systenn the region, especially transmission.

Whereas there were some areas requiring investments for ensuring Security of Supply E888)S0S
generallyremairs anissue of national importance

1.2.2 Interconnection ratio and transmission adequacy as from TYNDP2014

The European Council establishedldand 16 March 2002the objectiveo reach aninimum
interconnectiomatio of at least 10% dfheinstalled generation in every Member State

TYNDP 2014includedthe following projects with crosborder impact:
1 Inthe SpanistPortuguese border, the northern interconnection between Galicia in Spain and
Minho in Portugal (project 4);
1 Inthe Spanistirench border:
o0 the Easterninterconnection between Santa Llogaia in SpainBaigas in France (project
5) and the 400kV network in Spain to conned #astern interconnection to thgisting
network (project 213jbothprojecs arealreadybuilt);
o0 a Phasseshifter transformer in Arkale substation in Spain (project 184); and
o the Western InterconnectiohlVDC Biscay Gulf projec{project 16).
1 The BRITIB project, a multiterminal HVDC link between Great Britain, France and Spain
promoted by aonENTSOEmMember(project 182).

In 2030, despite all the projects considered in TYNDP20®intierconnection ratio for Spain vatifsfom

4,2% t06,8%depending on the scenarios (those with lEiglount ofRES corresponding to the lowest ratio
due to higher installed generation capgciand thee wasstill a significant level ofcongestion between
Iberian Peninsula and the rest of Eur¢#8%-60%) with significar price differenceTherefore TYNDP

and CSWRgIP 2014 releasalready pointed out a clear need for additional projects on the Spanish
northern border in all visions amdso mentioned some additional investigations should be conducted on the
PortugalSpain border that showed a congestion rat8%s i Vision 4.

Recently, the European Council in October 2014 recommended Member States and EC a speedy
implementation of lathe measures to meet the target of achieving by 2020 an interconnection level of at
least 10 % of their installed electricity production capacity for all Member Stéites Energy Union

package of 25 February 2015 responds to this call by presergirajegy to ensure the full integration of
the internal electricity market through adequate levels of interconnection.

In line with this, the French, Spanish and Portuguese TSOs together with the EC signed on Janaary 2015
agreemenbn a common stratedgr definingnew electricity interconnection options for the integration of

the Iberian Peninsula in the Internal Electricity Market, beyond the Biscay Gulf project. In addition, in
March 2015 the Declaration of Madrid of the Energy Interconnection 1Soksmit amonghe

Governments o$pain, FranceandPortugal, the EC and the Etiave support to ongoing regulations and
TSOsstudies.

1 coM (2001)775 final
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1.2.3 Shaping additional cross-border projects

In preparation of the TYNDP2016, in order to ensure that project portfolio is sufficient to accommodate
any of the TYNDP visions for 2030, ENTSOE conducted afpamopean iterative market study consisting

in increasing step by step the capacity of evergdoof the region and comparing the seet@nomic

welfare (SEW) from this increase to the investment cost of a potential standard project that would provide
it. The more reinforcements are added on a given border, the lower is the SEW from additieaséc

and generally the more expensive additional projects are; thus the optimal value is obtained when the
expected additional SEW does no more balance the needed investment cost.

It must be notethat this approach includes some simplification. Thetrimaportant one is théor benefits

it only considers SE\VMwherea®ther benefitshould be also taken into account in a CBA. The reason, is
that the latteare possibly more difficult to monetitiean the variable generation cogiaother
simplificationis the fact that the candidate projects are not yet defined by the time they are simulated.
Therefore the expected GTC increase is a standard value (e.g. 1 GW) and the costs of the projects are
assessed by expert view, taking into accoamfar as possibjéhe specificity of the area (e jpresence of
mountainor sea) and internal grid considerations.

As the new scenarios of TYNDP2016 were not availabféNDP2014 scenarios were used, focussing on
Vision 4 (High RES scenario) that wouldrdand most grid development. The process was coordinated
among the six ENTSOE RGs, in order to get a consistent approach.

For CSW regiomewcross border increases on top of the TYNDP 2014 projemts tested for the borders
SpainFrance, Spa#ufPortuga) SpainGreat Britain and Spaitialy. The outcome of the analysis was:

1 Profitability of increasindy 3GW the ESFR profile (from 5 GW to 8 GW, in addition tthe non

ENTSOE multi-terminal ESFR-GB 1 GWprojectasincluded in the TYNDP 2014).

1 Profitability of increasing the EBT profile by 1 GW(from 3.2 GW to 4.2 GW)

1 Non profitability of increasing E&B or ESIT.
The relevance of increasing these borders in the long term was confirmed by the results of the eH2050
project that showed in dilve scenarios simulated for 2050 time horizon a clear interest in increasing the
capacity of the northern border of Spain in order to react2d2GW. A certain increase with respect to
current value was also considered for B&PT border

It is worth mentioning that a quick assessment of the SEW from these increases under the assumptions of
the draft TYNDP2016 Vision3, i.e. lower RE8th bottan-up approacland lowerdemand showed lower

benefit that in théop-downhigh RES scenarid.heseresultsalsoimply higher efficiency of a European
common approach for optimizing the location of RES versus national and independent approaches of RES
policies.

After defining those markdiased target capacities, in preparation of TYNDP2016, grid studies were
conducted in order to shape potential candidate projects to provide them.

France-Spain:

Seven alternatives were derived from the three proposals suggestedanubey 2015 SOscommon
stratey document to address the=N capacity increasrom 5 to8 GW). Studies Bowed that two cross
borderinvestmentsvith 1,5- 2 GW capacity each are needed. In order to optimize the use of existing grid,
one of them would be in the western artl the other in the centnakstern part of the border. More
precisely:

1 Western axis betwedrandesand Navarra:

‘_—H
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o HVDC between Cantegrit (FR) and Pamplona afEes),
0 Upgrading both existing 40k Cantegrit (FR) Saucats (FRIjnes,
o0 Upgrading the existing &tegrit(FR) T Marsillon (FR) double circuit 225V line to
400kV single circuit line,
o Connection of the new Pamplona aseifstation to existing grid in Spain.
1 WesternCentral axis betweelRyrénées Atlantiqguesnd Aragon :
o0 New interconnection line between Marsillon (FR) #rdgdon regionES),
0 New 400kV line between Aragon regicandCinco Villas

Total investment costas been estimated aroudt n, iincluding internal reinforcementéccording to the
urgency stated by the Madrid Declaration, preliminary technical and environmental studies are éairrently
progress to further define the route and scope of the proposeeordss projects.

Moreover, it is worth mentioning that these investigations take into account in the reference case, additional
internal projects that would kdsoneeded for otheleasonsand have their own driverespecially:
o In France,
0 Upgrading the Massi€entral grid in the north to south direction, from Marmagne to La
Gaudiére (already included in TYNDP2014)
0 Upgrading the existing 400/ axis between northern Aquitaine aswlthern Paris area
(needed tantegrate RES and accommodate consequently the larger and more volatile
power flows),
0 In Spain
o New double circuit Ichas€astejon/Muruarte 400 kV
o New double circuit Ichasébanto/Guefieschaso 40V
0 Uprate of the tranPyrenees axis IFEscalonaEscabnaT.Foradadd.a Pobla 220 kV
o New double circuit Vievandellos/ Pierola 400 kV
Should this grid development not be realized, the 8 GW capacity could not be obtained.

Last, in the high RES scenario, even with allabevementioned grid development, significant additional
congestion is observed in contingency situations on other interembakveen SouttWestern France and
respectively Pays de Loire and Rhéne Valkelgo in Spainadditional congestion can occurthre path
between Levante and the north (Catalonia and Aragdm) between the centre ahe Basque Country
Nevertheless, thisongestion may not be confirméat new TYNDP2016 scenarios and updated list of
projectsincluding projects presented monENTSO-E membersTherefore specifiadditional projects
were not developed at this stage.

Spain-Portugal

The results of the Common Planning Studies which considers the mimstlage information of future
generation and demanas well agheirlocation, showed that the planneewnorthern interconnection
between Galicia in Spain and Minho in Portugalildmake possiblexchange capacities higher than the
values obtained in previous analysis, especially in the direction from Spain to Pathegalit can reach
the 4.2 GW value.

In the opposite direction, from Portugal to Spain, the studies performed with the above new northern
interconnection between Spain and Portugal showed an increment up to 3.5 GW, limited by bottlenecks in
the Douro rgion, highly affected by the hydro and wind production in the remgh. Therefore, a new
conceptual project consisty of new reinforcements in the Douro region has been proposed for a CBA
assessment in the ENTSOTYNDP2016framework. Additional studgewill be needed regardirig this

project, including the clearly identification of the potential investments associated.

—
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As a general rematk the regionit should be noted that the investigaticosductednainly referedto

steady state analyses. The dynamic system behaviour under severe contingencies (and especially the
frequency stability) must be subject to complementary stusiiese larger and more volatile transit flows
over longer distances trigger new technidaltenges regarding system operation (frequency control,
reserve management, voltage control, éispecially the connection of the Iberian Peninsula to continental
mainland via DC and AC technology with only limited contribution of AC is an unusuatisituthat

deserves specific studies.

In order tobe closer tahe 10% interconnection ratio, alsoastditional conceptual projebas been
proposedn the Frenckspanish bordeior a CBA assessment in the ENT-&3ramework

With all proposed projectshe interconnection ratios of Portugal and France are higher than 10% in 2020
and 15% in 2030 for atlraft TYNDP2016scenarios.

On the other handhe situation for Spaiis pretty much improved from current values, and from the
situation presented iime TYNDP 2014, however there is still a gap to fulfil the objectivVas.
interconnection ratio for Spain éound 8% in 2020after commissioning of Biscay Gulf and the northern
interconnection with Portugdh 2030, the interconnection ratio with ptead projects is in the range of 7
9%. With all projects in thdist of project candidatethe ratiowill be higher than 10%Alsoit is worth
mentioning that complementary ratios can be computed in order to give a more wide perspective of the
interconnectin situation per country (e.g.: dividing import capacity by peak load or dividing export by
generation capacity).

Morover, 2 storage projects (pumping hydroyaéeen accepted and will be assessed in the TYNDP216:

o 3300 MW in Mequinenza (Aragon)

o0 574 MWin Montearenas (Leon)

0
Last, some other additional projects will be assessed during the second phase of TYNDP 2016 although
they do not fulfil the draft EC Guidelines.

1.2.4 Energy transition requiresgrid,and t he grid requires every

A majorchallenge is that the grid development may not be completed in time whereas RES targets are met
as planned by 2036r to fulfil the political objectivesAt present many stakeholders support grid

development to facilitate the changes in the energy systietime same time, other stakeholders that are
directly affected by new lines or ngwwerplants show only a low level of acceptance for the new
infrastructurs. Thislow social acceptance plus the lengthy permit granting procedures often causes
commissioing delays.

In this respect, PCI laldalg is expected to smooth the permitting process and facilitate the fast tracking of
transmission infrastructure projects, including the propdsahe stop shop and defined timelines. In

addition, the Madrid Declation of the Energy Interconnection Links Summit on 4 March 2015 appealed to
strong involvement of all, including EC, Member States and all relevant parties in each country in order to
meet the ambitious deadline aghievingthe interconnection objectin®y 2020. It also established a High
Level Group in order to coordinate and monitderconnection projects.

A stable regulatory framework, ensuring the investment costs will be included in the tariffs is also essential

to ensure grid development candmempleted in time, and this is the task for the Regulators. Although grid
projects provide a net reduction of the power generation costs, they represent large investments and

‘_—M
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financing them still remains an issue for TSOs in times of limited public fesar@and therefore securing

the perspectives of investors is key for success. In this respect, the Madrid Declaration welcomed all
support available at European level, including the Connecting Europe Facility, the Structural Funds and the
European Fund fdBtrategic Investment.

&____ﬂ
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2 INTRODUCTION

2.1 General and legal requirements

The TYNDP 2016 packagdeveloped over the course of two yeard, be composed of the following
documents:

1 TheTYNDP report provides a helicopter view on the grid development in Eyribgbowswhere
progress is made and whergpportis still neededand it provides a standlized assessment of all
projects of parEuropean significance.

1 Thesix RegionallnvestmentPlans analyse th@power system development from a regional
perspectivebased on common guidelines, and identify investment needs linked with a set of
proposed projes

1 TheScenario Development Reporsketches a set of possible futures, each with their own
particular challenges, which the proposed TYNDP projects must address. All TYNDP projects are
assessed in perspective of these scenarios.

1 TheScenario Outlook & Adequacy Forecast (SO&AF)is delivered every year ardsesses the
adequacyf generation and demand in the ENT-&Unterconnected power system on #radd
long-term time horizons.

1 TheCost Benefit Analysis Methodology (CBA)Js developed by ENTSE and adopted by the
EC, allowsthe assessment wifrastructure projects imeobjective, transpareand economically
sound manner against a series of indicators which range from market integration, security of
supply, integration forenewable energy sources (REBto environmental impact.

TheRegional Investment Plans greblishedn summer2015 andocuson regional planning studies and
the identification of the paRuropean project candidatdsprovides key information tanderstand the
need for new projects, which are listed and published for public consultation urSlapidmber

The Regional Investment Plans are complementednbgretoring update of the TYNDP 2014
investments, providing insight in the changed statukese items and possible reasons.

The TYNDP reporwill be deliveredby end of 2016 and will concentrate iodividual project assessments
based on common scenarios, data and Gig#odology.

‘__”
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' TYNDP2016 Project Candidates
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Project assessment

Draft TYNDP2016

| |

v

Public consultation -
‘Ei Final TYNDP2016

e

Figure 2-1 Overview of a tweyear TYNDP process

The present publication complies with RegulafiB) 714/2009Article 12, where it is requested that
TSOs shall establish regional cooperations within ENFES@hdshall publish a regional investment plan
every two yees. TSOsmay take investment decisions based on that regional investmerENBEOE
shall provide a Communitwide teryear network development plan whiclbisilt on national planand
reasonable needs of all system users, and igesitiffestment gap

As of 2016, the TYNDP package must also comply with Regulation (EU) 347/2013. This regulation sets a
new European governance to foster transmission grid developastablishe®rojects of Common

Interest (PCIs), foresees varidosls (financial, permitting)to support the realisation tiiesePCls, and

makes the TYNDP the sole basis for identifying and assessing the PCls according tBangtist

Analysis (CBA) methodology. The ENTSE CBA methodology has been developed since 2012, based on
staleholder consultatiognd theopinions of ACER, Member States and BECjas been adopted by the EC

in February 2015Work continues to further improve the methodology

This Regional Investment Plas such is tprovide information orfiuture European tramission needs and
projectsto a wide range of audiences:

1 Agency for the Cooperation of Energy Regulators (ACER) wisataucial role in coordinating
regulatory views on national plans, providing an opinion on the TYNDP itself and its coherence
withnai on al plans, and giving an opinion on the

1 European institutions (EC, Parliament, Council) who have acknowledged infrastructure taagets as
crucial part of parEuropean energy goals, to give insight in how various tangiétence and
complement each other;

1 Energy industry, covering network asset owners (within ENFES@@rimeter and the periphery)
and system users (generators, demand facilities, and energy service companies);

‘_M
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1 National regulatory authorities and ministriegsplace national energy matters in an overall
European common context;

1 Organizations having a key function to disseminate energy related information (sector
organi zations, NGOs, press) for -whoothis plan

1 The general pblic, to understand what drives infrastructure investmerttsicontext of new
energy goals (RES, market integration)

2.2 The scope of the report

The scopand focusof thepresent Regional Investment Plans has evolved as compared to the past editions
of 2014. This Reginal Investment Plan focuses on a set of common planning studies performed across
ENTSOEGs regions with particular attention for t he

TheRegional Investment Plgresentshe methodologies used for thedadiesrelevant results and
assumptions, and the resultiiigj of the project candidates nominated by project promoters.

At present no etailed CBA analysigs provided in the Regional Investment Pl&his will be a key
element of further studies leadingtte final TYNDP2016 repottb be released next yedihis regional
report takes the opportunity also to inform readersegionalcontext, studies and projects

These studies reonfirm the main findings past TYNDP studies as well as others in termainf m
corridors, general scenarios, and the key conclusion that an energy shift requires targetptbfafture
infrastructure.

2.3 General methodology

This Regional Investment Plan 2015 builds on the conclusions of a Common Planning Study carried out
jointly across the six regions of ENTSD6 s Syst em Devel opment Comigi ttee
to identify investment needs triggered by market integration, security of supply, RES integration and
interconnection targets, in a coordinated-gamopean manner building on the expertise of all TSOs. These
investment needs are translated to newggtajandidates where possible, and give in most cases a re
confirmation of past TYNDP2014 projects. This chapter explains the overall planning process of how

project candidates have been identified by market studies, network studies and regional knbuelexige.

details about this process as well as regional intermediate steps can be found in Appendix 7.1 and 7.2.
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Figure 2-2 Common Planning Study workflow

Market Studies

All regions have jointly investigateall borders in order to identify the most beneficial ones based on a
criteria of SEW/costatio. The SEW indicator represents the socioeconomic welfare ofyefulimarket
simulation. The cost indicator is an estimation of the capex of a potentiabonaies capacity increase,

including necessary internal reinforcements. Note that both indicators for a given capacity do not represent
the same level of detail as the cost and SEW indicator retrieved in a CBA assessment for a specific project.

The analysigs carried out across the ENTSOperimeter in several iterations, each time increasing border
capacities identified as being most valuable for the European system.

It is worth pointing out that this approach includes some simplifications. The mostampame is that it
simplifies the benefits just as SEW, without taking into account additional benefits, which are possibly
more difficult to monetize than the savings in variable generation cost. Another one is the fact that the
candidate projects are inget defined by the time they are simulated. Therefore the expected GTC increase
is a standard value (e.g. 1 GW) and the costs of the projects are assessed by expert view, taking into
account the specificity of the area (e.g. mountain, sea). Cost ofdhtgid reinforcements considered as
needed to get the expected GTC increase is also included in the cost of the candidate projects.

As a reference scenario the TYNDP2014 Vision 4 is taken, which represents the most challenging scenario
coming from the prsent day situation and the most useful to identify new investment needs. Even if this
scenario does not become reality by 2030, it can for the purpose of this planning study still be seen as a step
between 2030 and 2050. In addition to the-Bamopean stdy iterations, regions repeated the exercise or
performed a sensitivity analysis on the outcome to gain additional insight in relevant investment needs that
trigger project candidates or evaluate other regional aspects, for instance Security of Supply.
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Network Studies

Following these market simulations, network studies on detailed grid models show possible bottlenecks that
would not allow the result from the market studies come true. This allows to explore reinforcements, to
design suitable project canidites and update markedsed target capacities resulting from the initial

market study iterations. Depending on the models and tools used in a region, the translation from market to
network studies can be done in two ways:

1. Select and study an adequate bemof representative Points In Time (PiTs), based on the flow
duration curves for the each studied border. Complemented this with a second analysis of the regional
grid by means of ower Transfer Distribution Fact(fPTDF) matrix which gives approximafows.

2. Compute all8760 hoursin a yeamwith demand and generation dispatch profiles obtained finanket
studies irfull DC load flow calculations.

These network analyses allow to tpstject candidates assuitablegrid reinforcementso eliminate
bottlenecks.

Regional knowledge

Market studies focus primarily on SEW/caeatios. Network studies identify additional (internal) capacity
needs. Sensitivity studies of market simulations (e.g. an extreme condition) and in particular network
studies allowto capture additional views and model interpretations based on regional experts, and in many
cases complementing the findings of national development plans and/or past studies.
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2.4 Report overview

This chapter describes how the report is built up and the content of the different chapters.

Chapter 1i Executive Summary

In this section the key tal@®wvays of the region are presented and it is explained how the development of
the report fits into the TYNDP2016 process.

Chapter 2- Introduction

This chapter sets out in detail the general and legal basis of the TYNDP ®nydrall scope of the

report and its evolutions compared to the previous regional and TYNDP plans. The reader is presented with
a short summary of the planning methodology used by all ENE $€gjions.

Chapter 3i Regional Context

This chapter describetbe general characteristics of the region, in thés adtuation and in anticipated
evolutions up to 2030 and beyond. It gives a general overview of TSO collaboration efforts in regional
planning based on pdfuropean methodologies and coordination.

Chapteer 41 Regional results

It gives a synthetic overview of the basic scenarios and assumptions used in common planning and the
overall results. The results are also placed in perspective of further ahead challenges and roadmaps leadin
up to 2050.

Chapter 5i Project candidates

This chapter gives an overview of all projects proposed by promoters in the region, labelled as either
TYNDP projects or projects of regional relevance. It links these projects to investment needs identified in
ENTSOE joint TSO studieglarifies possible barriers to address these system needs, and gives the baseline
for future project CBA assessments (e.g. by means of boundary reference capacities).

Chapter 6i Next steps

This chapter presents a look forward on how the TYNDP workoaiitinue in the next year, leading to a

full TYDNP2016 report.

Chapter 7i Appendices

This chapter gives more insight in the used methodologies, as well conducted market and network studies.
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3 REGIONAL CONTEXT

The Continental South WeRegionalGroup (CSW RG) under the scope of the ENTESQystem

Development Committee is among the 6 regional groups for grid planning and system development tasks.
Thecountriesbelonging to each group are shoinrthe Figurebelow. CSW RGcomprises three countries,
France Portugal andpain with the irvolvement of 3 companies / TSOs : RTE, REN and REE. The list of
ENTSOE countries and TSOs in the CSW RG owtirhere is presented in TaBld below:

North Sea

a g -

Continental Central East

Baltic Sea ¢ !
H e'
Continental
South West

Continental
’ Central South

Continental South East
- s
-

Figure 3-1 ENTSQE regions (System Development Committee)

Country Company/TSO

France RTET Réseau de Transport tBEtricité
Portugal RENT RedeEléctricaNaciond, S.A.
Spain REET Red Eléctrica de Espaftfa.A.U.

Table 31 ENTSGE Regional Group SWmembership

3.1 Present situation

Thelow interconnection between the Iberian Peninsula and the rest of Europ&ndrend solar
production the hydro generation and the impact of the temperature in the corsuangtithe main
featuredor the CSW region

The following figuregreport the details of the generation mix, in terms of installed capanityal
generatiorand balancem 2014

—————
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Figure 3.11 Installed capacitieandannual generation and demand in RG CSW (2014)

As it can be seen from the figuresthe CSW region the main contribution to cover demand comes from
nuclear energy which represents 61% of the total demand of the region and 28% in terms of installed
capacity. Wind energtogether withsolar energy provide 13% of the demand and repre8étof the

total installed capacity.

In 2014, Portugal resulted to be a net importing count®/TWh), and France and Spain net exporting
countries 65.1 TWh and3.4 TWh respectively)

The followingfigure contains a map wittiverse level of Net Transf Capacities (NTC) in the CSW

region.The NTC is the maximum exchange program between two adjacent control areas that is compatible
with security standards and applicable in all control areas of the synchronous area, whilst taking into
account the techraét uncertainties on future network conditiombe values represent the maximum
capacityavailable In operatiorthosevalues can vary bgnehourto the other bBsed on the availability of

grid elementschanges in generation portfohmdnewexpectedlows previouslyunplanned.
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Figure 3.1-2 lllustration of Net Transfer Capacities in the CSW region (2014)

Currently,by mid 2015the NTC valuebetween France and Spaire in the range of 126400 MW

from France to Spain, and 92000 MW from Spain to France. However, these values are considerably
lower than the requirements of the market, as can be seen Tigthate of congekin on thisborder in

2014. It should be noted that the Iberian Peninsula (Portugal and Spain) is almost an electrical island, with
four interconnectors between France and Spain inllh@ummer2015 the newHVDC Eastern

Interconnection between Sta.Llogaiad Baixas is commissionethis former TYNDP project will be the

first new crossorder project between France and Spain in the last 30 years, will allovingdhil

exchange capacity amdll help redudng the congestion and isolation of the IberiamiRsula.

Although the 20% NTC values between Portugal and Spdir00-2300 MW from Portugal to Spain and
18062300 MW from Spain to Portugal) are higher than those between France and Spain, some constraints
still occur (in 204 the congestion rate wd%o) and additional investmenareneededthenewNorthern
Interconnectiorbetween Galicia (ES) and Min{BT) and some reinforcements near Sevilla (ES)

achieve the main political goaté 3000 MW NTC established for reaching a complete operationaldberi
Electricity Market (MIBEL).In 2014 the nevoutherrinterconnection Puebla de Guzman (ES)vira

(PT) has entered into operatiominforcing the capacity, mainly on the direction Portugal to $paith

reducing the congestion in around 6%

The Coninental South West region is also interconnected with Morocco, which isBM6SOE

country. Current NTC values with Morocco have not changed since the commissioning of the second cable
in 2006. These NTC values are 600 MW from Morocco to Spain and 99@&mn Spain to Morocco.
Additionally, this border experiencégh flows from Spain to Morocco for almost all the hours of the year.
This situation is expected to remain similar in the following decade.
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3.2 Main drivers

Developments in the electricity sector such as the implementation of market mechanisms and integration of
renewable generation on a large scale have a significant impact on the system operation conditions in
Europe and on the CSW Region as well. This pegsficant challenges to peripheral areas in Europe,
particularly for those that are not sufficiently interconnected with Central Europe as is the case with the
Iberian Peninsula.

In the CSW regionthe main drivers for system evolution can be brieflynsoarisedas follows

9 Insufficient cross-border capacity: i.e. structural market congestion between price zones, namely
between the Iberian Peninsula and the rest of the Europe.

1 Existing generation integratiorn areas where existing generation cannot be transmitted reliably in
all situations as a result of a change in surrounding power flow patterns; in fact, in some particular
operation conditions there is RES spillage in the Iberian Peninsula due to interstahinits or to
the insufficient crosdorder capacity between this region and the rest of the Europe.

9 Future generation integration: areas where new generation facilities have asked (or are likely to
ask) for connections, as may be the case of largepplants and/or distributed generation,
whether RES or not, and the existing network does not assure conditions for adequate integration
(e.g, hydro generationith and without pumpingn north of Portugal and solar energy in all three
countries).

1 Security of Supply in certain specific areasthe goal of assuring appropriate power supply
conditions on some cities and local bottlenecks has created the need for several regional
investments. Nevertheless, in 2030 SoS will be generally an issue afah&tiportance rather
than European significance.

Based on the drivers listed above, several transmission expansion projectaf@agan and of Regional
significance wee already planned within the CSRégion in the past TYNDPs.

The identification ofurthercross bordenetwork developmenieed triggered by bulk power flows,
especially under high RES conditionas it is in the scope of this documegannot leave behind and in
fact should start from the analysis of theget capacitieand consegently of the transmissicadequacy
needgeported in the last TYNDP 2014.

For everycrossborderboundary, thenarket basethrget capacjtcorrespondin essence to the
transmission capacity above which additional development would not be profitédims of SEWi.e.
the economic valutor the systentderived from ap additional capacity quantum cannot outweigh the
corresponding costslowever it must also be considered if the criterion on minimum value of
interconnection ratio set by the Europeamu@ml as a prerequisite for an efficient market functioning are
met (see section 5.5 belowhen, comparing the target capacity and the project portfolio for evesyg
borderboundary, a transmission adequacy index can be supplied.

The transmissioadequacy prospect in the @Segion is depicted in the following figure, showing that for
the regionaboundaries, the TYNDP 20H4ill gave room for potential development needs to be
investigated in the framework @YNDP 2016common planning activities.

‘__”

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000 Brussels A Belgium A Teitsoeteu32



Regional Investment Plan 2015 e n t S O@

Continental South West region

Adoquerte 1 o Visons

Figure 3.2-1 Transmission adequacy by 2080TYNDP 2014

3.3 Interconnection ratio - Madrid declaration 4th March 2015

The current interconnection capacity between Iberia and mainland Europe is too low to enable the Iberian
Peninsula to fully participate the internal electricity market.

The European Council establishedidhand 16 March 200the objectiveof reaching a minimum
interconnectiomatio of at least 10% dheinstalled generationapacityin every Member Stateln the
EuropeartCo mmi ssi onds view, the EU energy policy goal
targets will not be achievable without a fully interconnected European electricity grid with more cross
border interconnections, storage potential and smart grids tagaalemand and ensure a secure energy
supply in a system with higher shares of variable renewable energy. In this respect the gradual construction
of the parEuropean electricity highways will also be crucial. The Commission announced in January 2014
its intention to monitor the level of interconnections between Member States, with particular urgency
between those that are furthest away from meeting the agreed objective of 10% of their installed production
capacity.

More recently he European Council in @ber 2014 called for speedy implementation of all the measures
to meet the target of achieving by 2020 an interconnection level of at least 10 % of their installed electricity
production capacity for all Member Statdhe Energy Union package of 25 Fedmyi2015 responds to

2The COM (2001) 775 establishes that #fAall Member States should acleasteve a | ev
10% of their installed generation capacityo. This goal was confirmed at th
chosen as an indicator the EU Regulation 347/2013 (annex IV 2.a) The interconnection ratio is obtained as the sum of importin g

GTCsltotal installed generation capacity
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this call by presenting a strategy to ensure the full integration of the internal electricity market through
adequate levels of interconnection.

In October 2014he European Counciddedalsoan indicative objective for 2030, amhance this

threshold to 15% while taking into account the cost aspects and the potential of commercial exchanges in
the relevant regions.

AThe completion of the internal electricity mark
eneagy supplies for all consumers and a greater share of electricity generation based on variable

renewable energy sources require more than 10 % interconnection capacity, and efforts by the EU and
Member States must be guided by the need for all Membes &tatsach at least 15 % by 2030. At the

same time, differences between Member States in terms of geographic location and structure of energy mix
and supply mean that a cabg-case approach based on a thorough assessment of the bottlenecks, taking
intoacount the costs, is neededo.

Bothtarges areaimed to be achieved mainly through the implementation of the projects of common
interest (PCIs).

At present, based deuropean Commission Communication on 25 February3204:6lve Member States,
mainlyin the periphery of the EU, main below the 10% electricity interconnection target and are thus
isolated from the internal electricity market:

ratio <=5%
5%< ratio <10%
10<=ratio < 15%
ratio >=15%

Figura 3.31 Interconnection levels for electricity in 2014: SourE€, communication 25/02/2015

3 Energy Union Package. Communication from the Commission to the European Parliament and the C ouncil. Achieving the 10%
electricity interconnection target. Making Europeds electricity grid fit f
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The TYNDP 2014ncludedfor the CSW regiotthe following projects with crosisorder impact:

1 Inthe SpanistiPortuguese border, the northern interconnection between Galicia in Spain and
Minho in Portugal (project 4).

1 Inthe Spanistirrench border, the eastémerconnection between Santa Llogaia in Spain and
Baixas in France (project 5), the 400kV network in Spain to connect the eastern interconnection to
the existing network (project 213), a Phabidfter transformer in Arkale substation in Spain
(project 18), and the Western InterconnectibfvDC Biscay Gulf projec{project 16).

1 The BRITIB project, a multiterminal HVDC link between Great Britain, France and Spain
promotedby anonENTSOE promoter(project 182).

From these e northern PES interconnectin, the PST in Arkale, the Biscay Gulf project and the 400kV
network in Spain to connect the eastern interconnection to the existing network were included as Projects of
Common Interest in the 2013 list.

In 2030, despite all #projectsconsidered in TYNDP201the interconnection ratio for Spain varies from
4,2% in Vision 4 to 8% in Vision 1, and thee is still a significant level afongestion between Iberian
Peninsula and the rest of Eurq@@%-60%)together with significant priceifferences Thereforethe
Regional Investment PlaBSW 2014 releasalreadypointed outa cleameed for additional projects on the
Spanish northern border in all visiomsreach the objective of 10% interconnection ratitd it also
mentionedhatsomeadditional investigations should be conducted on the Por&ugih border that
showed a congestion rate @02 in Vision 4

In line with this, the French, Spanish and Portuguese TSOs together with the EC signed an agreement on
January 2015 on a commestrategy for the development of new electricity interconnection optieysnd
the Biscay Gulf projedor the integration of the Iberian Peninsula in the Internal Electricity Market.

In addition, in March 2015 the Declaration of Madrid of the Energgréonnection Links Summit among
the Governments @pain, FranceandPortugal, the EC and the EtBves support to ongoing regulations
andTSOsstudies.

Therationak behind this Declaratiois the need to develop the Iberian integration in the inteteatricity
market, also taking into consideration the importance of the existing projetitefoonnection between
Portugal and Spain, to enable:

A The Iberian Peninsula to fully benefit from the advantages of the internal electricitet.

A The cental European market connected through some countries with the Iberian Peninsula to
benefit from some of the comparative advantages present in the Spanish and Portuguese markets,
such as thavailability of clearer electricity atcompettive prices (e.g. wewinters).

A Toincrease security of supply through the internal electricity market, taking advahtage
existing generation capacity already installed in the Iberian Peniteglely kased on RES and
also on low carbon technologies (CCGT), thesedaes welkupported by the presence of half of
the LNG facilities available in Europe.

The Declaration of Madrid highlights the urgency of conducting further investigations aiming at developing

and followingup on theTYNDP2014electrical interconnection projects in order to reach 8 GW capacity
for the FranceSpain borderThe presentlocument displaythe most ugo-date information on this topic.
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4 REGIONAL RESULTS
4.1 Scenarios and study results
4.1.1 Choice of the scenarios

In order to identify a wider spectrum of further potential needs, it is particularly relevant to refer to the most
inet work demandingodo conditions. I n this respect,
development conditions has been chosestarsing reference, leading to intensified interactions between
market areasaindhigher usage of the transmission capacity.

Starting from thisasic scenario (TYNDP2014 Vision &ommon Planning Studies have been performed
within the CSW region in ordeo:

1 identify in a complete, consistent and transparent manner further transmission development needs
(especially from a market perspective)

1 assess the robustness of the additional needs by means of market and network studies including
regional sensitiities, to properly set future target capacities. In this stresdraft TYNDP2016
Vision 3scenario has been used for thatpose

7 define conceptual development projects to achieve target capéoitibanarketrased and
political objectives)

1 provide information on gaps or additional investigations that are necessary inveastl ihot be
possible to propose any even conceptual project to meet the target.

According to the general methodology described in chaptere2adrk studies were alsmmnducted for
TYNDP2014 \Msion 1 andVision 3 in order to shape additional candidate projects and needed
development/upgrade of internal gri&me TSOs also conducted some investigations with draft
TYNDP2016 Vision 3.

The results of the @nmonPlanning Studies reported in detail in #hpresenthapter, confirmed the
preliminary findings of the TYNDP 2014 and especially the opportunity to condidiher to the projects
already planned in the TYNDP 2014dditional transmission capacity increaseshe borderg the
region

Nevertheless hie results fothe basic scenarid Y NDP 2014 \ision 4) for Common Planning Studies

present some difference regarding the ones obtained in the RgIP 2014 due to the starting overall hypothesis
accepted in the press in order to get consistency in the results from all RGs: European dataset and RES
profile from the climate data base were considered and other simplifications in contrast to some regional
characteristics and other issues analyzed in the RgIP 2014.

4.1.2 Description of the scenarios

The following figuresshowbasic assumptions of TYNDED14Vision 4 scenaridefore the startingf the
Common Planning Studies, naméhg installed capacities and the annual generation and demand per
country in the Contineat South West Region.

4 Scenario provisionally released in April 2015 for internal ENTSO -E use, and submittedto  public consultation. Afterwards the final
one will be included inthe final release of TYNDP 2016 Scenario Development Report made publicly available in the ENTSO -E
website.
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