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lLExecutive Summary

Of gem has developed the cap and floor regime to encour e
third thpoandpplication window ran from 1st September 2
ran an Offshore Hybrid Assets'SepHaAMmMbapp ROkt i en 3e22o0d I
nine projects are being assessed as part of the Needs
the third window and the OHA pilot scheme.

Of gem and ARUP developed a new needs case assessment f

OHA pil ot scheme. The assessment features eaeclbmmand cse
wel fare, system operabil imay,k edon anipracxitrst) ,c asstcsa r (bboanli assmactiin
hard to monetise i mpacts.

This analysis that the NESO has undertaken is broken down into five main assessment areas. These are:

I Constraint costs i quantifying the potential impact of the Window 3 and OHA pilot projects on
constraints on the network. Also referred to as balancing market impacts.

Frequency Response i the potential impact of the projects on system frequency.
Reactive Power i the potential impact on system voltage.

Restoration T the potential impact of the projects on restoring power to the system in the unlikely event
of a power outage. Restoration was previously referred to as Black Start.

1 Curtailment i the potential impact of the Window 3 and OHA pilot projects on renewable energy
curtailment.

Ofgem published their minded-to position in March 2024, with a consultation closing on 31 May 2024. Based
on stakeholder feedback, we have rerun the analysis with several updates:

1 For the Nautilus OHA, the capacity of the line connecting the offshore platform to Belgium (Line 2) has
been reduced from 3.5GW to 1.4GW

1 Demand and generation data for Ireland has been updated to reflect that within the final version of the
TYNDP 2022.

1 We have included a Constraint Reduction Factor (CRF) to provide an updated forecast of additional
constraint costs due to the construction of a new interconnector. The CRF assumes additional
reinforcements are developed over and above those already identified and these would reduce future
additional constraint costs.

We have rerun the RES curtailment avoided analysis.

1 The frequency response, reactive power support and restoration analyses have not been rerun as the
changes to the scenarios would not have resulted in material changes to the results. Hence this report
contains the original analysis published in March 2024.

This report provides an explanati onNBSOthaes assed sane nwe |

anal ysis alrmhde rreespwilrtts .hi ghlights where results have chan
March 2024, and provides an explanafhenaaal yei shgnthee:t
report, along with the work ARUP has undertaken as par
wi ndow and OHA pil ot wi || enable Ofgemsumemsseoeéssthhev

interconnétctoMHgbedadet s.

For the First,whedi tihena&€lonsdasai nt Reduaddioni ¢craalt ocomst m
are highleatdadetltHédé ng compared to the modelfldrmgalulndprmrdjaedk
scenarios except for .LLritCCaadd MMaee€Ganeett show a 1
constraint costs for Leading the Way. Mar esConnect als
Consumer Transformation.
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For the FirstwhAedi tihen&Llonsasa,i nt RedddiitoonBhcrtonstisahn
materially | ower than when the CRF is not applied and i
| ower than in the original (March 2024) results.

For the Margi ngwhé&dddi héeéo@ahstcmaaient Redutchtei oand dFatcitoonra li sc
costs are higher in the | atest modelling compared to tF
all scenari os, ,exwhe pcth fsohro wNsa uat irleudsucti on i n add.itional

For the MarginawhAdditheofahstasent Reduction Factor is
are materially |l ower than whmeansitntshtea nGcRFs itsh en oatd dai ptpiloinead
|l ower than in the original (March 2024) results.
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Window 3 and Offshore Hybrid Asset Pilot Proj

I n August 2020, Of gem | aunched a review of their re
interconnectors. Of gembés intércpunmleicsloed piolhi DPgcemlvere w2
intention to | aunch a third cap and floor application
window for offshore hybrid assetspoOpédse pneei gesnh gc tra
opened the third application window for electricity int
January 2023. Seven projects are being assessed as pa

The OHA pil ot amphiftcrdéBetphembend?20s2Qc ttoob etrh e2 03212, wi t h t
being assessed.

Tablel: Cap and Floor Window 3 projects and Offshore Hybrid Asset pilot scheme préjects

Project Asset Ty Capacity Connecti GB Connecti Assum_ed

country Operati on
Ami nt h w3 1400 Denmar k Mabl et hor ¢ 01/01/ 20
AQUI ND W3 2000 France Lovedean 01/01/ 20
Cronos w3 1400 Bel gi um Kems | ey 01/10/ 20
Lirlc w3 700 Northern Hunt efstor 01/01/ 20
Mar es Conn w3 750 Il rel and Bodel wydda 01/01/ 20
NULi nk W3 1200 Net her | a Mabl et hor g 01/01/ 20
Tarchon w3 1400 Ger many el cHmarliilese 01/01/ 20

No e

Lionlink OHA 1800 Net her |l a Friston 01/01/ 20
Nautil us OHA 1400 Bel gi um Grain 01/01/ 20

ARUP were employed by Ofgem to update the needs case assessment framework for the Window 3 and OHA
pilot: they were then employed separately to undertake the CBA. The assessment includes an expanded set
of impact categories, including:

Socio-economic welfare
Network costs

System operability
Constraint costs

Decarbonisation

=A =4 =4 =4 A =4

Security of supply

Interconnector Policy Review - Decision | Ofgem

2 LirlC initially held a connection agreement for Kilmarnock South.

S0 East Anglia Connection Noded refers to a substation ythe to be cons
connections process conducted by the NESO for the Tarchon project.

4 Although Aminth is physically an OHA, it applied via Window 3, and hence for the purposes of this assessment it is classified as a W3
project.


https://www.ofgem.gov.uk/publications/interconnector-policy-review-decision

Publ i c

1 Hard to monetise impacts.

The analysis that the NESO has undertaken is broken down into the five main assessment areas. These are:
1 Constraint costs
1 Frequency
1 Reactive power
1 Restoration

9 Curtailment

Frequency, reactive power and restoration (formerly kno
This report provides an explanati onN®BSO thes assed sane nwe |
analysis and results. This report, along with the ana
and Floor Window 3 and OHA pil ot scheme assessment wil

consumers of the vamidowsg fismbercbhymectdomassats participa

The methodol ogi BBES Quésse da nfaolry stitee bui l d on the work wunder

assessments and have been updated to reflect any devel

Structure of report

This report is broken down into various sections.
Section 3 provides an overview of the methodology used and the modelling framework.
Sections 47 8 cover the five assessment areas covered within the report. These are:

I Section 4 - Constraint costs (new modelling and analysis)

1 Section 5 - Frequency (not changed from March 2024)

1 Section 6 - Reactive power (not changed from March 2024)

1 Section 7 - Restoration (not changed from March 2024)

I Section 81 Curtailment (new modelling and analysis)

Each of these sections provides a description and background on the indicator, the methodology used for the
modelling and a summary of the results.

Sections 4 - 8 provide the results for each individual assessment area by W3 project and OHA pilot project.

Section 9 provides the results for each individual project by assessment areas. Hence it is possible to see the
relative scale of the impact of the assessment areas for a particular project.
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l ntroducti on

The NESO has provided analysis in three main areas:

1 Constraint costs. This indicator quantifies the constraint impact of the Window 3 and OHA pilot
projects for Great Britain. These are also referred to as balancing market impacts. This has been
updated for this report.

1 System Operability. This assesses the potential savings that an interconnector or OHA may provide
to the grid through the provision of ancillary services, for example reductions in costs of procuring
frequency response or reactive power services. The services considered are:

o Frequency response i the potential impact of the projects on system frequency.
o0 Reactive power i the potential impact of the projects on system voltage.

0 Restoration 1 the potential impact of the projects on restoring power to the system in the
unlikely event of a power outage. Previously referred to as Black Start.

These three elements have not been updated: they are the original analysis from the
March 2024 report.

o Avoided Renewable Energy Supply (RES) curtailment. This is an assessment of the level
of RES spillage or curtailment that would be avoided due to the addition of an interconnector
or OHA. This has been updated for this report.

A detailed description of each of the modelling methods used to obtain results for the above areas is included
later in this report. The following section outlines the high-level modelling framework used for the analysis.

Model ling frameworKk

As in previous Cap and Floor Windows, to quantify the widest range of potential impacts a particular
interconnector or OHA may have, two project build cases were considered:

I First Additional (FA). The project is the only one of the C&F W3 or OHA pilot projects that is
operational. Each project is analysed individually, alongside the base of window 1 and 2 projects.

1 Marginal Additional (MA). The project is the last, or marginal project to become operational. Each
W3 project is analysed assuming all the other W3 interconnectors and OHAs are operational, as well
as the window 1 and 2 projects.

It is assumed that by considering both the FA and MA c
potenti al benefits or disbenefitsi MAadnwelpamg etctermayi P
number of combiniant emcomieeatudit s pamrd OHAs t hat would r es
FA'MA range of results, but to consider alflrdmea poncdceélbll

perspective.

To assess the possible range of impacts that each W3 or OHA pilot project might deliver, three market scenarios
were selected. Each scenario represents a different set of market conditions more favourable or detrimental to
additional cross-border capacity. The selection of FES used was based on the amount of cross-border
interconnection capacity assumed in each scenario.

The three FES22 scenarios® selected for the analysis are:

1 Leading the Way (LW): it includes high levels of cross-border capacity between GB and connected
countries and large volumes of renewable generation. Leading the Way represents the fastest credible

5 Further details on the scenarios used for this analysis are available in the Arup Data Workbook available at:
https://www.ofgem.gov.uk/consultation/initial-project-assessment-third-cap-and-floor-window-electricity-interconnectors
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pathway to decarbonisation. It requires significant lifestyle changes and consumers use a mixture of
hydrogen and electrification for heating.

1 Consumer Transformation (CT): it includes relatively lower levels of cross-border capacity and lower
volumes of renewable generation. Consumer Transformation sees the rise of electrified heating, with
consumers willing to change their behaviour. The scenario incorporates high energy efficiency and
demand side flexibility.

1 Falling Short (FS): it includes relatively low levels of cross-border capacity and low volumes of
renewable generation. Falling Short represents the slowest credible pathway to decarbonisation, with
minimal behaviour change. There is decarbonisation in power and transport but not in heat.

The fourth FES22 scenario System Transformation (ST)

provided capacity |l evels closer to the middle point bet
The modellingyasasumédealfd5 each of the interconnector
of the projects may well be |l onger. The start date was
day or mont h wasagswmend twee hlaevgei nning of the relevant
i ndividual year : this is particularly important when

variations from year to year as supphg, edemaedoard héem
not able to model year sy deryomadelulri mprhmarli Zzove:ntfyor | at e
of the | ast three years.

NESO used the weather year 2013 for its modelling and e

NESO was unable to use an average of the three years 1
weat her year produced driédwel.t sThtitsatmawe rheavreoth eeme because

the older weather year data was | ess granul ar thian the
t he owHtemuwete. NESO reverted to using 2013, wbkiedhaissanhavwedt
weat her year for most of its constraint cost modelling
Weat her yearsi gmainifrhppaaett aon total coosastabnhtcoossssl eneh

coul dilgei ficantly ha glhew wihAdt htauogshe tihne constraint cost
weat her yeapot®rihdé adalyyghtly | ower than the constraint <c
of 1990, 2007 satnidl 12 0rledpr 2LDelmBt s a nA laicmnepd tatbd net atvoa araegneehneb
analysis focuses on additifdmralencendbtert avierth ¢het §acitual t

Changes to the modefbrnghassuepbribns

Based on stakeholder feedback, we have updated various modelling input assumptions:

1 For the Nautilus OHA, as the project specifications have evolved, the capacity of the line connecting
the offshore platform to Belgium (Line 2) has been reduced from 3.5GW to 1.4GW.

1 Demand and generation assumptions for Ireland within FES2022 were based on draft TYNDP2022
data. Stakeholders expressed concern that this did not reflect current projections and hence the
demand and generation data has been updated to reflect final TYNDP2022 data. Further explanation
can be found in Ofgemdbs decision document

1 The frequency response, reactive power support and restoration analyses have not been rerun: this
report contains the original analysis. Changes in frequency response savings will be minimal, in the
range of approximately +/-£10m NPV. Changes in reactive power savings will not be material as the
changes in flows across the interconnectors will not have a major impact on the reactive power benefit
for each project. There will be no changes in restoration savings due to the changes in modelling
assumptions. Restoration services are region-specific and the restoration analysis is not flow
dependent.

1 We have also included additional analysis regarding constraint costs. We have presented additional
constraint costs with and without a Constraint Reduction Factor applied. The original constraint cost
analysis published in March 2024 highlighted that for certain projects the additional constraint costs due
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to the inclusion of the project could be significant. Stakeholders responded that the additional constraint
costs shown in the original March 2024 report were overstated because in practice NESO would
recommend additional reinforcements that would reduce future additional constraint costs. Hence a

Constraint Reduction Factor (CRF) has been applied to reflect the potential reduction in additional

constraint costs if additional network reinforcements are included over and above those already

identified though our long-term network planning process. This is explained in detail in the Constraint

Costs chapter and a full justification of the Constraint Reduction Factor as a response to stakeholder
feedback can be seen in Of ge mdWe hHalersitbawrwthe3addiiomat i si o n
constraint costs without and with the CRF so that the impact on additional constraint costs solely due

to the CRF can be identified.

Key terminol ogy

To aid clarity we have tried to use consistent terminology wherever possible. Some specific examples are:

Additional constraint costs i these are the additional constraint costs that are solely due to the inclusion of a
particular W3 interconnector or OHA project.

Total constraint costs T these are total GB constraint costs. They may be for the First Additional case, when
only one additional W3 project is included or for the Marginal Additional case, when all nine W3 projects will be
included.

Original analysis i this is the analysis included within the original IPA modelling published in March 2024.
Updated analysis i this is the new analysis undertaken for this report, based on stakeholder feedback.

Constraint Reduction Factor 1 this is the potential reduction in additional constraint costs if additional network
reinforcements are included over and above those already identified though our long-term network planning
process. Note that this is not to be confused with discounting, which is in this report refers to the process of
calculating the present value of a series of future costs.

Model ling strengths and | i mitations
The key aim of the assessments is to provide Ofgem wit
to GB consumers of the wvarious interconnector and OHA

ThOESO has us€&€dropsapamar ket model Bl D3 to undertake t
model has been usetletm sepwork ptanhomg work such as t#h
(NOA) and the Transitiobhwbr€ePtoahisgd( ICSAPEgi c Ne

Lontger m forecasting of potenti al devel opments in ancil/
regarding long term developments in system opeyatafi on,
l'ifespan of an i nt ernc amsmamipdri omrs OHA.e Wheen made regard
devel op, we have stated them.

ThBESO has worked closely with ARUP to ensure wherever
used by bot al pgWhdarees vwe ehave not been able to align exa
years we have provided an explanation as to why the che
appropriate.

The strengths and | imitations of arded ondfordeathabsneédhb:¢



Publ i c
4 . Constraint cost s

l ntroducti on

This indicator quantifies the potenti al i mpact of the
the network. Constraint costs amekatsompatésred to as |

The el ec
there ar
of el ect

t y network has a finite | evel of capacity

e t

r
These eve

e

h

ations on how much electricity can flow
ciapadpi ¢atgr of NEBOt Mm@ s tvot kket heti on to pr
e known as system constraints. The cons
gestion at one o RoOserpastysteNBES©OeRe une
e ce generation or increase demand behi
rease demand in front of the constraint t oNEESOs uwrid |Ige
d to pa generators not to produce electricity in
r
k

power du
mu st eit
de
ne
i n
ma

n
u

ease in areas free of constraint sNESID nsatkreasi rith d et D
et to ensure genedathent mares mi seimamdnatnwor Kk can ope

= 0O om0

D
—

Th e are several types of constraints but one of the

Ther mal constraints refer to an area of the networ k whe
of the equipment. blef tohél oswseée¢mcitsi cINESOiwi thet vy ae
t he Balancing Market to increase and decrease the amour

There are two situations that can cause a transmission constraint:

T | mpofThe energy demand cannot be met by | ocalised ge
that area is |Iimited by the capacity of the circuit
T ExpoThe generationoinofheearbyg the |l ocalised demand
out of the area is |imited by the capacity of the ¢

Met hodol ogy

PadEur opean mar ket model l ing

ThBESO undertakes constraint-Euootp efacmr enaa «kteit n gnowlietl h Bd Dr3 .
performed in two steps:

Di spatch (unconstrained)

The mar ket first schedul es generation so that supply
transmission network is capable of sending power where
this through our dispatcatiwhrereo wmeastchedmbhed gewlkil st r
equi valent to a competitive mar ket where generators <c¢ch
as merit order dispatch. This provides obsuwetlwhar ot bde:
no transmission network bottlenecks.

Redi spatch (constrained)

| f the transmission net work were unconstrained then tF
t

However, constraints on the transmission network mean

areas of the net wordkn stor asiantiss fayn b oiumcdragays ecd el sewhere t
This duty is MNeSOoatmemi miymatmecost, and it is this actiyv
the redispatch. BI D3 therefore takeosi nthea rudc croendsitsrpaa thncehde
such that demand is met iin all zones on the networ k, a
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adjusts the positions such that the cost of doing so is
run are also present in-uphaendeadspiames, osugbnasasconst

Tot al constraint costs measure the cost of redispatchi
which respects constraints on power flows within the

algorithm. Total cnonbset rcaoinmpta rceods ttso oreera stuhree t he effects o
generation or demand configurations. Forming this metr.i
probl em a,sd sa eslselng i al since the Maim (IMItTeS)r aitse di nTtrearncsonr
relieving constraints in one area of the country may ca
NESO and our stakeholders to be able to identify where

a narrative, and the |l ogic behind the results. To provi

constraint cosdd ktyanb dwendadrlyoocal3ometi mes constraint cost
single boundary, af aonexamplietwhemceanected with many oth
radially. However, an indication of where constraints a
by boundary.

Within BNEBD tsipeci fies three boundary capearbiidd t modeeMW)e d

where applicable in both directions as determined by poc
capability and stabil ity hceapcaabpiabiitlyi.t yThdafs a eltmwymd asreys e
seasons and time periods by different electrical restr
these three numbers as the | imiaimar tciapuwlbdar i diyr @ mut it dhre.
doubtNEtSftODe model s the defined and reverse capability of
boundaries each with their own minimum in the optimisat
The total constraint cost used to solve a transmissior
components within the balancing mechanism. The O0bidd i ¢
in an area; and tihet edfA/eMWh itso trheplassect he energy i n a
The model then considers the power flow restrictions
necessary to relieve instances where power transfer 1is
away from the economiiondiispatad h edf tdhhen®mpar ati onal const
the bid price and offer price (A/ MWh) .

The Present Value (PV) of constraint costs attributabl
subtracsysespgeimbeenst raint costs without the new intercont
with the new interconnector or OHA. The interpretation
or OHA reduces constraints on etrhse rneeptrweosrekn twhaenr e ansc rpeoassi et

1 We modelled each of the nine interconnector and OHA projects for the First Additional and Marginal
Additional cases, for each of the three FES22 scenarios used for the analysis.

1 For FES22 the last year we are able to model is 2042 as the granular FES data necessary to forecast
constraint costs is only available in a 20-year period: for any years after 2042 we use an average of the
last three years, i.e. the average of 2040, 2041 and 2042. This is our standard approach for long term
constraint cost modelling.

1 By undertaking runs with the interconnector or OHA present (the factual), and an identical run except
the interconnector or OHA is not present (the counterfactual), we are able to quantify the impact on
constraint costs of each interconnector or OHA project.

Constraint Red®fi)on Factor

The original congtubaiisn edaorsec h a2 4 shisghl i ghted that for
constraint costs due to the inclusion of the project ¢
activities, such as the current Trang§ TCBORal a@dnttrheel i
Centralised Strategic Network Plan (CSNP) planning pro

reinforcements and constraint costsconsSttrakierhtol des ss s$ la
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original March 2024 report were overstated because in f
that would reduce futurdafaddi juchaCocans dnaiol Raahsesd ison
response to stakeholder feedback can be.seen in Of gemos
To quantify the potential reduction in adadiftth e nlad v eclosn s

savings modBéyendinetdwoer k develmdmeamp gprleach tahem t o t he
recommenmeldpbekenf orcement s.Conlshtirsaiennta bR eef@dRdat it on bFea cctadrc u |
That is, for every Al billion of additional constraint
fixed percentCRdgeas dAalunulgateed f or each FES, as each one
in its optimal reinforcement pat h, as well as a unigq
reinforcements are applied. Based on TfOs¢ CitRaFsh&es f o o Imy t
applied from 20h% dMOwarade, |lddpelowitde mewableé nf or cement
existing i deanftttidirate dd atpe .i ons

Th€onstraint Resduacptpil o-BeOdB Bpcotsetr e 69 %, 79 % and 68% for Lec
Transformation and Falling SRdapplriesdg efcari vieW,y .e vieasrtyada dwdi |
GBconstraint cacntesd dteme i falfatlker s2y0s3tSe nwi | | bé&rheredwecad ttad
i mpact of the CRF on each individual project will vary
is because the | evel of addi ti onaWi ncdoonvs t3 ap rnatj eccots tvsa rfioe
year and hence wil/l be affected to varying degrees by t

The results are shown without and with the Constraint Reduction Factor applied. The results without the CRF

applied represent a worst case, ie no additional reinforcements are identified and delivered by the TOs over

and above those already included within ORES§ppligdsmay at est
represent a best case, based on historic levels of constraint cost reduction per additional reinforcement spend.

The actual additional constraint cost level may well fall between the without CRF and with CRF levels, hence

we have presented both sets of results. In addition, by presenting the additional constraint costs without and

with the CRF it is possible to identify the reduction in additional constraint costs solely due to the CRF.

Limitations of constraint cost modelling

To undertake the constrai nNES®Oostto amaMeg st dereqglievast t
reinforcements that form an output of the Transitional
Al t hough the FES23 @628, retewasednoh poesainkal gebsi abedth
Mar ch &90D2tdhe TCSNP process output woulldn ntoh e dorey, a vaasi |tahbe

2030 network analysis, which uses FES23 as ar brpunt ubec
fotrhis | atest anal ysi s. However, this would have made
published in March 2024 difficult as the outpuHesnoweoul d
the modelling UNEGSOr fakenhlbhy tlke@port has used three of tF
Consumer Transfor mat iusntnlged opai mahgn8hwot k from HND1 /
and incorporating the modifications mentioned previousl
The constraint cost results in this section represent
and the associated reinforcements that arreetcwarrkengdlyu tsi
that wil. becaotmet o e aarhd otniarhe as t he appl i cantn iimtcarecacsre
constraint costs provide a signal for t-hetweek $ofrufuot
future planning processes wil/ p rioovni sd ew oaunl da sdseel sisvneern te coo
whil st considering the i mpact on community, environment
is expected to be | ower than the additional constraint

6 Beyond 2030 | National Energy System Operator

” The Holistic Network Design (HND) provides a recommended offshore and onshore design for a 2030 electricity network, that facilitates
the Governmentdés ambition for 50GW of offshore wind by 2030. The N
published in January 2022 in accordancewi t h st andard condition C27 of the NESO transmiss
network and confirms the wider onshore network requirements.


https://www.neso.energy/publications/beyond-2030
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costs to mitigate the additional constraint costs attr
reinforcement is unique in termsltoficoaltso niemportarmtaptal
does not recommend network reinfomcenmhHEB@nwbhbi decbm
suite of reinforcements based on a holistic assessment

Resul ts

Pl acing the res@dnmpsariins ocnonotfe xitnt erconnector constraint
costs

This section provides some context on the -lcownelt rrag snu | tce
calculate the impact of each proj e€atropre aao matr kaitntmodesd
calculate total ahovaGBconstraint costs

Figurel: Annual total constraint costs for the three ISEwith none of the nine interconnector or OHA projects included.

fbn

Total constraint costs
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FA LW - no projects FA CT - no projects FA FS - no projects

The above figure shows the | eveli notfe rccoonnsntercationrt acnods tGHA f
consideration are included. This is the cBhumdpedmchamak
model can only model out to 2042, so after this point
The annual resulttos eamraeblde stchbeunntetd presbenhcegaboeubab ben
costs decrease for ydonse ft@attbmmoai ntt Redoatlueoean Fagploire d

Figure2: Annual total constraint costs for the three FES&Ith all the nine interconnector and OHA projects included
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LW - all IC projects CT - all IC projects FS - all IC projects

The above figure shows annual tot al constraint costs f
2 05i5f al |l the nine projects .Nonder t€amsindbai ati Rredaséi bn
been applied.
Fi g daned
FigRe&n dreventoegprovide a single total constraint cost

t o 2f0br5 each scenario for the First .Adldhiitsi dmsals haonndn Manr g
t wioi gsur e
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Figure3: Total constraint costs for the three FES for the period 2027 to 2055, PV, real 2022w#thmone of the projects
included.
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above figure showshetnotnalnec oorfs ttrhaei mptr og cesctt ss

The are incl
that total constraint costs for the period 2027 to 20°¢
billion.



Publ

Figure4: Total constraint cost$or the three FES for the period 2027 to 2055, PV, real 2022, itim all the projects included.
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The above figure shows total constraiTmhte abotve Wwheagnureal ls
total constraint costsrdmge tfthreomebeétowe®2&ppgroo 2MDEdt el vy
The difference in total constraint costs for the peri o
when none of the nine projecFisgdaeBi(g d)reei st hAe9 . d6i fbfid rl & nocne
and A690 million for Leading the Way,r €ospsauatmievellyansfor
For the First Additional case, we modell ed the i mpact
added individually. The results can be seen in the foll
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Figure5: Total constraint costs for the First Additional case, PV;y&ars, real 2022, £bn.
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$<< (‘VQ\Q QV‘\I@QV'QVQV' &<< <<?‘,\<< Ay Caé &K P Q?‘cj‘( ol SRS S R e
SN S OISR ST SPR ® &
LW TCC without project B LW CC due to project CT TCC without project
B CT CC due to project FS TCC without project mFS CC due to project
The nine bars for each scenario show the total constrai
t he rbeaprr esents the constraint c¢og$:tsthaehednartkheer pcrooljoeucrte di s
red el ement for CT) represents the additional constrai
The darker coloured section represents the auwdiidn omfalt hc
project. Theghteéemghtolod eraecedh deact ivaamr i feer across projects
start dates for the nine projects.
The above chart shows that the additional constraint
relatively small part of the total constraint costs, al
be significant, madarel gx A@plbe |dpmmoiver the | ifetime of

8 Note: the size of the lighter coloured bars in Figure 5 are lower than those in Figure 3. This is because Figure 3 is for the period 2027 to
2055, whereas Figure 5 shows the relevant 25-year period for each project depending on their commissioning date.
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Figure6: Total constraint costs for the First Additional casgth Constraint Reduction Factapplied, PV, 25years, real 2022, £bn.
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LW TCC without project B LW CC due to project with CRF m CT TCC without project
B CT CC due to project with CRF ® FS TCC without project B FS CC due to project with CRF
The chart abbeei mpaws @momnatddat hobnalosts when the Const
applitka. Codstraint Reduction Factor has a materi al i mp
inclusion of the project The chart bel ow compares t he
Addi tional case, without and with the CRF.

Figure7: Percentage increase in constraint costs, without and witlonstraint Reduction Factdor the First Additional case.
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The chart above shows that the percentagetpoetdheti ol us
CRFkan be significant, for example for AQUIND in the Le
are reduced from ap@oxi mately 14% to 8

For the Marginal Additional <case, we madobfl Itehde tnhien ei nppraoc
removedi vi dlilaé lyesults can be seen in the following chée

Figure8: Total constraint costs for the Marginal Additional caseV,25-years, real 2022, £bn.
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LW TCC without project B LW CC due to project CT TCC without project
B CT CC due to project FS TCC without project ®FS CC due to project
The nine bars for each scenario show the total constrai
t he bar represents the constraintbuwtosttlse whteimert hei gphto| @
Wi ndow 3 projteaet daaker coloured section (e.g. the red
constraint costs due to the particular project when it

additional constraint cosusi drhaurf ogjtrdeatts. o | Tehlteye hdeui ep ittt @ rotf It @
sectieanchofbar varies across projects because of the var

The above chart shows that the additional constraint
relatively small part of the total constraint costs, al
be significant, madrelgx Amplbé |apmmoxiver the | ifetime of
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Figure9: Total constraint costs for the Marginal Additional casegth the Constraint Reduction Factaapplied, PV, 25ears, real
2022, £bn
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The chart above shows the i mpact on additional constr
appl iTéhd. chart s hionwsl utsh aim ntghter ahat Reducti on Factor has
additional constraint costs due to the inclusion of the
in constraint costs for the Marginal Additional case,

FigurelO: Percentage increase in constraint costs, without and wilonstraint Reduction Factdor the Marginal Additional case.
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FA Resul ts

This section shows the resul tfsorf otrhAe chiet rceotndshter cadengtu | ctoss t
shown without the Constraint ReductiompBateer tapphied,c
and with the CRF applied. Hence the impact of only thi
i mpact of scenario updates and the CRF.

The following table sBowstthéent eReiddisnawtheapgmhbiceod.

Table2: change in constraint costs due to the addition of each interconnector and OHA for the First Additional (FA) case

bt +X NBFf HAHHI MO [ 2 /¢ C{

' YAY (K HPY N nomdg M®nn
'v) Lb5 TOT M TODT H®pH
[/ NRYy 2 a c dPpy y ®o o odn g
[AZ2Y] AY] 0 DPHDPp HdPCcwM™m nooo
[ ANL/ nomn noénp nooo
al NBa/ 2yySoi nodop noHy nonT
bl dzs f dza cdno y dmd odmcC
bif Ay H®PpH odyp noyc
¢l NOK2Yy HDOT HONT nouny

The table above shows the changé(P¥Y) cobasms afi ot e€a@ach sof n
for the First Additional case, wibDhowaaotshewhi hheRe¢ethuetei
appliedPositive numbers represent an increase in const
constraint saving. The figure below shows the same r1 es!

9 Present Value, also known as present discounted value, is the value today (or some other specified date) of a future amount of money.
For example, the PV constraint costs shown in this report show the present value of 25 years of constraint costs in 2022 GB pounds.
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Figurell: change in constraint costs due to the addition of each interconnector and OHA for the First Additional B¥s&5
years, real 2022, £hn
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The figure above shows that there is a wWiodche wpr otphetet b n
result in a caodgthreaii mtt es&winmgctor and OHA pil ot projec
costs There is considerable variation in the increase
in constraint costs will Iby, dtuhee tloo caatriacmmg eo foft Hea citmtresr.c
as certain | ocations wiarltsbefihhmonetwon&tr Sieceoeddl vy,
fl ows across the interconnector wild/l have a direct i
taken to achieve a supply demand match that confor ms

I ncreases in constraint costs are highest in the Leadi
These are driven by the higher |l evels of renewabl e gen
di fferentials i n t htes tdwoi vd cargn etcit gelde r mafrlkcew s across
consequently higher constraint management actions.

The highestaddictrdecanssat! riarimt tchoestFsi r st Additi onal case,
and Floor Window 3 ipsopppt e8iibéma.tienlcy tuillse dr, epr esen2%s apprt
increase in totovlercotylsehr2aeti costcsesmpared to total const
not included.

The flow patterns across interconnectors wil/| vary dep
fundamentals in GB and the connected country. Export
projects may | ead t ot rianicnreeda speadr tfsl oowfs tihne cGBnsnet wor k,

management actions.

Previous analysi sNESWQ,erdwmklenadyt hdheanal ysis to support

Wi ndow and OHA pilot®heaguhagbtyghtadetwowkthe | ocati

10 hitps://www.ofgem.gov.uk/sites/default/files/2022-08/ESOTargetingAnalysis. pdf



https://www.ofgem.gov.uk/sites/default/files/2022-08/ESOTargetingAnalysis.pdf
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and the i mport and export flows for the project can ha\
increase or decrease in total constraint costs. The ai
Northern Engl andl tohatScand amxdpa@amti ng for the majority of
cost s, as they wildl be helping to reduce north to sout
Any interconnector or OHA thatncé&ngéandg BndthbeaMi dbapd:;
the time is |ikely to |lead to increased constraint cost
constraints across various boundaries.
Figurel2: range ofchange inconstraint costs due to the addition of each interconnector and OHA for the First Additional d2¥ge,
25 years, real 2022, £bn
10
9
833 8.19
797
8
()
6
’ 4.19
4 3.85
- 3.25
5 3
237
2
: 0.45 Big
- G| ——
; Aminth AQUIND Cronos LionLink LirlC MaresConnect Nautilus NU-Link Tarchon
A 4
The figure above shows the range across the three scenarios (LW, CT and FS) of the change in constraint
costs for each interconnector and OHA. The size of the range varies significantly between projects.
The following table shows the results for the First Additional case with the Constraint Reduction Factor applied.
Table 3: change in constraint costs due to the addition of each interconnector and OHA for the First Additional (FA)wilse
Constraint Reduction Factapplied.
bt +5 NBIf HAHHEZ MO) | c{ I/ w
' YAY (K M®Dp H MDpy nodoc
l'v] Lbb nop g odcn M®dnp
/| NRYy 2 a o®dpn 0oPmMT M®dPn c
[AZ2Y] AY 1] HOPMM M®Pp cC nomc
[ ANL/ nony nomp nomao
al NBa/ 2yySoi noHMm nomT noHYy
b dza f dza odnm 0O PMH M®Pp ™M
bim Ayl M®Po p M®dn c noHo
¢l NOK2Y M®c n M®H 0 no®mMH
The above dsaibdnrei fsihcoawitn reaedddadtriiscdamead icotmpaoc $ab2t @
The figure below shows the same results but in chart f

O
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Figurel3: change in constraint costs due to the addition of each interconnector and OHA for the First Additional B¥s&5
years, real 2022, £prwith Constraint Reduction Factapplied.
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The figure below shows the range across the three scenarios (LW, CT and FS) of change in constraint costs
for each interconnector and OHA with the CRF applied.
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Figurel4: range ofchange in constraint costs across the three scenarios due to the addition of each interconnector and OHA for
the First Additional caseRV, 25years, real 2022, £bn, witlConstraint Reduction Factapplied.
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Figurel5: change in constraint costs due to the addition of each interconnector and OHA for the First Additional B¥s&5
years, real 2022, £hbrwithout and with the Constraint ReductiorFactorapplied.
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The figure above shows the additional constraint costs
Case, withouCRBREmMPDpI!|wWWatdm @HBs applied, as expected there
in additional constraint cost s.

Note that the percentage reduction f orCRdédmash Ipaern eapp Iwiid
each project forTha sgiivsesredwses eth a rfiacc.t dir fsf, e o emnai| susdiionngi ng d
di ferteonstraint cost profiles across the years and the
2040, 2041 and 2042, as these years form the average ¢
of each projeygear axgpsefcaeadh c2ys T lsiese ne fnfoercet cdaemrbley i n th
cost charts for eiamhseéantdionsgduhd .tpo ol&caf this report

(0]
e

The foll owi ng rcahnagreth ashlgeews snt hai nt costs for the First Ad
the Constraint Reduction Factor applied.
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Figurel6: range ofchange in constraint costs across the three scenarios due to the addition of each interconnector and OHA for
the First Additional caseRV, 25years, real 2022, £bn, without and witBonstraint Reduction Factapplied.
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Theéigure above highl iICRIBstisgntihfaitc aanlttlhyo urgehd utchees addi ti onal
a wide variation in additional constraints across the t

The chart below shows t he c ofnoprartihseo nFiorfs tt dAed dhiattieasri aglimocade
published i HTMar ¢lmt 23824 modweltlhionug iasnds mwoiwrh t he Constrai

11 The original NESO (formerly ESO) modelling report, published in March 2024 is available at:
https://www.ofgem.gov.uk/sites/default/files/2024-03/ESO%20CF%20W3%20Report%20-%20Final. pdf
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Figurel7: change in constraint costs due to the addition of each interconnector and OHA for the First Additional B¥s&5
years, real 2022, £hrfor the original analysis (March 2024) and for Nautilus at Grain with 1.4GW link plus Irish demand and
generation from TYNDP202%ithout and with CRF

10

w
]
w
S
8
6
c
Iy 4
OII|II. I IIII.-I_-IIIII-.. IIIIIIlIII_
- Aminth AQUIND Cronos LionLink LirlC MaresConnect Nautilus NU-Link Tarchon
[=T4]
=
2
3 -2

W LW original LW ®LW CRF MCT original CT WCTCRF M FSoriginal FS MFSCRF

The above figure shows that additianeeabdelowisthlgoautntt hceo sd@
comparedmaddeltlhieng undert akker iad | Mprraljlez2®@Z4pati d DT Lirl

Mar es Co.nTnheecti ncreases are most pronounced in Consumer
Leading the Way for several projects. LirlC and MaresC
for Leading the Way. MaresComneacdtdi ali dmabhewanshar aiemdtu c

Transformation.

The | atest results with the CRF show a significant redu
results without itnhes oGrReF iainsetnaatcempoartelde or i gi nal ( Mar ch
AQUI ND and Cronos fandL€adsunmget hEesawf ohimatcbaeaarl y. For

such as Aminth and LionLink for Leading the Way, the a
CRF are similar to those for the original model |l i ng.

For the RA chsaeget to |Irish demand and generation in t
i mports and a decrease i n exporTthse fiamwp alcitr oG arhde Mahraensg@Eo
varies. CAQDNMBID,nk and Tarchon show I|little change in an
Amint h, LionLink and Nautil us show eax prodrdtuscotrito m nidn eixnppoaor !
are shown for each individual project in sections 10 't

Changetshea nl evel s cofnsaddiithitomalsts are nottdd rleevdlys |0dfnk
i mport and export Tfhliecwsd sorc | telae | yr sjhoawtn. wi t h the result

scenari os show paor ti s careda sae glienctr € aisre tilmme | atest model | i ngc
(Mah 2024) modehdtdhtcioomshterraeianst costs decrease in the LW
i nS,SF when no CRHhescapphbesdin additional annual constr a
of all the individual additional constraindf ctome katmbdbdal
The additional constraint costs wild.l be driven by a co

the network chpwdl ttyheardd otwrse across t hEhesedkiatée otnseé hup
demand solution for the relevant scenari o and subsequer
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Figurel8: Additional constraint cost range, for the original (March 202#)alysis and for the latest analysiswithout and with

Constraint Reduction Factdor the First Additional case.
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Table4: change in constraint costs due to the addition of each interconnector and OHA for the Marginal Additional case.
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The table above shows the change imecmastoai@aclost st he
for the Marginal Additional, odadge,ouftort hea Clo nsft riaheatt Rreae
Positive numbers represent an increase in constraint co
The figure below shows the same results but in chart f

Figure19: change in constraint costs due to the addition of each interconnector and OHA forMiaeginal Additional case PV, 25
years, real 2022, £hn
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The figure above shows that there is a wide variation in the change in constraint costs. There is only one
instance where a project results in constraint savings: Tarchon for the Falling Short scenario and the saving is
small. All the other interconnector and OHA pilot projects result in an increase in constraint costs. There is
considerable variation in the increase in constraint costs from one project to another. This will be driven by a
combination of factors including the location of the project, the network capacity and the impact of the flows
across the project in the dispatch driven by the supply demand solution for the relevant scenario and subsequent
resultant balancing actions in the redispatch.
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Compared to the Firgendrdal tilh@aaMarcgismeal iAddi ti onal cas
constraint costs. This is because the inclusion of all/l
within the supply demand mix reducesHA hen i omprasttr aifntango

The highest increaderinheoriMatrrgdinatl Aadgti g i onal case, i
Wi ndow 3 projecits apper dBiddatdeldyhiAs represen¥si appe @s e mk
total constrainteanmsltisf @evefr the RMBoject.

Care should be taken whehnFiignireenpfriegtuirddgh et hceh arreg ssulrtespree s
di fference in constraint costs of adding a particular
constraint costs between when the project is included
addnali oconstofaiamddicongtene addntibeaMaWgi pabjAaddi ti onal
the First Additional casthetoabhhl tbhbBsbabantiaogsmar kehat
given year, are higher i,n ashes Miagmyambhilg@&rdaedi ti onal <case

Figure20: range ofchange in constraint costs across the three scenarios due to the addition of each interconnector and OHA for the
Marginal Additional casePV, 25years, real 2022, £hn
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The above figure shows that although the absolute level of additional constraint costs is reduced in the Marginal
Additional case, the range, that is the variation across the three scenarios remains high.

The following table shows the impact of including the C
First Additional <case.
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Table5: change in constraint costs due to the addition of each interconnector and OHA forMlaeginal Additional case PV, 25
years, real 2022, £hrwith Constraint Reduction Factapplied.
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bl dzs f dza MPO O MPMC nony
bim Ayl nocn nopc m®dnwm
¢ NOK2 Yy M®on noyo nonm

Theababecogsbowhat compabdadahet d mpaCRHA sf gnh&@heahtgure bel ow
the same resufosmédtut in chart

Figure21: change in constraint costs due to the addition of each interconnector and OHA forMiaeginal Additional case PV, 25
years, real 2022, £hrwith Constraint Reduction Factapplied.
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The foll owhaows cthree tsame data but in the form of ranges.
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Figure22: range ofchange in constraint costs across the three scenarios due to the addition of each interconnector and OHA for the

I C

Marginal Additional casePV, 25years, real 2022, £bn, wit€onstraint Reduction Factapplied.
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Figure23: change in constraint costs due to the addition of each interconnector and OHA foMiaeginal Additional casePV, 25
years, real 2022, £hrwithout and with the Constraint Reduction Factapplied.
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The figure above shows the additional constraint cost s
Additional Case, GRRpputedndCRWhe haphli ed, as expected t
reduction in additional constraint cost s. Note that tf
though t@GRMhmsaméeen applied for each project for a givel

The chart bel ow shows the same data but in terms of rar

Figure24: range ofchange in constraint costs across the three scenarios due to the addition of each interconnector and OHA for
the Marginal Additional caseRV, 25years, real 2022, £bn, without and wit@onstraint Reduction Factapplied.
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The chart below shows the c¢ompaMa rsgoid ebift it dyreawli aidlesst naondde
the E€RFthe original resul ts.



Publ i c
Figure25: change in constraint costs due to the addition of each interconnector and OHA forMiaeginal Additional case PV, 25
years, real 2022, £hnfor the original analysis (March 2024) and for Nautilus at Grain with 1.4GW link plus Irish demand and
generation from TYNDP202%ithout and with CRF.
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For the MA case, the changes to I rish demand and gener
i mports and a decrease in expNausilfwsg dhows ande dMac teisc
exports compared to (tTthe o mipaicnalofmocdhealnigiensg.on f 1l ows on
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Wi ndopw a3 ect s in the badkegvredu mdiad ypoahce miesctteolre momr  OHA i s
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similar | evels of annual i mport and explohret ifnhpoowst aasn dt he

flows across each of the Cap and FResul W nphk B0 pe ©tff e ct

The | atest results
results without th
Leading the Way an

with the CRF show a significant redu
e CRFcaoampamtesohéenosiogenahs({Maceb 20 2:
d Consumer Transformation shows this

As with the FA moldev ¢l &1 go fccoandsdtigreasiommtalc ost s are not dire

the |l evels of annual i mpor tT haen dc heaxnpgoerst nfial doew st oo nt hteh es cperi
change in demand and generation in |Ireland results in c
bal ancing actions undertaken in the redispatch.
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Figure 26: Additional constraint cost range, for the original (March 2024palysisand the latest analysiswithout and with
Constraint Reduction Factdor the Marginal Additional case.
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5. Freguency response

l ntroducti on

This indicator assesses the potential savings that an interconnector or OHA may provide to the grid
through the provision of frequency response services which are necessary to ensure system frequency
remains at acceptable levels.

Note: The modelling and analysis in this section is the
not necessary to repeat the modrkl bhedgaaswoudlipd inodita nmreo d wnc
materi al change Ailhn hbhhghr ¢hel updates to the scenarios d

and exporparftlioowsl,arly for Lirl C and MaresConnect, test s
frequency response savings wALemwPVhinThee chamge 0%
met hodol ogy assumes that only a set perocrendrag®HA fi sc aapvaa

for FR services in any given hour, assuming there is f
dependent on the volume of flow on the | C/OHA in any
essentially cappeids alTshe IFiRmistaed ntgy how many hours in e:
Frequency response is dper afbiirlsitt yofassleses gt emr eas co
UKappliances and e | eercHersii ganle d e ¢ wi pwiefmk t rad 5r0Hqguency i S
theampliances and equi pment will nnoet a nwi onrgk .NlEhSaft e htaheel € 0 a k e
the frequeandy gwWwite iwii medrowsi de of 50Hz.

Frequency control is achieved through two types of s e
services are automatically activated using a measur eme:!
active power. Reser ve ias cding patlc hreodo mmaonpuearlaltyorb yf ol | owi r
anticipation of a system need. Both response and reser)
source of either generation or demand. Thegfyundarmen tmali
system frequency at the target of 50Hz. Whil e maintain
i mpacts of our actions against the residual l evel of ri

To maintain a stable system frequency of around 50Hz,
t hBESO procures a range of response services. These se
frequency (increases or decreases, triggered by change:
nor mal oper ati onal -fsacuelntatrsiioiss .a nAls iwe ptorsansi ti on to net
of renewabl e generation capacity, we rwiflrle ghuaevnec yt of |nuacntaug
we will need to procure services from zero carbon techi

the | ast decade the average annual system inertia ha
uency is |l ess resistant to change, so it wildl chan
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* * * System Operator

his section describes the methodol ogy f assessi
f provisions and requirements. I't cove

requency r es pootnesnet,i aaln dv atlhuee .p

(0]
r

The following assumptions are made for the methodology:

o =~ T -~ = 0 o

o+ -

D
r
D

1 Aninterconnector or OHA may not be able to reserve capacity to provide a frequency response service
because the interconnector or OHA does not decide their operating profile. Unless they withhold
capacity from the day-ahead market, they will not be able to guarantee firm capacity. An alternative is
to assume that the interconnector can participate in frequency response provision because the
frequency response service takes place post-gate closure, i.e. within-day. This would enable
interconnectors to provide certainty regarding capacity reservation and availability. Hence flows from
the redispatch, or constrained runs are used for the analysis. This simulates the post-gate closure, or
within-day supply-demand match taking account of network constraints.

1 Agreements are in place with neighbouring TSOs to ensure the impact of providing the service for the
GB market is acceptable to the neighbouring TSO. An interconnector delivering frequency response
services at one end will see an approximately equal and opposite change in power at the other end.
This impacts the neighbouring TSO (and other TSOs in the same synchronous area), their control area
and potentially their system frequency and use of response and reserve services. No attempt has been
made to attempt to quantify any additional costs that may be incurred by the neighbouring TSO.

All other technical, regulatory and commercial challenges are overcome.

There is no repositioning of flows across the interconnector, that is the interconnector continues to
import or export or remains at float.

1 For each interconnector or OHA, the maximum loading level of frequency response is assumed to be
10% of available capacity. In theory the interconnector or OHA may be able to provide a higher level
but this may cause issues with the connected foreign system.

I NESO L=

ng th

r
s the evaluat:

o calculate the potenti al savings associated with int:
onstrained redNESpPéasEpaoopemant mar ket model , BI D3, to ca
requency response available for each of the interconn
hree scenarios for both the FA and MA cases.

requency response requir eMeSNOb6sh omewr ee tcaad Ilc,u |l veaht ieadh ucsd m gc
equirement for frequency response based on a range of

n he system.

o calculate the potentialasvaivi alglse fweedquerc wsreas parbd e
esponse costs are published in the Mont ®ly Badtasn cfionrg tS
requency response services of Dynamic Cont ai nment (

egul ation (DR) are NEISOo Dav a'?. IPobWea |hvdvwae ttheed data fror
C/ bM/ DR data from the Data Portal to calculate the po
esponse. By assuming that interconnectors providadreta fr
C, DM and DR services, the saving from interconnector.

n average costs observed for frequency response and th

2 https://www.nationalgrideso.com/data-portal/mbss

13 https://www.nationalgrideso.com/data-portal
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Limitations of analysis

There are many challenges in quantifying the potenti al
services. The frequency response requirements | andscay
century. Thereowsl|l Bndedmapyopeensis as the energy syste
of unprecedented change.

The analysis assumes that all technical, regul atory ar
frequency response sewqaitee clt alsium@g, plagceepongt frequency
connected foreign systemrgydtemnsfieng seftftéetmewne . emRat he

outcomes for each combination of FA/ MA and FES, a singl
and case.

I f all the challenges and issues |listed above are not

or OHA may be able to provide will be INEB®OHsthacitlthat yf
and balancing markets is crucial-caobenseréeoagriboatywseyst
fully decarbonise by 2035. These reforms are designed
whi ch omaeyntpi ally | ead to evem gremtéentlecehsnect opar aindi
within this analysis.

Resul ts
The following figures show the savingyefaor RPO0QGuéAdmdy f o
the Cap and Floor Window 3 projects and OHA pil ot proj e

Figure27: Frequency Response savings for all interconnectors and OHAs for First Additional case, Present Vigbae, 28al 2022,
£m.
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Figure28: Frequency Response savings for all interconnectors and OHAs for Marginal Additional case, Present Viabae, 28al
2022, £m.
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The above figures show the high variation in frequenc)
driven by fl ow patterns across each project and the
services.
I't is important to note that there is considerabl e unce
the interconnectords potenti al freqguency response provi
the DC, DR and iDsM nparyo dbuec tasv.ertlhy opti mi stic if costs
D M. The interconnector may also decide to not provide
possible for i nterconnectors and mHAapadaoi tpy ofvordef meqee
potentially |l eading to higher savings.
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6 . Reactive power support

l ntroducti on

This indicator assesses the potential savings that an interconnector or OHA may provide to the grid
through the provision of reactive power services which are necessary to maintain voltage on the
transmission system.

Note: The model |l ing saercd ioomaliysitdhei rsatmei as that within t
not necessary to repeat the work because the change in
materi al changeThen Itehveelr ecsfulrtesacti ve power benefit prov
from power system analysis. The analysis undertaken f
thattfiermajority of ttheke m&Xi ppuoj ecetasti ve power support

three thkeat-i,mpfourltl aemxdp ofrul.l Hence changematienr iafélfdewst wihlel
results

Reactive power is the second of the system operabilit)
power describes the background energy movement in an

production of el ectri cesantdhanta gsnteotriec efnieerlgdys .t hDreovuigch a m:
flow of current are said to absorb reactive power ; t hc
generate reactive power. Re alNE S Q@ emgkoenve rs lsreer gV sletsangpd ke h s
remain within a given range. We instruct generators ofr
(decreasing voltage) or generate reactive power (incre:
The fl ows of reactive power on the system will affect v
across the network, voltages experienced at points acrc
rel attehde tpaoa evailing real and reactive power supply and
l evel to meet the wvarylihreg emeedy dframét sgatamd decarb
system continues to affect voltage management across
capability and wutilisation is required as tnhde aveaaiclta bvle

capacity decreases.

VSC (Voltage Source Converterpoweerchealod omtgryoniisc ac othwpre t e

provision of reactive power. This means that interconn
assist with voltage mamitg®d .t hdhi sacteicyeé omowearm i mpact a
third window interconnectors and two OHA pilot project:c

Met hodol ogy

Our analysis considered interconnectors and OHAs to be
system operability impact with respect ts@emea@aadtoi we thow
mi ni mum demand (hence summer minimum case) correspondir
This modelling was undertaken using a detailed power s
power system analysis software. This enables |l oad fl ow
I't is separate tof adhec i D3r aniondte |l c ustesdd anal ysi s.

To deveheotpwohle model for this analysis, the starting po
interconnectors or OHAs is analysed BYylipcbpuydichg tbemew

or after 2030 are analysed within the single 2030 mode
The key assumptions are:
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1 The Future Energy Scenarios (FES) 2022 Leading the Way scenario is used. Due to time constraints,

it was not possible to create the necessary network model to be able to use either Consumer

Transformation or Falling Short.

Minimum System demand of 16,110 MW and 13,725 MVAr for England and Wales for a 2030 network.

90% availability scaling factors applied for fixed reactors, SVCs and STATCOMs.

91 All future reactors which are either in tender stage or under-construction have been assumed in the
background.

1 Voltage control circuits are also used to resolve voltage profiling.

=a =

For each spot year model, multiple scenarios have been
project maxi mum benefit. We have considered the extre
maxi mum i mport at athetiméeycoRokbté&xport OHA i s at max
FIl oat (i e. the interconnector or OHA does not import o
bel ow for each int®rconnector and OHA

¢l oc SLYLR NIk SELIZ NI BONNYS INBR a4 YORYNIRGSINSERI 2N I YR hi ! @

. Asse|l Connect . Expor
Project Type countr GB Substat Scenarios I mpor ( MW)
(MW)
Ami nt h w3 Denmar Mabl et h®0lp¥d BaseAmi nt h 1400 1400
AQUI ND W3 Franc g€ Lovede®mhkV|BaseAQUI ND 2000 2000
Cronos w3 Bel gi u KemsUU@VYkV [BaseCrtonos 1400 1400
Lirlc w3 Nerthe Hunterston|BaseiwiC 700 700
Mar es Conn W3 Il rel arl Bodel waAdd&n Bas eMa#r es Conn ¢ 750 750
NULi nk w3 Net her | Mabl et h®0lp¥ BaseNUti nk 1200 1200
East Angli a
Tarchon w3 Ger man Node 400K Basearchon 1400 1400
Lionlink OHA Net her | Friston 4(Baseitonlink 1800 -1800
Nautil us OHA Bel gi u Grain 400|BaseNatutil us 1400 1400
Reactive power support capabilities aonfaltyhsee dp rboyp ocsaerdr yiinr
fault voltage studies for the network without the propc
the proposed W3 interconnector or OHA.
T The net wor k i s studi ed wiotntst abtt iexn/stte mdje raendd ruenadce

devices.

1 For full-import and full-export cases, the system is re-balanced with generators which are further away
from the local area. We have endeavoured to ensure power flow direction on all interconnectors and
OHAs is the same for all countries i.e. all are in importing or exporting.

Each interconnector or OHH keepiundi edhendeméeredenonhingct o
real time operation, the reactive power wil!/ be shared
Due tcavmoth abil ity of actual reactive capability of
interconnectors, we have assumed a conservative figure

14The power system modelling was not repeated for the updated analysis. We do not believe this would have a material impact on the
results.
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project dat a. Al so, as the reactive capacity of VSC b
maxi mum reactive power support is k-emporbnraxupdonrttu)f.lor al |
As reactive power is a local problem in its nature, t

interconnectors are to be conseabstsedti Ahl ranpgsetafi ohe w
be considered are studied

Limitations of analysis

Reactive Power generation and absorption requirements for voltage control are regional and vary significantly
across the electricity system. System requirements are driven by many factors including demand, generation,
and system conditions. Interconnectors are located on the periphery of the network and may not be in the
optimal location for providing reactive power services. In addition, long term forecasts for reductions in reactive
power costs may be over-optimistic, as recent geopolitical events have caused increased volatility in reactive
power costs.

Resul ts

Below is a summary of the indicating reactive power ben
analysed. The results show an estimate of reactive supp
based technol ogy.otlet hiosweivnepro r ttahnatt ttohemr e i s ongoing wor
requirements across Great Britain and if any reactive

benefits from interconnectors or OHAs might be reduced.

Table7: Reactive power benefit for each interconnector and OHA.

Project 'ﬁ.?spee Capaci| GB Connecte MVATr _FI MVAr _| mg MVAr _Exp
Amint h w3 1400 Mabl et h®0 g -460 -4 60 460
AQUI ND w3 2000 Lovede®hkV 660 540 360
Cronos W3 1400 Kems 49 kV 460 460 -460
LirlC W3 700 Hunt erston 230 230 230
Mar es Conn W3 750 Bodel wyddd&ny 250 250 250
NULi nk w3 1200 Mabl et h®0 ¥ 400 400 400

East Angl i a
Tarchon w3 1400 Node 400K 460 460 450
Lionlink OHA 1800 Friston 4 590 590 590
Nautil us OHA 1400 Grain 400 460 460 460
To calcul ate the potenti al savings associated with inte
the constrained r e dNESSpO&HtseHw afol poevasn fnraornk etth emo d e | Bl D3 to
MVAr available for each of the interconnectors i turn,
for both the First Additional and Marginal Additional (
are avail ABEE®6si Mohhkly Bal anci ng aehrivcihc epsr oSvui ndnea ray hri espt
MVArh. As the reactive power mar ket evolves over the
reduction infd’whdlcthages aepoptils ed to the theoretical MVAr pi

15 The reactive power benefits from Error! Reference source not found. were applied to Leading the Way, Consumer Transformation a
nd Falling Short.

16 hitps://www.nationalgrideso.com/data-portal/mbss

"Based on economic modelling undertaken for the NESO.


https://www.nationalgrideso.com/data-portal/mbss
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Théoll owing figures represent the potenti al savings
provided by each interconnector is actually required:
reactive power sappegsesepmastent an u

Figure29: Reactive power savings for all interconnectors and OHAs for First Additional case, Present VajgarRBeal 2022, £m.
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Figure30: Reactive power savings for aiiterconnectors and OHAs for Marginal Additional case, Present Valugeds, real 2022,

I C

£m.
160
140
120
100
5 80
60
40
20
[]
& S
& >
v v
N K\g
The above fig
cases. The fii
This i sEbeoadld
ach interconn

u
g
S
e

r
u
(Re
ct

es
e
f

0

S
e
r

X < X & & o
(\\’\(\ \.};\\ (\@L \\}.&\) 0\;;\ ES\O
° Ny & N S <&
& & ¥ W~ N
X
&
LW = CT ®mFS
show the potential reactive power
show that there is Ilittle or no
r enc es hsootusr ecree nios Ifiotutnlde vari ati on
whether it is importing, exporti

sav
var.i
in
ng



I NESO L=

National Energy
. . . tem Operator

Publ i c
7 . Restorati on

l ntroducti on

This indicator assesses the potential savings that an interconnector or OHA may provide to the grid
through the provision of restoration services which are necessary to ensure the NESO can restore the
system in the event of a partial or total shutdown.

Note: The modelling and analysis in this section is the
not necessary to repeat the work because the change i
change in thberesstbsation analysis is not flow depen
scenari os have ngenaenpatcitommas&GBetws | | be nmesthamagteison os awn

Restoration (formerly known as ®@pearc&biStiary)asseshmenthia
this Thporéstoration service can be procured from a ran
systems that havestart capami $hatydownrwi thout reliance

The current restoration approach is to use contracted
sections of the transmission system using | ocabhgdemdnd
Local Joint Resto)y.atswhms éd merrst I(y,J RlPtsher generators wil |
synchronization of power i sl andrse rpgriosger etstsd veh gl € alk e s wc
demand across the country unti/l f ulyl troe swoorrka tg eome riast icoon
demand in | ocal areas whilst maintaining voltage and fr
source capability (VSC) interconnectors make them suit:

The Electricity System Restoration Standard (ESRS) p
December 20MBSO ftor hahwee sufficient capability in place,
restore:

T 60% of transmission electricity demand being restor
T 100% of electricity demand being restored within 5

To be -EG&SRIBI i ant by DedEBDers28d86ptithg a restoration app
tradition-atadintdi onnoanl restoratiMNENSOse e@rsvigrechppdrsoismtigdea s e s T
approach that coowndamndupbobtphpmoedpch to restoration. This

to entry for markets and allows distributed energy r es«
Our vision msdtdhaet obythbedecade we wil/l be running a f
process wherever advantageous, with submissions from a
voltage |l evels on the networ k, sairtihb urtriamms mileastswaomk OWmenr &

TheNESO6s principles for procuring restoration services
A A clear and transparent requirement.
A Enabling competition, where appropriate.

A Reducing and removing barriers to entry to enable brc

Met hodol ogy

The current contracting strategy for restoration servioc

zone. For this strategy generation must meet demand in
requirement: thésemnts oeovhpalki tihey i emth VSC interconnectors
analysis no |Iimit is placed on the number of interconne
The analysis assumes the foll owing:

T Zero additional capital costs for restoration servi
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T Zonal contracting strategy remains in place over th
f Capital <costs remain the same for new technologies.

The current plant providing r est orreaftdroenn cseed va gcaeisn sith tehae

scenarios to determine which plant would stild]l be avai
period.

Existing contractor costs have been used to calculate f
testing, feasibility and <capital for a range of ser:
interconnectors aesdawewagetcastsof @kisting, interconn
restoration service has been calcul ated.

Potenti al savings can then be calculated, with higher
participants in a particular zone driving increased col

Limitations of analysis

There wil.| be fundament al changes to the restoration se
transforms and becomes more reliant on kretrent md bjtemntti ve
di versifying technol otgiiocens caonsdt sr.e d uNe w ge mtersamotrsa wi | | par
both at the transmission and distribution network | evel
ti me horizon is difficult, especial pgrwi thpaméeéongionf§ taect
OHAs in providing restoration services may be higher ol
or | ower savings.

Resul ts

Figure31: Potential savings for restoration services provided by each interconnector for First Additional case for each of the
scenarios, PV, 2gears, real 2022, £m.
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Figure32: Potential savings for restoration services provided by each interconnector for Marginal Additional case for each of the
scenarios, PV, 2gears, real 2022, £m.
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The variations in restoration services are primar.i
interconnector or OHA, and the other relevant restorat
forecasts the |ligehgr ateiveh opmeats owithin that zone.
rginal Additional case, as | ower interconnector base
s stated previously, there is considerable uncertai
over the next decade and beyond, the GBpgehepatibpboai pawc
restoration markeenwiall ychahNge man#dat participants
interconnector and OHA costs are even | ower, providing
mar ket activity may result in redud®dHdsparticipation
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This indicator assesses the potential volumes of renewable energy supply (RES) curtailment that can
be avoided when an interconnector or OHA is connected to the grid.
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Figure33: RES curtailment avoided in the First Additional case-y2ar total.
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of renewable generation combined with | ow hydrogen pro
|l evels of RES curtail ment across the three scenari os.
Consumer Transfor matoiranunptgvifdes iacremaped | evels of av
the Way also has high Il evels of renewabl e generation
el ectrolysis than in Consumer Transf or maatvioo nd ehde nccoemptahr ee
Consumer Transformati on. Falling Short has relativel.
mi ni mal l evels of electrolysis Il eading to high | evels

avoided whietni oammaladidnt er connector or OHA is added.

LionLink results in the highest Fiemdtlst obn&EScaset ai Am

of the annual RES curtailment figures for LionLink sho
2042), which are used to extrapolate the | ater years,
The folfli gwompares the results for RES curtail ment avoi
at Grain with 1.4GW Iink and Irish demand and generati c

Figure34: RES Curtailment avoided for First Additional, for the original analysis and for Nautilus at Grain with 1.4GW link and Irish
demand and generation from TYNDP 2022
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Consumer Transformati on, most notabllyisbarliampentenkncr &

exports on some of t hien W3e pgeod eRES d wratdd inlgmedmt avoi ded.

Li ralnMaresCosimewta reduction in RS curtail ment avoided,
results in higher imports to GB.
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exports

n thelhmpbest amddekpbng. fl ows across the W3 int
i

i
the individual project chapters.
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35: RES curtailment avoided in thdarginal Additionalcase. 25year total.
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Figure36: RES Curtailment avoided for Marginal Additional, for the original analysis and for Nautilus at Grain with 1.4GW link and

Irish demand and generation from TYNDP 2022.
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9. Results by project

l ntroducti on
The following chapters shows the results for each individual W3 interconnector and OHA.
The results include:
PV constraint costs
Annual constraint costs (undiscounted)
Annual constraint costs (discounted), without and with Constraint Reduction Factor
Annual import and export flows for dispatch and redispatch
Change in constraint costs by boundary

PV system operation

=A =4 =4 -4 -4 -

RES curtailment avoided

Note that the change in constraint costs by boundary is shown without the Constraint Reduction Factor.

This is because the CRF is applied to the aggregated additional constraint cost figures. The CRF assumes
additional reinforcements over and above thosennmgready
and hence it is not possible to accurately forecast the additional constraint costs by boundary when the CRF is

applied.
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10Ami nt h

Although Aminth is physically an OHA, it applied via Window 3, and hence for the purposes of this assessment
it is classified as a W3 project. It has a capacity of 1.4GW and connects to Denmark.

PV constraint cost s

Figure37: PV additional constraint costs due to Aminth for the First Additional case, Present Valueeah real 2022, £m, without
and with Constraint Reduction Factapplied.
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0.5
0.0 |

LW LW crf CT CT crf FS FS crf

Costs

£Bn

The above figure shows the additional constraint costs with the inclusion of Aminth for the FA case. Without the
Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are increased by
£2.8bn, in Consumer Transformation (CT) by £4.2bn and in the Falling Short (FS) scenario by £1.0bn.

With the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are
increased by £1.5bn, in Consumer Transformation (CT) by £1.6bn and in the Falling Short (FS) scenario by
£0.4bn.



Publ i c

Figure38: PV additional constraint costs due to Aminth for the First Additional case, Present Valueah real 2022, £m, for the
original analysis (March 2024) and for Nautilus at Grain witdGW link and Irish demand and generation from TYNDP.
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Figure39: PV additional constraint costs due to Aminth for the Marginal Additional case, Present Valugea§ real 2022, £m,
without and with Constraint Reduction Factapplied.
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The above figure shows the additional constraint costs with the inclusion of Aminth for the MA case. Without

the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are increased
by £0.8bn, in Consumer Transformation (CT) by £1.3bn and in the Falling Short (FS) scenario by £0.2bn.
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With the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are
increased by approximately £0.5bn, in Consumer Transformation (CT) by £0.5bn and in the Falling Short (FS)
scenario by £0.1bn.

Figure40: PV additional constraint costs due to Aminth for tiarginal Additional case, Present Value 3ar, real 2022, £m, for
the original analysis (March 2024) and for Nautilus at Grain with 1.4GW link and Irish demand and generation from TYNDP.

1.4
1.2

1.0

Costs

0.8
0.6
0.4

0.2
0.0 [
LW original LW CToriginal CT FSoriginal FS

The abbyere shows that the changes made to the scenaric
connecting the Nautilus offshore platform to Belgium f
and generation to refl escti nfianasli gIMMNDR addt a nrce wlste i n
scenari os.



Publ i c
Annual constraint costs (undiscounted)

Figure41: Additional annual constraint costs (undiscounted) due to Aminth for the First Additional case.
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The above figure shows that Aminth results in an increase in constraint costs of approximately £300m to £500m
(undiscounted) in CT and LW for the years 2034 to 2036. In FS constraint cost increases are much lower, with
small savings in 2031. The results are significantly higher than the original (March 2024) results.

Figure42: Additional annual constraint costs (undiscounted) due to Aminth for the Marginal Additional case.
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In the Marginal Additional case, Aminth results in an increase in constraint costs of approximately £100m to
£150m (undiscounted) in CT and LW for the years 2032 to 2035. FS shows constraint savings for the years
2033 to 2034, and for the other years shows lower levels of additional constraint costs compared to LW and
CT. The results are significantly higher than the original (March 2024) results.
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Figure43: Additional annual constraint costédiscounted) due to Aminth for the First Additional cager Leading the Way
without and with Constraint Reduction Factapplied.

350
300
250
200
150
100

50

fm

2027

2028
2029

2030

2032

2033

2034

2039 =m

2042 =
2043 =
2044 =
2045 =

|
i
=
<)
o~

2040 ==

M FA LW Aminth crf

2046 =

2047 =

2048 =

2049 =

2050 =

2051 =

2052 =

2053 =

2054 =

2055 =

The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied for the Leading the Way scenario for the First Additional case. The chart shows the impact of the CRF
being applied from 2035 onwards.

Figure44: Additional annual constraint costs (discounted) due to Aminth for the First Additional claseConsumer

Transformation, without and withConstraint Reduction Fact@pplied.
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Figure45: Additional annual constraint costs (discounted) due to Aminth for the First Additional claseFalling Short, without
and with Constraint Reduction Factapplied.
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The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied. The chart shows the impact of the CRF being applied from 2035 onwards. As the years prior to 2035
show relatively lower additional constraint costs than those after 2035, the impact of the CRF is more
pronounced than for the Leading the Way scenario.

Figure46: Additional annual constraint costs (discounted) due to Aminth for tMarginal Additional casefor Leading the Way,
without and with Constraint Reduction Factapplied.
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The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied for the Leading the Way scenario for the Marginal Additional case. The chart shows the impact of the

c

CRF being applied from 2035 onwards.

Figure47: Additional annual constraint costs (discounted) due to Aminth for the Marginal Additional case for Consumer
Transformation, without and withConstraint Reduction Factapplied.
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Figure48: Additional annual constraint costs (discounted) due to Aminth for the First Additional clasd-alling Short, without
and with Constraint Reduction Factapplied.
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Annual i mport and export fl ows

Figure49: Annual import and export flows for Aminth in the FA case for Leading the Way.

Import

TWh

-2 2027 2029 2031 2033 2035 2037 2039 2041

Export
5

LW Aminth Import dispatch LW Aminth Export dispatch

LW Aminth Import redispatch LW Aminth Export redispatch

The above figure shows high exports and low imports in the dispatch. The redispatch shows a reduction in
exports and a very slight increase in imports. Compared to the original (March 2024) results, exports are higher
and imports are lower.

Figure50: Annual import and export flows for Aminth in the FA case for Consumer Transformation.
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The above figure shows high exports and low imports in the dispatch. The redispatch shows a reduction in
exports and a very slight increase in imports. Compared to the original (March 2024) results, exports are higher
and imports are lower.
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Figure51: Annual import and export flows for Aminth in the FA case for Falling Short.
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The above figure shows that for the First Additional case Aminth has increasing levels of exports over the
forecast period up to 2038 for Falling Short. The redispatch shows a reduction in exports after 2033. Compared
to the original (March 2024) results, exports are higher and imports are lower.

Figure52: Annual import and export flows for Aminth in the MA case for Leading the Way.
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The above figure shows for the dispatch high exports, but lower than in the FA case, and low imports, but higher
than in the FA case. The redispatch shows a significant reduction in exports and an increase in imports.
Compared to the original (March 2024) results, exports are higher and imports are similar.
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Figure53: Annualimport and export flows for Aminth in theMA case for Consumer Transformation.
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The above figure shows high exports, but lower than in the FA case, and low imports in the dispatch. The
redispatch shows exports reduced significantly in the early to mid-2030s and an increase in imports. Compared
to the original (March 2024) results, exports are slightly higher and imports are similar.

Figure54: Annual import and export flows for Aminth in th&1A case for Falling Short.
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The above figure shows that for the Marginal Additional case, Aminth has increasing exports, but lower than in
the First Additional case, and decreasing imports in the dispatch, which are higher than those in FA. The
redispatch shows some reduction in exports, especially in the later years and a very small increase in imports.
Compared to the original (March 2024) results, exports and imports are very similar.




Publ i c
Change in constraint costs by boundary

Figure55: Change in constraint costs by boundary for Aminth for the First Additional case for Leading the Way.
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Aminth for the First Additional case for the Leading the Way scenario. Each different colour represents the
change in constraint costs for a particular boundary. It is important to note that the chart shows changes in
constraint costs by boundary, i.e. the difference between constraint costs when the projectis included and when
the project is excluded.

The figure shows that Aminth increases constraint costs on certain boundaries but also reduces constraint costs
on others. Whether the impact is an increase in constraint costs or a reduction in constraint costs for a particular
boundary, changes from year to year. The size of change in constraint costs by boundary can also vary
significantly from year to year. This is shown clearly in the years 2036 to 2037. The figure also shows that the
specific boundaries that have the greatest impact on the total change in constraint costs can vary from year to
year. These factors are a result of the changes in demand, supply and network capability over time.

In general, Aminth increases constraint costs on several northern boundaries, but relieves congestion on certain
midland and southern boundaries in the early years. The impact of the project may not necessarily be on
boundaries that are geographically close to the project. This is to be expected, as the model is minimising total
constraint costs by taking balancing actions across the whole GB network and observing network capabilities,
i.e. boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries.
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Figure56: Change in constraint costs by boundary for Aminth for the First Additional cas€fmisumer Transformation
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Aminth for the First Additional case for the Consumer Transformation scenario.

In general, Aminth increases constraint costs on several northern boundaries, but relieves congestion on certain
midland and southern boundaries in the early years. The impact of the project may not necessarily be on
boundaries that are geographically close to the project. This is to be expected, as the model is minimising total
constraint costs by taking balancing actions across the whole GB network and observing network capabilities,
i.e. boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries.
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Figure57: Change in constraint costs by boundary for Aminth for the First Additional casé-&dling Short
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Aminth for the First Additional case for the Falling Short scenario.

In general, Aminth increases constraint costs on several northern boundaries, but relieves congestion on certain
midland and southern boundaries in the early years. The impact of the project may not necessarily be on
boundaries that are geographically close to the project. This is to be expected, as the model is minimising total
constraint costs by taking balancing actions across the whole GB network and observing network capabilities,
i.e. boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries.
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Figure58: Change in constraint costs by boundary for Aminth for therginal Additional case for Leading the Way.
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Aminth for the Marginal Additional case for the Leading the Way scenario.

In general, Aminth increases constraint costs on several northern boundaries, but relieves congestion on certain
midland and southern boundaries in the early years. The impact of the project may not necessarily be on
boundaries that are geographically close to the project. This is to be expected, as the model is minimising total
constraint costs by taking balancing actions across the whole GB network and observing network capabilities,
i.e. boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries.
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Figure59: Change in constraint costs by boundary for Aminth for th&rginal Additional case fotConsumer Transformation
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Aminth for the Marginal Additional case for the Consumer Transformation scenario.

In general, Aminth increases constraint costs on several northern boundaries, but relieves congestion on certain
midland and southern boundaries in the early years. The impact of the project may not necessarily be on
boundaries that are geographically close to the project. This is to be expected, as the model is minimising total
constraint costs by taking balancing actions across the whole GB network and observing network capabilities,
i.e. boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries, as
well as less savings on several southern boundaries.
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Figure60: Change in constraint costs by boundary for Aminth for th&rginal Additional case forFalling Short

150

100

Costs

50

£m
I
1
I
I
B
I
I

Savings

(50)

2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042

(100)

m BO mB10 B11 B12 mB12a mB13 EmB13Rev mB14 W B14E mB15 W B15Rev
mB16 B17 BlaE BlaF Blal mB1E B1F mB1l mB2E mB2F m B2l

N B4E B B4F B4l B5 B5Rev B6E B6F B6I HB6Rev  EWB6SPT HB7Y

W B7aE W B7aEF W B7aF B7al B7aRev B7Rev B8 mB9 EC1 WEC3 W EC5E

B EC5ehigh m EC5I mLEL HNW1 NW2 NW2Rev = NW3 NW4 SC1 SC1.5 m 5C1.5Rev
m SC1Rev sC2 SC2Rev mSC3 W SC3Rev mSWI1

The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Aminth for the Marginal Additional case for the Falling Short scenario.

In general, Aminth increases constraint costs on several northern boundaries, but relieves congestion on certain
southern boundaries. The impact of the project may not necessarily be on boundaries that are geographically
close to the project. This is to be expected, as the model is minimising total constraint costs by taking balancing
actions across the whole GB network and observing network capabilities, i.e. boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries, as
well as increased savings on several southern boundaries.
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PV system operation

Note: The modelling and analysis for system operation is the same as that within the March 2024 report. It was
not necessary to repeat the work because the change in modelling assumptions would not produce a material
change in the results.

Figure61: PV potential system operability savings for AmintRresent Value 2%ear, real 2022, £m.
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The above figure shows the potential savings for frequency response, reactive power and restoration services
in present value (25-year, 2022 £m) for Aminth for Leading the Way, Consumer Transformation and Falling
Short for both the Marginal Additional and First Additional cases. There is considerable uncertainty around
forecasting potential system operability benefits over a 25-year time horizon, but the figure shows that there is
potentially significant savings in frequency response, reactive power and restoration services.

There is little variation across the three scenarios and also across the First Additional and Marginal Additional
cases. This is because the potential system operability savings from the services provided by Aminth are less
sensitive to flows across the interconnector, whereas the constraint cost impact is highly dependent on the scale
and direction of flows across the project.
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RES curtail ment avoided

Figure62: Annual RES curtailment avoided for Aminth for the First Additional case.
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Figure63: Annual RES curtailment avoided for Aminth for the Marginal Additional case.
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11. AQUI ND

AQUIND is a W3 interconnector project. It has a capacity of 2.0GW and connects to France.

PVconstraint cost s

Figure64: PV additional constraint costs due toQUINDfor the First Additional case, Present Value-g6ar, real 2022, £m,
without and with Constraint Reduction Factapplied.
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The above figure shows the additional constraint costs with the inclusion of AQUIND for the FA case. Without
the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are increased
by £7.7bn, in Consumer Transformation (CT) by £8.0bn and in the Falling Short (FS) scenario by £2.5bn.

With the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are
increased by £4.6bn, in Consumer Transformation (CT) by £3.6bn and in the Falling Short (FS) scenario by
£1.0bn.
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Figure65: PV additional constraint costs due tAQUINDfor the First Additional case, Present Value-g8ar, real 2022, £m, for the
original analysis (March 2024) and for Nautilus at Grain with 1.4GW link and Irish demand and generation from TYNDP.
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Figure66: PVadditional constraint costs due t&QUINDfor the Marginal Additional case, Present Value-gBar, real 2022, £m,
without and with Constraint Reduction Factapplied.
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The above figure shows the additional constraint costs with the inclusion of AQUIND for the MA case. Without
the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are increased
by £4.4bn, in Consumer Transformation (CT) by £4.2bn and in the Falling Short (FS) scenario by £0.9bn.

With the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are
increased by £3.0bn, in Consumer Transformation (CT) by £2.3bn and in the Falling Short (FS) scenario by
£0.35bn

Figure67: PV additional constraint costs due tAQUINDfor the Marginal Additional case, Present Value 3 ar, real 2022, £m,
for the original analysis (March 2024) and for Nautilus at Grain with 1.4GW link and Irish demand and generation from TYNDP.
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Annual constraint costs (undiscounted)

Figure68: Additional annual constraint costs (undiscounted) due AQUINDfor the First Additional case.
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The above figure shows that AQUIND results in an increase in constraint costs of approximately £400m to
£800m (undiscounted) in CT and LW for the years 2031 to 2042. In FS constraint cost increases are much
lower, with small savings in 2028. The results are higher than the original (March 2024) results.

Figure69: Additional annual constraint costs (undiscounted) due AQUINDfor the Marginal Additional case.

£m

400.

200.

2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042
-200.

LW MA AQUIND CTMA AQUIND mFSMA AQUIND
In the Marginal Additional case, AQUIND results in an increase in constraint costs of approximately £200m to
£500m (undiscounted) in CT and LW for the years 2029 to 2036. FS shows a small constraint saving for the

year 2028, and for the other years shows much lower levels of additional constraint costs compared to LW and
CT. The results for all three scenarios are higher than the original (March 2024) results.
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Figure70: Additional annual constraint costs (discounted) due A&QUINDfor the First Additional caséor Leading the Way,
without and with Constraint Reduction Factapplied.
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The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied for the Leading the Way scenario for the First Additional case. The chart shows the impact of the CRF
being applied from 2035 onwards.

Figure71: Additional annual constraint costs (discounted) due AQUINDfor the First Additional caséor Consumer
Transformation, without and withConstraint Reduction Factapplied.
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Figure72: Additional annual constraint costs (discounted) due AQUINDfor the First Additional caséor Falling Short, without
and with Constraint Reduction Factapplied.
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The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied. The chart shows the impact of the CRF being applied from 2035 onwards. As the years prior to 2035
show relatively lower additional constraint costs than those after 2035, the impact of the CRF is more
pronounced than for the LW and CT scenario.

Figure73: Additional annual constraint costs (discounted) due £&&QUINDfor the Marginal Additional casefor Leading the Way,
without and with Constraint Reduction Factapplied.
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The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied for the Leading the Way scenario for the Marginal Additional case. The chart shows the impact of the
CRF being applied from 2035 onwards.
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Figure74: Additional annual constraint costs (discounted) due A&QUINDfor the Marginal Additional case for Consumer
Transformation, without and withConstraint Reduction Factapplied.
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Figure75: Additional annual constraint costs (discounted) due AQUINDfor the First Additional caséor Falling Short, without
and with Constraint Reduction Factapplied.
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Annual i mport and export fl ows

Figure76: Annualimport and export flows forAQUINDIn the FA case for Leading the Way.
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The above figure shows high exports and low imports in the dispatch. The redispatch shows a significant
reduction in exports and a very slight increase in imports. Compared to the original (March 2024) results, exports
and imports are very similar.
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Figure77: Annual import and export flows foAQUINDIn the FA case for Consumer Transformation.
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The above figure shows high exports and low imports in the dispatch. The redispatch shows a reduction in

exports and a very slight increase in imports. Compared to the original (March 2024) results, exports and imports
are similar.

Figure78: Annual import and export flows foAQUINDIn the FA case for Falling Short.
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The above figure shows that for the First Additional case AQUIND has increasing levels of exports over the
forecast period up to 2038 for Falling Short. The redispatch shows a reduction in exports after 2037. Compared
to the original (March 2024) results, exports and imports are very similar.
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Figure79: Annual import and export flows foAQUINDIn the MA case for Leading the Way.
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The above figure shows for the dispatch high exports, but lower than in the FA case, and low imports, similar to
those in the FA case. The redispatch shows a significant reduction in exports and a slightly increase in imports.
Compared to the original (March 2024) results, exports are slightly higher in the dispatch.

Figure80: Annualimport and export flows forAQUINDIn the MA case for Consumer Transformation.
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The above figure shows high exports, but lower than in the FA case, and low imports in the dispatch. The
redispatch shows exports reduced significantly in the early to mid-2030s and a slight increase in imports.
Compared to the original (March 2024) results, exports and imports are similar.
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Figure81: Annual import and export flows foAQUINDIn the MA case for Falling Short.
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The above figure shows that for the Marginal Additional case, AQUIND has increasing exports, but slightly lower
than in the First Additional case, and decreasing imports in the dispatch, which are similar to those in FA. The
redispatch shows some reduction in exports, especially in the later years and a very small increase in imports.
Compared to the original (March 2024) results, exports and imports are very similar.
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Change in constraint costs by boundary

Figure82: Change in constraint costs by boundary f&QUINDfor the First Additional case for Leading the Way.
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
AQUIND for the First Additional case for the Leading the Way scenario. Each different colour represents the
change in constraint costs for a particular boundary. It is important to note that the chart shows changes in
constraint costs by boundary, i.e. the difference between constraint costs when the project is included and when
the project is excluded.

The figure shows that AQUIND increases constraint costs on certain boundaries but also reduces constraint
costs on others. Whether the impact is an increase in constraint costs or a reduction in constraint costs for a
particular boundary, changes from year to year. The size of change in constraint costs by boundary can also
vary significantly from year to year. This is shown clearly in the years 2035 to 2036. The figure also shows that
the specific boundaries that have the greatest impact on the total change in constraint costs can vary from year
to year. These factors are a result of the changes in demand, supply and network capability over time.

In general, AQUIND increases constraint costs on several northern boundaries, but relieves congestion on
certain southern boundaries. The impact of the project may not necessarily be on boundaries that are
geographically close to the project. This is to be expected, as the model is minimising total constraint costs by
taking balancing actions across the whole GB network and observing network capabilities, i.e. boundary
capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries
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Figure83: Change in constraint costs by boundary f8QUINDfor the First Additional case fo€onsumer Transformation
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
AQUIND for the First Additional case for the Consumer Transformation scenario.

In general, AQUIND increases constraint costs on several northern boundaries, but relieves congestion on
certain southern boundaries. The impact of the project may not necessarily be on boundaries that are
geographically close to the project. This is to be expected, as the model is minimising total constraint costs by
taking balancing actions across the whole GB network and observing network capabilities, i.e. boundary
capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries.
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Figure84: Change in constraint costs by boundary fBQUINDfor the First Additional case foFalling Short
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
AQUIND for the First Additional case for the Falling Short scenario.

In general, AQUIND increases constraint costs on several northern boundaries, but relieves congestion on
The impact of the project may not necessarily be on boundaries that are
geographically close to the project. This is to be expected, as the model is minimising total constraint costs by
taking balancing actions across the whole GB network and observing network capabilities, i.e. boundary

certain southern boundaries.

capacities.

Compared to the original (March 2024) analysis, constraint costs are slightly higher on several northern

boundaries.
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Figure85: Change in constraint costs by boundary f8QUINDfor the Marginal Additional case for Leading the Way.
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
AQUIND for the Marginal Additional case for the Leading the Way scenario.

In general, AQUIND increases constraint costs on several northern boundaries, but relieves congestion on
several southern boundaries. The impact of the project may not necessarily be on boundaries that are
geographically close to the project. This is to be expected, as the model is minimising total constraint costs by
taking balancing actions across the whole GB network and observing network capabilities, i.e. boundary
capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries.
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Figure86: Change in constraint costs by boundary f8QUINDfor the Marginal Additional case folConsumer Transformation
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
AQUIND for the Marginal Additional case for the Consumer Transformation scenario.

In general, AQUIND increases constraint costs on several northern boundaries, but relieves congestion on
several southern boundaries. The impact of the project may not necessarily be on boundaries that are
geographically close to the project. This is to be expected, as the model is minimising total constraint costs by
taking balancing actions across the whole GB network and observing network capabilities, i.e. boundary
capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries.
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Figure87: Change in constraint costs by boundary f8QUINDfor the Marginal Additional case forFalling Short
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
AQUIND for the Marginal Additional case for the Falling Short scenario.

In general, AQUIND increases constraint costs on several northern boundaries, but relieves congestion on
certain southern boundaries. The impact of the project may not necessarily be on boundaries that are
geographically close to the project. This is to be expected, as the model is minimising total constraint costs by
taking balancing actions across the whole GB network and observing network capabilities, i.e. boundary
capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries.
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PV system operation

Note: The modelling and analysis for system operation is the same as that within the March 2024 report. It was
not necessary to repeat the work because the change in modelling assumptions would not produce a material
change in the results.

Figure88: PV potential system operability savings foPresent Value 2fyear, real 2022, £m.
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The above figure shows the potential savings for frequency response, reactive power and restoration services
in present value (25-year, 2022 £m) for AQUIND for Leading the Way, Consumer Transformation and Falling
Short for both the Marginal Additional and First Additional cases. There is considerable uncertainty around
forecasting potential system operability benefits over a 25-year time horizon, but the figure shows that there is
potentially significant savings in frequency response, reactive power and restoration services.

There is little variation across the three scenarios and also across the First Additional and Marginal Additional
cases. This is because the potential system operability savings from the services provided by AQUIND are less
sensitive to flows across the interconnector, whereas the constraint cost impact is highly dependent on the scale
and direction of flows across the project.
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RES curtail ment avoided

Figure89: Annual RES curtailment avoided f&QUINDfor the First Additional case.
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Figure90: Annual RES curtailment avoided f&QUINDfor the Marginal Additional case.
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12 . Cronos

Cronos is a W3 interconnector project. It has a capacity of 1.4GW and connects to Belgium.

PV constraint cost s

Figure91: PV additional constraint costs due tGronosfor the First Additional case, Present Value-g6ar, real 2022, £m, without
and with Constraint Reduction Factapplied.
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The above figure shows the additional constraint costs with the inclusion of Cronos for the FA case. Without the
Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are increased by
£6.6bn, in Consumer Transformation (CT) by £8.3bn and in the Falling Short (FS) scenario by £3.1bn.

With the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are
increased by £3.5n, in Consumer Transformation (CT) by £3.2bn and in the Falling Short (FS) scenario by
£1.5bn.
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Figure92: PVadditional constraint costs due t&€ronosfor the First Additional case, Present Value-g8ar, real 2022, £m, for the
original analysis (March 2024) and for Nautilus at Grain with 1.4GW link and Irish demand and generation from TYNDP.
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Figure93: PV additional constraint costs due tGronosfor the Marginal Additional case, Present Value-gBar, real 2022, £m,
without and with Constraint Reduction Factapplied.
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The above figure shows the additional constraint costs with the inclusion of Cronos for the MA case. Without
the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are increased
by £4.2bn, in Consumer Transformation (CT) by £5.2bn and in the Falling Short (FS) scenario by £1.4bn. With
the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are increased
by £2.3bn, in Consumer Transformation (CT) by £2.1bn and in the Falling Short (FS) scenario by £0.6bn.

Figure94: PV additional constraint costs due tGronosfor the Marginal Additional case, Present Value 3&ar, real 2022, £m, for
the original analysis (March 2024) and for Nautilus at Grain with 1.4GW link and Irish demand and generation from TYNDP.
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Annual constraint costs (undiscounted)

Figure95: Additional annual constraint costs (undiscounted) due @onosfor the First Additional case.
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The above figure shows that Cronos results in an increase in constraint costs of approximately £400m to £600m
(undiscounted) in CT and LW for the years 2031 to 2042. In FS constraint cost increases are much lower, in the
range £150m to £250. The results are higher than the original (March 2024) results for LW and CT.

Figure96: Additionalannual constraint costs (undiscounted) due @ronosfor the Marginal Additional case.
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In the Marginal Additional case, Cronos results in an increase in constraint costs of approximately £250m to

£400m (undiscounted) in CT and LW for the years 2030 to 2040. FS shows lower levels of additional constraint

costs compared to LW and CT, in the range of £50m to £150m. The results are higher than the original (March
2024) results for LW and CT.
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Figure97: Additionalannual constraint costs (discounted) due @ronosfor the First Additional caséor Leading the Way, without
and with Constraint Reduction Factapplied.
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The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied for the Leading the Way scenario for the First Additional case. The chart shows the impact of the CRF
being applied from 2035 onwards.

Figure98: Additional annual constraint costs (discounted) due @ronosfor the First Additional caséor Consumer
Transformation, without and withConstraint Reduction Factapplied.
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Figure99: Additionalannual constraint costs (discounted) due ronosfor the First Additional caséor Falling Short, without and
with Constraint Reduction Factapplied.
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The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied. The chart shows the impact of the CRF being applied from 2035 onwards.

Figure100: Additional annual constraint costs (discounted) due @ronosfor the Marginal Additional casefor Leading the Way,
without and with Constraint Reduction Factapplied.
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The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied for the Leading the Way scenario for the Marginal Additional case. The chart shows the impact of the
CRF being applied from 2035 onwards.
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Figurel01 Additionalannual constraint costs (discounted) due @ronosfor the Marginal Additional case for Consumer

c

Transformation, without and withConstraint Reduction Factapplied.
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Figure102 Additional annual constraint costs (discounted) due @ronosfor the Marginal Additional casefor Falling Short,
without and with Constraint Reduction Factapplied.
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Annual i mport and export fl ows

Figure103 Annual import and export flows foICronosin the FA case for Leading the Way.
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The above figure shows high exports and very low imports in the dispatch. The redispatch shows a significant
reduction in exports and a very slight change in imports. Compared to the original (March 2024) results, exports
are slightly higher.
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Figure104: Annual import and export flows folCronosin the FA case for Consumer Transformation.
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The above figure shows high exports and very low imports in the dispatch. The redispatch shows a significant
reduction in exports and only minor changes in imports. Compared to the original (March 2024) results, the
results are very similar.

Figure105: Annual import and export flows foCronosin the FA case for Falling Short.
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The above figure shows that for the First Additional case Cronos has increasing levels of exports over the
forecast period up to 2038 for Falling Short. The redispatch shows a reduction in exports and a significant
reduction in imports. Compared to the original (March 2024) results, the results are very similar.
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Figure106: Annual import and export flows folCronosin the MA case for Leading the Way.
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The above figure shows for the dispatch high exports, but lower than in the FA case, and very low imports that
are similar to those in the FA case. The redispatch shows a significant reduction in exports and little change in
imports. Compared to the original (March 2024) results, exports are slightly higher and imports are similar.

Figure107: Annualimport and export flows forCronosin the MA case for Consumer Transformation.
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The above figure shows high exports, but lower than in the FA case, and very low imports in the dispatch. The
redispatch shows exports reduced significantly for all the years and little change in imports. Compared to the
original (March 2024) results, exports are slightly higher and imports are very similar.
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Figure108 Annual import and export flows folCronosin the MA case for Falling Short.
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The above figure shows that for the Marginal Additional case, Cronos has increasing exports, but lower than in
the First Additional case, and minimal imports in the dispatch, which are lower than those in FA. The redispatch
shows some reduction in exports, especially in the later years and a further reduction in the very low imports.
Compared to the original (March 2024) results, exports are lower and imports are very similar.
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Change in constraint costs by boundary

Figure109: Changen constraint costs by boundary fo€ronosfor the First Additional case for Leading the Way.
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Cronos for the First Additional case for the Leading the Way scenario. Each different colour represents the
change in constraint costs for a particular boundary. It is important to note that the chart shows changes in
constraint costs by boundary, i.e. the difference between constraint costs when the project is included and when
the project is excluded.

The figure shows that Cronos increases constraint costs on certain boundaries but also reduces constraint costs
on others. Whether the impact is an increase in constraint costs or a reduction in constraint costs for a particular
boundary, changes from year to year. The size of change in constraint costs by boundary can also vary
significantly from year to year. This is shown clearly in the years 2036 to 2037. The figure also shows that the
specific boundaries that have the greatest impact on the total change in constraint costs can vary from year to
year. These factors are a result of the changes in demand, supply and network capability over time.

In general, Cronos increases constraint costs on several northern and southern boundaries but relieves
congestion on another southern boundary. The impact of the project may not necessarily be on boundaries
that are geographically close to the project. This is to be expected, as the model is minimising total constraint
costs by taking balancing actions across the whole GB network and observing network capabilities, i.e.
boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern and southern
boundaries.
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Figure11Q: Change in constraint costs by boundary féronosfor the First Additional case fo€onsumer Transformation
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Cronos for the First Additional case for the Consumer Transformation scenario.

In general, Cronos increases constraint costs on several northern and southern boundaries but relieves
congestion on another southern boundary. The impact of the project may not necessarily be on boundaries
that are geographically close to the project. This is to be expected, as the model is minimising total constraint
costs by taking balancing actions across the whole GB network and observing network capabilities, i.e.
boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries.
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Figurel1l Change in constraint costs by boundary fGéronosfor the First Additional case foFalling Short
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Cronos for the First Additional case for the Falling Short scenario.

In general, Cronos increases constraint costs on several northern and southern boundaries but relieves
congestion on another southern boundary. The impact of the project may not necessarily be on boundaries
that are geographically close to the project. This is to be expected, as the model is minimising total constraint
costs by taking balancing actions across the whole GB network and observing network capabilities, i.e.
boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern boundaries
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Figurel12 Change in constraint costs by boundary fGéronosfor the Marginal Additional case for Leading the Way.
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for

Cronos for the Marginal Additional case for the Leading the Way scenario.

In general, Cronos increases constraint costs on several northern and southern boundaries but relieves
congestion on certain other southern boundaries. The impact of the project may not necessarily be on
boundaries that are geographically close to the project. This is to be expected, as the model is minimising total
constraint costs by taking balancing actions across the whole GB network and observing network capabilities,

i.e. boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern and southern

boundaries.
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Figure113 Change in constraint costs by boundary fGéronosfor the Marginal Additional case folConsumer Transformation
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Cronos for the Marginal Additional case for the Consumer Transformation scenario.

In general, Cronos increases constraint costs on several northern and southern boundaries but relieves
congestion on certain other southern boundaries. The impact of the project may not necessarily be on
boundaries that are geographically close to the project. This is to be expected, as the model is minimising total
constraint costs by taking balancing actions across the whole GB network and observing network capabilities,
i.e. boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are higher on several northern and southern
boundaries.
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Figurel14: Changen constraint costs by boundary fo€ronosfor the Marginal Additional case forFalling Short
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The above figure shows the annual change in constraint costs (undiscounted), broken down by boundary for
Cronos for the Marginal Additional case for the Falling Short scenario.

In general, Cronos increases constraint costs on several northern and southern boundaries but relieves
congestion on certain other southern boundaries. The impact of the project may not necessarily be on
boundaries that are geographically close to the project. This is to be expected, as the model is minimising total
constraint costs by taking balancing actions across the whole GB network and observing network capabilities,
i.e. boundary capacities.

Compared to the original (March 2024) analysis, constraint costs are slightly higher on several northern
boundaries.
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PV system operation

Note: The modelling and analysis for system operation is the same as that within the March 2024 report. It was
not necessary to repeat the work because the change in modelling assumptions would not produce a material
change in the results.

Figurell5: PV potential system operability savings f@ronos Present Value 2%ear, real 2022, £m.
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The above figure shows the potential savings for frequency response, reactive power and restoration services
in present value (25-year, 2022 £m) for Cronos for Leading the Way, Consumer Transformation and Falling
Short for both the Marginal Additional and First Additional cases. There is considerable uncertainty around
forecasting potential system operability benefits over a 25-year time horizon, but the figure shows that there is
potentially significant savings in frequency response, reactive power and restoration services.

There is little variation across the three scenarios and also across the First Additional and Marginal Additional
cases. This is because the potential system operability savings from the services provided by Cronos are less
sensitive to flows across the interconnector, whereas the constraint cost impact is highly dependent on the scale
and direction of flows across the project.
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RES curtail ment avoided

Figure116: Annual RES curtailment avoided f@ronosfor the First Additional case.
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Figurel17: AnnualRES curtailment avoided faCronosfor the Marginal Additional case.
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13 . LionLi nk

LionLink is an Offshore Hybrid Asset (OHA) pilot project. It has a capacity of 1.8GW and connects to The
Netherlands.

PV constraint cost s

Figure118 PV additional constraint costs due toionLinkfor the First Additional case, Present Value-g28ar, real 2022, £m,
without and with Constraint Reduction Factapplied.
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The above figure shows the additional constraint costs with the inclusion of LionLink for the FA case. Without
the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are increased
by £3.2bn, in Consumer Transformation (CT) by £2.6bn and in the Falling Short (FS) scenario by £0.4bn.

With the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are
increased by £2.1bn, in Consumer Transformation (CT) by £1.6bn and in the Falling Short (FS) scenario by
£0.2bn.
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Figurel19 PV additional constraint costs due tioionLinkfor the First Additional case, Present Value-g6ar, real 2022, £m, for
the original analysis (March 2024) and for Nautilus at Grain with 1.4GW link and Irish demand and generation from TYNDP.
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Figure12Q: PV additionakonstraint costs due td.ionLinkfor the Marginal Additional case, Present Value-2Bar, real 2022, £m,
without and with Constraint Reduction Factapplied.
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The above figure shows the additional constraint costs with the inclusion of LionLink for the MA case. Without
the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are increased
by £1.6bn, in Consumer Transformation (CT) by £1.4bn and in the Falling Short (FS) scenario by £0.15bn.

With the Constraint Reduction Factor applied, in the Leading the Way scenario (LW) constraint costs are
increased by £0.9bn, in Consumer Transformation (CT) by £0.7bn and in the Falling Short (FS) scenario by

£0.03bn.
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Figurel21 PV additional constraint costs due toionLinkfor the Marginal Additional case, Present Value 3far, real 2022, £m,
for the original analysis (March 2024) and for Nautilus at Grain with 1.4GW link and Irish demand and generation from TYNDP.
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Annual constraint costs (undiscounted)

Figure122 Additionalannual constraint costs (undiscounted) due tdonLinkfor the First Additional case.
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The above figure shows that LionLink results in an increase in constraint costs of approximately £300m to
£600m (undiscounted) in CT and LW for the years 2031 to 2036. CT shows some constraint savings in 2038

and 2039. In FS constraint cost increases are very much lower, with small savings in 2030. The results are
significantly higher than the original (March 2024) results in the early to mid-2030s.
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Figure123 Additional annual constraint costs (undiscounted) due tt@onLinkfor the Marginal Additional case.
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In the Marginal Additional case, LionLink results in an increase in constraint costs of approximately £100m to
£200m (undiscounted) in CT and LW for the years 2030 to 2036. FS shows constraint savings for the years
2030, 2031, 2033 and 2034 and for the other years shows very low levels of additional constraint costs
compared to LW and CT. The results are higher than the original (March 2024) results.
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Figure124: Additionalannualconstraint costs (discounted) due tbionLinkfor the First Additional caséor Leading the Way,
without and with Constraint Reduction Factapplied.
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The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied for the Leading the Way scenario for the First Additional case. The chart shows the impact of the CRF

being applied from 2035 onwards.
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Figurel25: Additional annual constraint costs (discounted) due kdonLinkfor the First Additional caséor Consumer

bl

c

Transformation, without and withConstraint Reduction Factapplied.
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Figurel126: Additionalannual constraint costs (discounted) due tdonLinkfor the First Additional caséor Falling Short, without

and with Constraint Reduction Factapplied.

The above chart shows the additional constraint costs without and with the Constraint Reduction Factor (CRF)
applied. The chart shows the impact of the CRF being applied from 2035 onwards.
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