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ExecutivEummary

Electrical interconnections between countries make it possible to exploit the complementarities of
energy systems, to facilitate the integration of intermittent renewable production and to provide
mutual assistance at the European level for the securiti@@electricity supply in each country. Today,
thirteen! interconnection projects between the United Kingdom of Great Britain and Northern
Ireland (hereinafter the United Kingdom) and its European neighbours are being studied or are under
construction, fve of which connect Great Britain to France

The purpose of this study e assess the value of an interconnection project between France and
Great Britainin a context made uncertain by the withdrawal of the United Kingdom from the European
Union (Brexj). Uncertainties linked to the future evolution of the composition of eledtrigeneration
mixes in the various European countries are addetthéceconomic, energy and trade implications of
Brexit. The wthdrawal of the United Kingdom from the Europe&mmion leads to a new situatioifthe
composition of the UK energy mix, costs of interconnection projects and trade arrangements
particularlyrules for the functioning of electricity markets are all factors that can be impacted. In
this context, this sidy consideed several possible Brexit scenarios ¢dompare the cost of an
interconnection project between France and Great Britain to the benefits it could generdthe
selected scenarios are constructed from 2020 projections and TYDNP 2030 visior3-H-RUE5);
assumptionsgelating to the United Kingdom are changed according tadingreeof severity of Brexit's
application procedures. Twalternative Brexit contexts areonsidereda "Soft" Brexit and a "Hard"
Brexit, with each of thesecorrespondng to different leveb of coordination between the United
Kingdom and the European Union in the eledtyisector. In the context of a Hard Brexiit is assumed
that the United Kingdom is equipped with higher production capacities to ensure its secisitpf
independentlyand that the electricity marketsof the United Kingdom and continental Europare
decoupled

For each of these scenarios, and for each of ENT®3 HAHAN | YR HAodudedA &A2Y &
simulations,with an hourly time resolutiorand over 10 climatic yearf the managementof

generation storage and transmission of electricity on the ENFE§®@rimeter, are carried out using the

Artelys Crystal Super Grabftware With the exception of Frane@reat Britain, all interconnection

capacities between the ENTScountries are set dhe valuesdefinedby the TYNDP 201@etween

France and Great Britain, each calculation was carrietdiaé, with an interconnection level of 4 GW

in one instancend 5.4 GWh the other instancé Conparing of the results of these simulations made

! Source: http://tyndp.entsoe.eu/documents/TYNDP2016_Projects%20data.xIsx as well as on the project sheets
published by ENTSB on the TYNDP 2016ttp://tyndp.entsoe.eu/reference/#downloads

2 With the exception of the Ulkeland interconnection assumed to be 1 GW in 2030, corresponding to the
commissioning of the GreenLink project, which has been approved by Ofgem.

3 These 4 GW correspond to IFA (operational, 2 GW), IFA2 (approved by@RJEadd ElecLink (approved by
CRE, 1 GW). Thdditionall.4 GW correspond to the expected installed capacity of FAB Link, an interconnection
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it possible to evaluate the benefits obtained by saaieinforcementof the interconnection capacity
between France and the United Kingdaand led to the following observations:

o From 2020 to 203Qhe value ofan interconnection project between France and Great Britain will
gradually decreaseThis decrease can be observiadall scenarios: in the adaptedyNDP 2016,
andin the case of either §oft Brexit or a Hard Brexit. By 2020, an interconoegbiroject between
France and Great Britaiwould generate an average net surpfusver | f f a0SYIl NR 2 a
million/GW/year, but by 2030, due to changes in the energy mix, interconnection capacities and
lower expors from France to Great Britain, this netirplus would be reduced from 25% to 40%
depending orthe scenario.

o Brexit reduces the value of the interconnections between France and Great Britain, and much more
markedly within in the context of a Hard Brexiideed,the hypothesesmade for the United
Kingdomin a Soft Brexiwith a11% lowerenewablegenerationcapacitythanin the 2030scenario
without Brexit(and thusa reduction in export opportunities) and 4% lowerlevel ofelectricity
demandthan in the 2030 scenario without Brex@nd thusa reduction in the imporineedg
decrease the value of interconnections by about 10%. déiseasds much moresignificant and
exceeds 30% in the context of a Hard Brexit, in particular because electricity markets are assumed
to be decoupledwhichpreventsanoptimal use of the interconnection.

o The dstribution of surpluséslinked to a new interconnection is neymmetrical between the
United Kingdom and the rest of Europe. The surplus for the United Kingdom alone accounts for 70%
to 80% of the total collective surplus in 2030 and 100% in ZD@&@sequently, the gross surplus
generated by the interconnection for the ENFEQ@one outside the United Kingdom would be low
in 2030, and nil in 2020. Nevertheless, it is important to note that although this value is low for
continental Europe, it is fairom being zero for each dfs countries The gain for France is
significant in many scenarios. Contrarily, other countries are seeing their import opportunities
drop to the benefit of Great Britain.

u  The interest of an interconnection project between Eeaand Great Britain, as measured by its
net present value, varies significantly according to the terms of Bf&atNPV (Net Present Value)
2F I NBFSNBYyOS LINR2SOG oAy (GSN¥Ya 2% 02aduv Aa
129mile Yy k D2 = ¢ K S Niblllodd GWA for a $odt Brexit. T

u  If we assume that a Hard Brexit is as likely to occur as a Soft Brexatgheted\NPVof a project
will be greater if the investment decision is postpohgdwo yearsA decision taken today will be
without information on thefuture Brexit context, while a twgyear postponement will make it
possible to know the Brexit conteahd make investment decisions accordingly

project between France and Great Britain, to which the European Commissicaithibated the status of a
projectof common interes(PClI)

4 Net of additional incremental costs generated by additional losses on interconnections, without taking into
account investment costs.

5 Thisgrosssurpluscorresponds to the gross welfare increase, without taking into accthmtaidditional costs
associated with the losses. Assuming that 50% the additional losses are allocated to the United Kingdom, the
latter is allocated 80% to 90% of the net surplus for additional interconnection.
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It seems preferable to wait to know the Brexit contéefore decidngon financimg projects, unless it
is considered that a Hard Brexit has at most one chance in five of occurring.
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1 Introduction

1.1 Background

1.1.1Franceé Great Britainterconnectiamn present

At present, Britain has 4 GW of interconnection capacity with its neighbours: 2 GW with France (IFA),
1 GW with the Netherlands (BritNed) and 1 GW with the Single Electricity Market (Moyle and East
West). The high price differentials between the UK and continental markets, illustratéidurel,

reflect a potential complementarity between these systenger(erationfleet, level and demand
dynamics). New interconnection projects colblel worth itas long ashe benefits in terms of surplus
matchthe investment costs.

=
f
5
7
5
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iy

SEoeEwe SENRIT W IR SENRIW SENRETL SrruNEEw SQENRIW

BE DE/AT/ILU Nordic+Baltic Iberian Market FR GB IT
Regions (ES/PT)

Figurel - Evolution of annual averages of daahead market prices for different European market areas (source: ACER,
Market Monitoring 2015)
A number of new projects have already bempprovedby the UK regulatorgfgem), notably under
the "Cap & Floor" incentive mechanism, which has been set up to ensure a greatshaisig
between projectdevelopersand public authorities (seigure2).

The increase in interconnection capacity is part of the National Infrastructure Commission's
recommendations to the UK Government (National Infrastructure Commission, 2016) and has also
been incorporated into the National Grid prospective scenario hypotheses and BEIS projections. The
latter forecastsan interconnection level of around 20 GW by 2030 (UK Department for Business,
Energy and Industrial Strategy (BEIS), 2017).
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Cap & Floor Windw 1 Cap & Floor Window 2

- NSL (Norway, 1.4 GW)

- FAB Link (France, 1.4 GW)

- IFA2 (France, 1 GW)

- Viking Link (Denmark, 1 GW)
- Greenlink (Ireland, 500 MW)

GridLink (France, 1.4 GW)
NorthConnect (Norway, 1.4 GW)
NeuConnect (Germany, 1.4 GW)

Figure2 - Interconnection projectsdeclaredas eligible for the Cap & Floor mechanism by Ofgem

The ElecLink project (France, 1 GW) obtained a partial derogationCRE and Ofgeta the usual
regulatory obligations (in particular thogelating to the organisation of third party access to the
network, i.e. Article 32 of the European Directive 2009/72/EC) and will not be subject to the "Cap &
Floor" regulation. It will collect the entire revenue generdteld is likely that thedevelopes of the
Aquind project (France, 2 GW) are also seeking such an exemption.

Among the projects linking France and Great Britain, IFA2 has aloeadyapproved byhe CREbut
the FAB Link, GridLink and Aquind projects have not yet been evaluated byiteseAs can be seen
from the above, at least three requests for evaluation from proieloperscould reach CRE in the
coming months and years (at least the FAB Link, Grid Link and Aquind projects).

1.1.2Issuestudied

In order to examine the different pregts, their respective impacts in terms of collective surplus must
be analysed. Given the operational lifetime of eledtyimterconnectas, the assessment of surpluses
must take into account various possible developmeotghe European electricity sysin. These
scenarie may reflect energy or climate policy elemengsigrity investments in renewable sectors,
removalof certain thermal technologies, etc.), economic conditiomsich, in particular, influence the
level of demand, and dissemination of négchnologies uses and practices (electric vehicles, heat
pumps, active demand management).

In this respect, BreXitis one of the sources of uncertainty that must be considered carefully when
assessing projects connectirf@great Britain to continental Ewpe. The withdrawal of the United
Kingdond from the European Uniowotedby the British public in a referendum on 23 June 2016, could
have profound effects on the evolution of the British energy sector and on the modalities governing
energy exchangesassistance during periods of tension on the networks and coordination of
investments in infrastructure, such as interconnections.

Moreover, Brexit has a temporalithat differsfrom the othermedium and longterm uncertainties:
the negotiations now undeway between the United Kingdom and the other Member States of the

5Beyond a certain income level, an preghiaring mechanism has been set up with other network users.
" Procedure for the withdrawal of the United Kingdom from the European Union
8 United Kingdom of Great Britain and Northern Ireland (hereinafter the United Kingdom)
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European Union will result ian agreement which, as of March 2019, the date of the withdrawal of
the United Kingdom from the European Union, will govern relations between the United Kirayatb
the BJ27. Also, a number of uncertainties are expecteddaishin the next two years. It is therefore
legitimate to question the appropriateness of waitiagtil uncertaintiesare removedefore deciding

on public support for new infrastructure.

1.2 Objectives

The purpose of this study is to understand the econamgicationsrelated toincreasing the capacity

of electrigty interconnecbors between France and the United Kingdom. This analysis is carried out
taking into account the uncertainties, gawularly those generated by Brexit, on the evolution of the
electridty generationmix and its various cost items.

The aim is to evaluate the profitability of interconnection projects over their entire lifespan, taking into
accountdifferent scenariosrom commissioningo end-of-life. Indeed, ifthe benefitsassociated with

a projectexistin a given situation, for example close to the current context, timay decreaseon a
mediumterm horizon, for which the energy context will have evoRred

1.3 Modellingpol Artelys Crystal Super Grid

Calculations on which thenalyss is based were performed using the Artelys Crystal Super Grid
software Developed and distributed by Artelythjstool is dedicatedo the realisation otostbenefit
analyses ofenergy systems andin particular to the evaluation of the economic interest of
interconnection projects.

The tool consistef a graphical interface used to create the models amdnalyse the results and a
calculation engine implementing advanced optimisatiogogaithms to optimise thegeneration
dispatch with an hourly time resolution all the European countrigfer multiple climatic scenarios.

The model taksinto account a large number of technical and economic parameters including dynamic
stock managemenftuel costs, Ceanddynamic constraintsef thermalgeneration fleetgramps, start

up costs, etc.).

Furthermore,Artelys Crystal Super Gifids an investment plannghmodule, which was used in this
study.Figure3 illustrates how the software works.

% For example, a country can wotake advantage of large imports of electricity from loost baséad
production from neighbouring countries to meet its demand without using its own more expemsiveerit or
peak production capacity. However, if demathecreasesn the coming yearsand its ownbaseloadoroduction
capacity increases while the available Hasé production of its neighbours tends to decline, gains from
interconnection camgradually decrease
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Long-term scenarios

Demand, fuel and CO2 prices,
weather scenarios
Installed capacities
Hourly dispatch
*  Production costs
*  Electricity prices
:> *  Revenues
*  Social welfare
¢ CO, emissions
RES curtailment

Generation mix

Installed capacities, interconnection
capacities, investment options to ensure
adequacy

Policy decisions Joint stochastic optimisation of the
investments and of the hourly

RES and nuclear capacities, capacity electricity dispatch

adequacy criterion

4

Figure3 - Overviewof the Artelys Crystal Super Grid tool

1.4 Methodology

The grosprofit createdby an additional interconnectiobetween France and the United Kingdom is
assessed in a contegtose toli 2 R lprédjérted to 2020 and in more dista@030contexs using the
assumptionof the ENTS® TYNDP 201%projections and visions (ENT-ED2016¥or the evolution

of the Europearenergy mix

The method adopted follows the ENT&GGuidelinefor the costbenefit analysis of network
development projects (ENTSE) 2015), usually us&dfor the assessmentof interconnection
projects.For the two time horizons considered and for each led scenarios (projection 2020 and
visions 2030) of the TYNDP 2016, optimidispatci? and annuaf electricityflows'#in all the ENTSO

E countriesKigure4)® are simulatedwith Artelys Crystal Super Gridth anhourly time resolutionin

two situations: with and without an additional interconnection between France and the United

10 As explained in detain the appendixto paragraph7.8.1, the way in which Brexit is taken into accodot
the evolution of the UK energy mixdescribed in sectiog.

1 Many studies are takingsamilar approach, for example: CRE, 2@if;opean Gmmission, Artelys, May 2016;
EuropeanCommission, Artelys, April 2016

12 The flexibility of the thermal genating units is finely represented and takes account of technical parameters
and constraints such as staup costs; more details are given in paragrap8.2

13 Ekctricity trade flows between countries are explicitly simulated using a stand@(@ (Net Transfer Capacity)
model, which represents maximum exchange capacities.

14 Optimised dispatchis simulated, for each vision and each horizon, over ten climatic yedrigh are
characterised bylistinct solar and wingiroductiongeneration profileand demands.

15 More precisely 34 of the 36 countries currently in EN'ESfe explicitly modelled; the two countritsat are
not representedare Iceland (not interconnectgaénd Albania (due to the lack of data from ENJESO calibrate
the models).
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Kingdom. Thelifference incollective surplus or socieeconomic welfar® - between these two
situations corresponds to the gross profit attributable to the interconnection project.

This grosgrofit minus the cost associated with the increment of losses on the interconnection
studied’ isthen campared to the project's annuitin order tocomputean average nebenefit for the

two consideredtime horizons. The net profit somputedfor the entire ENTS@ perimeterand also
broken down byzonesin order to capture, in particular, the share of this tenefit capturedby the
United Kingdom. The net present value of the proetr its lifetimeis alsocomputed

Therestof this report is divided into four parts: Section 2 describesasgumptionsandrationale to
modelBrexit in2020 and 203@cenarios; Section 3 setatdhe economic gains related to an additional
interconnection between France and Great Britain; Section 4 analyses the profitability of projects by
comparing these gainso project costs; and Section presentsthe impact of the additional
interconnectionon flows between France and Great Britain and more generally on all European
countries.

Sech

¢ Turkey
O] i o
OE S n 8

s i i

Figure4 - Representation of the Europeapower system in Artelys Crystal Super Grid

16 An economic indicator usually used to assess the benefits of a project for the community as a whole. A more
precise definition of this indicator is provided in tappendixto paragraph?.3.
1"The ost of these losses are taken from CRE, 2016
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2 Impact of Brexit on the UK energy mix anc
presentatiasf scenarios

2.1 British background

Since the announcement of a possible withdrawal from the United Kingdom of the European Union
and Euratom, the potential consequences, notably for the energy sector, have been the subject of
controversy. Some of the poteial impacts of Brexit, as well #s extent to which they were taken

into accountin the development of scenarios 2020 and 2030, are described below.

o Economic growth The UK's economic growth rate is likely todffectedby Brexit. In line with
most work carried out on the potential consequences of Brehis studyconsiders a lower
growth ofelectrigty demand in the Brexit scenarios.

o European coordination A number of Eldlefined targets are set at the Union level, lumding
targets for the share of demand to be met by technologies using renewable es@ugsesat
the 2030horizon. Mechanisms are in place (including tenders open to neighbouring countries)
in order to exploit the sites with the best conditions first.eféfore, it is assumed here that
the wind turbine deploymenin highly coordinated scenarios is reduced in thefarkhe Brexit
scenarios.

o Access to markets The coupling of electricity marketsetween the UK and continental
Europe could be impacted Brexit. Such massumptioris considered here onliy the case
of a particularly Hard Brexit

o Security of supply The withdrawal of the United Kingdom from the European Union will likely
result in a change in the arrangements for assistance between gesmturing periods of high
tension on the networks. In scenarios reflecting this hypothehis,electricity generation
capacity iglimensionedn such a way that the UK can meet its demandtably peak demand
- without resorting to interconnections.

Many other potential consequences of Brexit are considered in the literature, but are not included in
this studybecause they are identified as less likely, or far from consensus, when the focus here is on
structuring changeaiming todraw upcontrastingsanarios: impact on the G@rice (withdrawal of

the EU ETS mechanism, modification of the Carbon Price Support), delay in the application of the
announcecdexitfrom coal in 2025, impact on investments in new nuclear power plants, etc. The impact
of the newexchange ratdetweenthe pound sterlingand other European currencies is not considered
here. Indeed, the exchange rate should only very marginally affediittsanade by British producers
onthe electricity markets, and thus thedectricitydispatch at the European level.

18 This makes it possible tissesshe impactof market decoupling on the value of interaoections.
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2.2 General principleipacbf a Soft or a Hard Brenthe
TYNDP scenarios

This studyfocuseson a scenaridbased vision of the 2020 and 203®rizons Figure 5). Two
alternatives are envisaged for 2020, reflectitifferent degreesof rigorin the application of Brexit,
which may be "Soft(contextin whichcertain conditions ofrade with the UE27are maintainedl or
"Hard" (total independence of the United Kingdom from Europe and its constraints). Twelve
possibilities are considered for 2030, a more remote and more uncertain horizon.

ﬁienn’ca!

scenarios

\ TYNDP adapted: V1

TYNDP adapted: V2

TYNDP adapted: V3

TYNDP adapted: V4

Soft Brexit: V1

Soft Brexit: V2

Today

Soft Brexit: V3

Soft Brexit: V4

Hard Brexit: V1

Hard Brexit: V2

Hard Brexit: V3

Hard Brexit: V4

2020 2030

Figure5 - Scenarios considered in the study

More specifically, three sets of scenariase analysed each including a projection to 2020,
corresponding to théExpected Progreéscenario of the TYNDP 2QH81d four possiblscenaiosfor
2030 corresponding to the four 2030 visions of the TYNDP (EMET3QL6).

Note: Two of the thre€2020 scenarios will be assumed to be identical, which is why only two
alternatives are considered in 2020, as explaindelgnre5 above.

Theassumptionaused todescribethe different possiblalegreesof Brexit within the ENTSP Visions
are shownFigure6 and described below:
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o The "Adapted TYNDP" scenarios, which do not take Brexit into account and serve essentially
as a point of comparison: it is more precisely an uptat®r the United Kingoim, of the
TYNDRssumption®. The following adjustments were madehaild these scenarios:

A Annual demand of the United Kingdom not exceeding 366 TWh in 2030 (notably for
Vision 4);

A Solar capacity in the United Kingdom increased to 12.8 GW in 2020 atdeast
14.7GW in 2030;

A Wind turbine capacity in the United Kingdasitting between 28.6 GW and 47.3 GW
in 2030;

A Interconnection between the United Kingdom and Ireland reaching 1 GW in 2030.

u  The "Soft Brexit" scenarios, for which a smaller increaseeictriity demand in the United
Kingdomis assumed for the years to comdgmand isvirtually stable between today and
2030), whichresults in a4%decreaseof the 2030 projectionsfor renewable RE$ and gas
production capacities. In addition, it is assumed that the UK's renewable energy capacities
evolve independently of anigUcoordinationpolicy’*.

o In the context of a "Hard BreXitor which the reductions in demand afRESare even more
marked than previously? and for which a decoupling of the electricity markettweenthe
United Kingdom and Europs also assuméél Gas production capacitjse to representthe
assumed capability of thenited Kingdono ensureits security of supplyithout relying on

Interconnectors
Original - - Soft Brexit - Hard Brexit
TYNDP
* Solar PV and wind
power upper bounds * Lower rate of
taken from National demand growth, and and decrease
Grid scenarios decrease of demand of demand and
* UK demand upper and renewables on a renewables on a pro
bound taken from pro rata basis rata basis

Ofgem scenarios (V4)
* Reference FR-GB

interconnection: * Absence of EU

acw coordinated (UK
* GreenlLink assumed deployment of gas capacities are
to be online renewables (in the increased)
(Interconnection GB-IE: UK: V2<-V1,V4<-V3)
1GW)
~

Figure6 - Brexit representationassumptions

1 The ENTSE 2016assumptions were mostly made 2#014. The methodased toupdate theseassumptions
are detailed in appendiX.8.

20The TYNDP data haatso beerenriched as specified in appendix8.

2L particular, this implies that, under the Brexit scenarios, the thtiswable energgapacitiesor Visions 2
and 4 correspond tthose ofVisions 1 and 3, respectively.

2269% decreasef 2030renewableelectricity generatiorcapacities gnd absence of European coordinatjon
22The modelling adopted to represent the decoupling of markets is describaghiendix7.5.
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2.3 Detaileg@resentatianf scenarios

Figure7 presents theannual production byechnologyin the various scenarios for the whole modelled
perimeter’, ENTSE ¥isions 1 and ZSlowest Progress and Constrained Progress, respectively)
assume little change in the mix between 2020 and 2030 on a European scale, with the exception of an
increase in renewable energies. They differ from each other by a higher gas production capacity for
the first Vision, due to greateelectricity demand, andby the assumed level of coordination of
renewable technologies deployment among EU countiiésions 3 and 4 (National Green Transition

and European Green Revolution, respectively) are characterised by a significant increase in renewable
energies and gasapacities (which become more profitable thaoal onesdue to the carbon price
assumption, and a decrease in nuclear, coal and lignite capacities (which are all the more pronounced

in Vision 4).
Annual generation by technology - ENTSO-E perimeter (TWh/year)
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Figure7 - Production bytechnology on the ENTSE perimeter in the various scenarios

Figure8 presents thegenerationby technologyin the United Kingdom in theonsideredscenarios (for

a situation where no new interconnection project has bealded i.e.with 4 GW of interconnection
between France and Great Britain). In the Brexit scenarios corresponding to Visions 1 and 3, in
particular in the Hard Brexit scenario, demand for local gas produidifound todecreasgin purple

and pink in the figures).

24 For this graph, theassumptionsmade for the United Kingdom are those corresponding to the "adapted"
TYNDP.
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Figure8 - Annual production bytechnologyin the United Kingdom in the various scenarios
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Comments:

1. For Visions 1 and 3, tltecreasdén domesticgas production in the UK in 2030 (by comparing
the TYNDRdaptedscenarios to the Brexit scenarios) coincides with a decline in Britain's net
imports in the Brexit scenarios, as illustratedrigure9.

2. This phenomeon is not observeit Visions 2 and 4, for which a sharp decline in the renewable
capacity in the Brexit scenarios is offset by the increase iprgdsictionand imports.

Annual net imports into Great-Britain (TWh/year)

60
50 50

50 42 45 42

40 37 34

30

18

20 I 13 10 I II 14

10

: e_n BE_1 0
-10 3 [ 3¢ [ ]
=20 10 -10-10

2020 Soft Brexit 2020 Hard Brexit 2030 TYNDP adapted 2030 Soft Brexit 2030 Hard Brexit
MVl mV2 mV3 mV4 mAverage

Figure9 - Annual net importsinto Great Britain in thevarious scenarios

FigurelOillustrates thedemandsupply equilibriumin Great Britain in 2030 over a winter week for
two of theadapted TYNDP scenagi@Vision 1 above, Vision 3 below). In VisidBrgatBritainreduces
the solicitation oits OCGDasunitsas it benefits fronhigher installedvind capacitieghanin Visionl.

Imports (local production

2030V1 does not meet the demand)

Demand
PHS
OCGT
CCGT

Exports (local production
exceeds the demand)

SOlar PV e
Wind 12030V3
ol A

LT

Coal

Nuclear

= Biomass

Figure10- Comparison of thedemandsupplyequilibrium in GreatBritain in 2030in Visions 1 and 3 of the adapted
TYNDP over a winter week (demand profiles are different because ENF 8&sumes differendtructures of the demand
and itsmanagementfor each ofthe Visions)
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3 Value of interconnecparjects between France and
Great Britain

3.1 Reductionfthe value of projects in 2880ecially the
context of a Hard Brexit

Figurell presents tle grosswvelfare increaséper GW)at the ENTS@® levelas a consequence tie
commissioningf a 1.4 GW interconnection project.

There is an overall decline in interconnection gains in the Brexit scenarios (in 2020 and 2030), and in
particular in the HardBrexit scenarios. Indeed, the Brexit scenarios are characterised by a decline in
demand in the United Kingdom, which tends to reduce the need for imports, and by a reduction in
investments in renewable energy, which can reduce export opportunities. Ttemgomena are all
especially significannh the Hard Brexit scenarios, for which it was assumed that the markets were
decoupled preventingan optimal use of interconnections.

Gross welfare increase due to an additional FR-UK interconnection (M€/GW/year)
ENTSO-E perimeter

100

83 85 a4
:g 69 ol 62 69 67 o 61 _ 62 69 w0
41 43 42
40
: WU WL
2020 Soft Brexit 2020 Hard Brexit 2030 TYNDP adapted 2030 Soft Brexit 2030 Hard Brexit

V1l mvV2 mV3 mV4 ®mAverage

Figurell- Gross welfare increasgexcluding additimal costs related to additionapower losses) on the ENTSE
perimeter due to the installation of a 1.4 GW interconnection project between France and Great Britain
One can notice that thealue of the interconnection for Visiondecreases more moderately the
context of a Soft Brexit; this is explained dgignificantincreaseof imports of Great Britain in this
scenario Figure9).

Finally, projectdose 25% to 30% of their value from 2020 to 2030 (for Soft Brexit and Hard Brexit
scenarios, respectively). This is due to the evolution of energy mixes (in particular to a drop in export
opportunities from France to Great Britain) and to the assumeckass of 10% in the global European
Union interconnectiof? levels by 2030.

Note: As discussed in more detail in Seetjdghis declinenakeshe NP\(Net Present Value) of projects
and the associated option valléghly dependenon their date of commissioniffy

25 Interconnection levels are provided appendix7.8.
26The longeia project takes before beingcommissionedthe less favourable the context will be fibiis project
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3.2 Interconnection projeltt are beneficiatiie UK

Figurel2illustrates the geographical decomposition of the gresdfare increaselue toan additional
interconnection between France and Great Britai2020.

Gross welfare increase due to an additional FR-UK interconnectionin 2020
(M€/GW/year)
150

100
83

50

-50

-100
2020 Soft Brexit 2020 Hard Brexit

® ENTSO-E without FRand UK ® UK ®France 4 ENTSO-E

Figurel2 ¢ Gross welfare increasgexcluding additional costs related to additionplower losses) due to the installation

of a 1.4 GW interconnection project between France and Great Britain, calculated on different geographical perimeters
in 2020

It shows that grosgainsat the ENTS&@& levelare of the samanagnitudeas thoseat the UKlevel, i.e.

ENTSE& excluding the United Kingdéindoes not generally benefittrom this additional

interconnection. This is due to the fact that if certain countries such as Famdeenefit from it,

others, characterised by a positive net import balarséferlosses.

Indeed, on averageverthe 2020 scenarios, the additional interconnection between France and Great
Britainresults in increasedet imports of Great Britain by 10#om 50 to 55 TWh/year)so thatsome

imports canno longer benefit other countriesknown as "net importers* such as Italy whose net

importsare found todecrease by 1 TWh/year. These net importing countries must thergfemerate

more powerusing teir local mid-merit unitsto offset the decreasef low costimports (nuclear or
NBySsglof SOd ¢KA&A KlFIa GKS STFSOG 2F AYyONBFraAy3d Gl
averagé®for Italy for example) and reducing tineonsumeisurplug®. In adlition, the decline in trade

flows between net importing countries and their neighbolimpacts their congestiorevenuesthe

impact on the volume exchanged beipgedominantcompared to the impact on pricdifferentialg.

27 EU27to which BosniaMontenegro, Norway, Serbia and Switzerland have been added.

22 The same order of magnitude is foundhether computing theaverage market prices dhe averagemarket
pricesweighted bythe hourlydemand.

2 The precise definition of the methods of calculationtlo¢ various surpluses (producsurplus consumer
surplus congestiorrents) ispresentedin appendix7.3.

30 As well as a price differential that can be reduced, as is the case between France and Italy.
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This explains a decrease in tbeerall surplus of the net importing countrigsas illustrated in a
schematic and simplified way Figurel3.

\ / Y 7 N

» + local mid-merit -‘ Higher prices

generation

o |

Lower consumer surplus
(its decrease is more important than the
producer surplus increase)

. ) f

Lower social welfare

- baseload
imports

Lower congestion rent

Figurel3- Simplified diagramillustrating the impact of the reduction of import opportunities on the surplus of net
importing countries
Figurel4 presents thegross welfare increaseéue to an additional interconnection between France
and Great Britaiff on the ENTS® perimeter and on the perinter of the United Kingdom alonédy
2030. It shows that without the United Kingdom, Europe receives only 20% to 30% of the gross
surpluses generated by an additional interconnection between France and Great Britain by 2030.

Gross welfare increase due to an additional FR-UK interconnectionin 2030

(M€/GW/year)
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80 )

60 67 49 62

40

20 44
.20 -31
-40

2030 TYNDP adapted 2030 Soft Brexit 2030 Hard Brexit

M ENTSO-E without FRand UK ®mUK ®France #ENTSO-E

Figurel4 ¢ Grosswelfare increase(excluding additional costs related to additional losses) due to the installation of a 1.4
GW interconnection project between France and Great Britain, calculated on different geographical perimiet2@30

31 Even if the surplus of their producers increases, as these countries are net importers, the irafrdzse
marginal costs reduces their consumer surfdysn amount that is larger thatheir producer surplusncrease
32 For the sake of the readability of the graph, the surplusage beenaveraged (without weighting) othe
different 2030 visions of the ENTEO
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Note: In addition to the analis conducted above for 2020, for 2030, the gains for an additional
interconnection between France and Great Britairungvenly distributecbetween the different
European countries; some net exporting countries, such as Franceheasditing from such
infrastructurewhile net importer countries are seeing their surgdesigreduced.
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4 Costbenefit analysis

4.1 Preliminary remark

The investment costs of the projects mentioned are neither audited nor final. They also show strong
dispariies® and are likely to esve. The purpose of this studyeing to analyse the value of
interconnectiors, and in particular the impact of Brexit on this value (not an evaluation of the projects

under consideration)the costbenefit analysis is noexecutedfor a particular project but for a

"refererceh LINP 2S OG> 6K2&S /! dardund theaVeragecofthie projdcB f A Rty & D2 A

The conclusions dhis costbenefit analysis are therefore not final and may evae¢he CRE carries
out the detailed examination of costghenfurther analysing each of the projects

4.2 2030netrevenugarenot necessarily positive, depending
on the Brexit context

Figurel5shows:

o Inthe histograms, in violet: the@et welfare increasedue to an additional interconnection,
from which the costs of the additional losses on this interconnection have been deducted;
o On a horizontal line, the annuity corresponding to the reference interconnection project,
which is envisaged to be commissioned by 202680 (ENTS®E, 2016).
There is a positive naevenue(difference between annual gains and costs) in 2020 (sinceribe i
corresponding to the annuities is below the upper limit of the two histograms ofettdnand side of
the figure). By contrast in 2030, the netevenueis close to zero in theontextof a Soft Brexit and
negativebye Mo YA f f A, yhecDritext &f § HaNd Brexit.

33 The project costs are presented in append.6.

34 This annuity corresponds to the sum of the annualised CAPEX over 25 years (taking into account the interest
during constructionusing a discount rate of 4.5%) and the OPEX of the project; more details on the calculation
of the annuities are given in appendh6.
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Figurel5- Comparison between costs (in blue) amekblfare increasenet of losses (in purple) of an interconnection
project between France and Great Britain

4.3 Net present value of an interconnection projectfopositive
Soft Brexit and negafinrélard Brexit

Figurel6 presents the result of the net presewmalue(NPV)calculatiori® of the reference project®® for
the variousconsideredscenarios. The NPV of the project is positive for the "Adapted TYNDP" and "Soft
Brexit" scenarios, buit is found to becomaegative in the context of a Hard Brexit. Moreowshile
the NPV islwayspositive for the United Kingdom, it éwaysnegative for all the other cairies of

continental Europe.

35 Assuming commissionirig 2022 for the "adapted" and "Soft" scenarios and in 2023 as part of a Hard Brexit.

More details on how NPV are calculated are available in appé&ndix
36 paraglaph 7.1 presentsa sensitivity analysi® the cost of the reference project
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