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Disclaimer

This report has been prepared by FTI Consulting LLP (“FTI") for National Energy System Operator
(“NESO”) (formerly National Grid Electricity System Operator) under the terms of the Agreement
dated 31 October 2024 (the “Contract”).

This report has been prepared solely for the benefit of NESO in connection with examining the
compatibility of dispatch options with GB cross-border trading arrangements.

The report can be disseminated through the industry (as defined under the relevant terms of the
Contract), but no party other than NESO is entitled to rely on it for any purpose whatsoever.

This report is not to be referred to or quoted, in whole or in part, in any registration statement,
prospectus, public filing, loan agreement, or other agreement or any other document, or used in
any legal, arbitral or regulatory proceedings without the prior written approval of FTI.

FTI accepts no liability or duty of care to any person (except to NESO under the relevant terms of
the Contract) for the content of the report. Accordingly, FTI disclaims all responsibility for the
consequences of any person acting or refraining to act in reliance on the report or for any
decisions made or not made which are based upon such report.

The report contains information obtained or derived from a variety of sources. FTlI does not accept
any responsibility for verifying or establishing the reliability of those sources or verifying the
information so provided.

Nothing in this material constitutes investment, legal, accounting or tax advice, or a
representation that any investment or strategy is suitable or appropriate to the recipient’s
individual circumstances, or otherwise constitutes a personal recommendation.

No representation or warranty of any kind (whether express or implied) is given by FTI to any
person as to the accuracy, completeness, reliability or adequacy of the report or of the
information provided therein.

The report is based on information available to FTI at the time of writing of the report and does
not take into account any new information which becomes known to us after the date of the
report. We accept no responsibility for updating the report or informing any recipient of the report
of any such new information.

All copyright and other proprietary rights in the report remain the property of FTl and all rights are
reserved.

Copyright Notice

© 2024 FTI Consulting LLP. All rights reserved.
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BSC
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utilised

Counterintuitively
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Critical network

elements
DA
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DC
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DK1
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Definition

European Union Agency for the Cooperation of Energy Regulators
automatic Frequency Restoration Reserves

Advanced Hybrid Coupling

Ancillary Services

Bordering Bidding Zone

Balancing Mechanism

Balancing Mechanism Unit

Balancing and Settlement Code

Capacity Allocation and Congestion Management Guideline

The charges paid by BSC Parties when being imbalanced, i.e. for
portfolio-level deviations between their contractual positions
and metered generation/consumption.

Competitively Appointed Transmission Owners
Cross-Border Balancing

Capacity Calculation Region

Central European Time

Coordinated Net Transmission Capacity

Available cross-zonal capacity that can be allocated to the DAM
or IDM

The wholesale price differentials between two interconnected
markets

An IC that is: (i) scheduled intuitively but with an IC flow lower
than the maximum possible capacity (after accounting for
transmission losses); or (ii) scheduled counterintuitively

IC that is scheduled in a direction that goes against the
commercial price differential

Intra-zonal or cross-zonal network elements that are impacted
by cross-zonal trade

Day-Ahead

Day-Ahead Market

Direct Current

Department for Energy Security and Net Zero
Western Denmark price zone

Electricity Balancing Guideline

European Network of Transmission System Operators for
Electricity



EPAD
EPEX
ESO

EU

EU BBZ
EU OBZ

EU-only
countertrading
EUPHEMIA

EWIC
FCA GL
FES

Flagged actions

Flow nomination

FPN

FR

FTI

FTR

GB

GB BBZ
GB CCR

GB IC zone

GB NSL zone

GB OBZ

GB-lIrish ICs
GB-system-optimal
GCT

HM

HND

HVAC

HVDC

IC

IC scheduling prices
ID

ID price forecasting
horizon
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Electricity Price Area Differential
European Power Exchange

Electricity System Operator
European Union

EU Bordering Bidding Zone

An OBZ that is part of EU’s jurisdiction

Countertrading after the GB GCT up to the wholesale GCT in the
European IDM

The algorithm that has been developed to resolve the Day-
Ahead European Market Coupling problem

East-West Interconnector
Forward Capacity Allocation Guideline
Future Energy Scenarios

An action in the BM undertaken by NESO to resolve system
constraints

The intended volume and direction of flows on the IC declared by
IC capacity holders to the relevant SOs

Final Physical Notification
France

FTI Consulting

Financial Transmission Rights
Great Britain

GB Bordering Bidding Zone

Hypothetical Capacity Calculation Region covering the cross-
zonal borders within GB

Price zone in GB (under Z1 or Z3) containing an IC's landing point
Price zone in GB (under 71 or Z3) where NSL connects

An OBZ that is part of GB’s jurisdiction

The ICs between GB and Ireland, i.e., currently EWIC and Moyle
Scheduled in line with overall GB system needs

Gate Closure Time

Home Market

Holistic Network Design

High Voltage Alternating Current

High Voltage Direct Current

Interconnector

The price signals used to determine the ICs’ schedules
Intraday

The time period over which ID prices need to be forecasted that
is of relevance for the valuation of the ID IC capacity rights



ID3 IC auction
IDA

IDCZGCT

IDM

IEM

IFA

Intuitively scheduled

IC

IPN
I-SEM
ISO
IlUCCR
JAO
LTTR
Ltw
MARI
MCO
MFRR
MPI
MRLVC
MTU
NO

NO MRLVC
NO Price Coupling
NO Status Quo

N1

N1 MRLVC
N1 Price Coupling
N1 Status Quo

N2EX

N3

N3 MRLVC

N3 Price Coupling
N3 Status Quo
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Third intraday interconnector IC capacity auction
Intraday Auction

Intraday Cross- Zonal Gate Closure Time
Intraday Market

Internal Electricity Market

Interconnexion France-Angleterre

IC that is scheduled to flow from the price zone with the lower
wholesale price towards the region with the higher wholesale
price, while accounting for transmission losses

Initial Physical Notification

Integrated Single Electricity Market
Independent System Operator
Ireland-UK Capacity Calculation Region
Joint Allocation Office

Long-term Transmission Right

Leading the Way

Manually Activated Reserves Initiative
Market Coupling Operator

manual Frequency Restoration Reserves
Multi-Purpose Interconnector
Multi-region Loose Volume Coupling
Market Time Unit

The current market design, i.e. self-scheduling with national
wholesale pricing and GCT of 1 hour

MRLVC under the current NO market design
Price Coupling under the current NO market design

Status Quo cross-border trading arrangements under the
current NO market design

Self-scheduling with national wholesale pricing and an extended
GCT

MRLVC under the N1 market design
Price Coupling under the N1 market design

Status Quo cross-border trading arrangements under the NI
market design

Nord Pool Exchange

Central scheduling with national wholesale pricing
MRLVC under the N3 market design

Price Coupling under the N3 market design

Status Quo cross-border trading arrangements under the N3
market design



NEMO
NESO
NGV
NOA7
NO
NO2

Non-flagged actions

NSI

NSL

NTC
NWE
OBZ
OHA
oT1C
OWF

PD
PICASSO

PN
PTDF
PTO
PTR
PUN
PX
REMA
RR

RT
RUC
SCED

Scheduling price
differential

SCuUC
SDAC

Shadow nodal price

SIDC
SO
SO-SO
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Nominated Electricity Market Operator
National Energy System Operator
National Grid Ventures

Network Options Assessment 7
Norway

Price Zone 2 in Norway

An action in the BM undertaken by NESO to resolve an energy
imbalance

Non-standard Interconnector
North Sea Link

Net Transfer Capacity
Northwest Europe

Offshore Bidding Zone
Offshore Hybrid Asset
Over-the Counter

Offshore Wind Farm

Physical Dispatch

Platform for the International Coordination of Automated
Frequency Restoration and Stable System Operation

Physical Notification

Power Transfer Distribution Factor

Price Taking Order

Physical Transmission Rights

Prezzo Unico Nazionale, i.e. the Italian-wide wholesale price
Power Exchange

Review of Electricity Market Arrangements
Replacement Reserves

Real Time

Reliability Unit Commitments

Security Constrained Economic Dispatch

The price differential used to schedule flows on ICs

Security Constrained Unit Commitment
Single Day-Ahead Coupling

The marginal cost of electricity at a transmission node
determined via a SCUC/SCED

Single Intraday Coupling
System Operator

System Operator to System Operator



TCA
TERRE
TSO
uioLI
uIOSI
UK

Unconstrained price

Virtual IC capacity

right

VOLL

XBID

YA

Zl

Z1 MRLVC

Z1 Price Coupling
Z1 Status Quo

Z3

Z3 MRLVC

Z3 Price Coupling
Z3 Status Quo
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Trade and Cooperation Agreement
Trans-European Replacement Reserves Exchanges
Transmission System Operator

Use-It-Or-Lose-It

Use-It-Or-Sell-It

United Kingdom

Wholesale price that does not take into account transmission
constraints

IC capacity right introduced under central scheduling when
scheduling ICs based on shadow nodal prices under an explicit
cross-border trade arrangement. These IC capacity rights share
similarities with both FTRs and PTRs — holders are not able to
nominate flows (like FTRs) but are required to take a position in
the GB DAM or lose the right to the congestion revenue (like PTRs)

Value of Lost Load

Cross-Border Intraday Coupling
Year-ahead

Self-scheduling with zonal wholesale pricing
MRLVC under the Z1 market design

Price Coupling under the Z1 market design

Status Quo cross-border trading arrangements under the 71
market design

Central scheduling with zonal wholesale pricing
MRLVC under the Z3 market design
Price Coupling under the Z3 market design

Status Quo cross-border trading arrangements under the 723
market design
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Executive summary

Introduction

1. The UK Government is currently undertaking a Review of Electricity Market Arrangements
("REMA"), its “flagship policy to enable a net zero power sector by 2035". Its purpose is to
“identify reforms needed to transition to a decarbonised, cost effective and secure
electricity system” in Great Britain (“GB”).'REMA is evaluating a range of potential design
options, including in wholesale electricity pricing (e.g. national and zonal pricing), in
scheduling (e.g. central and self-scheduling) and in the wholesale gate closure timings
(e.g. an extended gate closure time (“GCT")).

2. These design options have implications for the cross-border trading arrangements in GB,
which play a significant and growing role in driving outcomes in GB’s power market.
Interconnectors (“ICs”), whether they are simple point-to-point, multi-purpose or non-
standard, enable electricity to be traded between GB and connected European countries.
As such, they can act as sources of supply and/or demand for GB and can support the GB
power market across all three aspects of the energy trilemmma. Indeed, there is currently
10.3 GW of IC capacity between GB and its neighbours,> which could reach up to 23.7 GW
by 2035.2

3. Cross-border trading of electricity, if designed well, can play a critical role in delivering GB
consumer and societal welfare benefits. Their scale and two-way nature mean that if ICs
are not scheduled efficiently, they can fail to deliver the benefits they otherwise could, or
even, in some cases, increase the costs of reaching Net Zero. Two main factors impact
whether ICs are scheduled efficiently:

(i) The extent to which the price signals on which the schedules of ICs are based (“IC
scheduling prices”) align the ICs’ schedules with GB system needs; and

(ii) The extent to which the cross-border arrangement enables ICs to be scheduled in
alignment with those IC scheduling prices. This alignment is referred to as the
“commercial utilisation of the IC".

' REMA, Department for Energy Security and Net Zero (“DESNZ”) (link).
2 Greenlink (500 MW) is included which is expected to be in operation in early 2025.
3 Future Energy Scenarios (“FES”) 24 data workbook, ES.19.
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4. Inefficiencies in the scheduling of ICs arise today due to both factors. With regards to the
first factor, ICs frequently need to be redispatched close to delivery as their scheduled
flows would aggravate rather than relieve internal GB transmission constraints. This can
happen even when an IC’s schedule is perfectly aligned with the differential between the
GB wholesale price and the wholesale price in the connecting market. For example, the
current single national GB wholesale price can often incentivise ICs in the South of GB to
be scheduled for export from GB towards Europe, even though doing so may, at times,
exacerbate intra-GB constraints that require costly redispatch actions to resolve.* The
frequent failure in aligning IC schedules and GB system needs has been one of the drivers
for considering changes to the current national wholesale pricing and/or self-scheduling
arrangements in GB, both of which are examined in this report.

5. With regards to the second factor, after the exit of the the United Kingdom (“UK”) from the
European Union (“EU”), most GB ICs shifted from a previous implicit Price Coupling
arrangement with the EU to an explicit cross-border trading arrangement.® In contrast to
Price Coupling, explicit trading on ICs has led in some instances to the commercial under-
utilisation of ICs and even the scheduling of counterintuitive flows, e.g. ICs scheduled
against the outturn wholesale price difference between GB and the connecting market.®
For example, IC capacity holders have, from time to time, nominated their IC rights based
on forecasts of wholesale price differentials between GB and the connecting market that
turned out to be incorrect. Alternative cross-border trading arrangements are being
actively considered to mitigate the downsides of explicit trading on most GB ICs, for
example, Multi-Region Loose Volume Coupling (“MRLVC”) or a potential return to some
form of Price Coupling.

4 Electricity System Operator (“ESO”) analysis to support Ofgem’s Third Cap and Floor Window and Multi-
Purpose Interconnector (“MPI”) Pilot Regulatory Framework, ESO, August 2022, p.10, 11 (link).

5 Except for the North Sea Link (“NSL”) IC between GB and Norway, and the various ICs between GB and
Ireland (“GB-Irish ICs”), which continued to have implicit trading arrangements.

¢ ‘The value of international electricity trading’, report commissioned by Ofgem (link).
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6. In this context, FTI Consulting (“FTI") has been commissioned by National Energy System
Operator (“NESO”) to examine the interactions between potential REMA reforms and
current/potential future cross-border trading arrangements shown in Table 1.7:8:9
Specifically, FTI has been requested to systematically map out the feasibility, efficiency
and commercial impacts of all combinations across the relevant market timeframes.

Table 1: Combinations of cross-border and market design arrangements

examined
Market design Self-scheduling | Self- Central Central
— with national scheduling scheduling scheduling
Cross-border pricing and with zonal with national with zonal
extended GCT | pricing (“Z1”) | pricing ("N3”) | pricing (“23")
arrangement | (“N1")
Status Quo
For each combination, the forward, day-ahead, intraday and post-
MRLVC

gate closure timeframes are examined.

Price Coupling

7. In performing this analysis, FTI has not sought to comment on the preferred option(s) for
cross-border trading arrangements nor on the desirability of the specific REMA design
outcomes. FTI has also not assessed any legal implications or potential interactions with
the Trade and Cooperation Agreement (“TCA”). Rather, FTI has taken the four potential
REMA market designs as given and, in turn, examined: (i) how different cross-border
trading arrangements could be developed or adapted in order to be compatible with the
different market designs; (ii) whether any of the considered market designs lead to
significant shortcomings when combined with certain cross-border traarrangements;
and (iii) what the potential benefits and drawbacks of different cross-border trading
arrangements might be. This study has been performed purely qualitatively, and, where
relevant, FTI has identified the need for additional empirical assessment to refine the
evaluation.

8. The rest of this Executive Summary draws out the seven key findings from the study. A
comprehensive survey of all twelve combinations of cross-border trading arrangements
and considered market designs is provided in the following ‘Introduction and Report
Summary’.

7 The Status Quo arrangements include explicit trading arrangements on all ICs except for implicit price
coupling on: (i) NSL (GB-Norway) in the day-ahead timeframe; and (i) on the GB-Irish ICs in the intraday
("D") timeframe.

8 For the avoidance of doubt, there is no “Z2" or “N2" design option included in this report. The nomenclature
is aligned with NESO’s assessment (link).

® Under the central scheduling arrangements (N3 and Z3), there is a choice to schedule ICs based on
shadow nodal prices or unconstrained national (N3)/zonal(z3) prices.
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Seven key findings of the study

Key Finding #1: Other things being equal, it is preferable to schedule cross-border
assets: (i) based on prices that signal GB system needs; and (ii) under a cross-border
arrangement that ensures that IC schedules are aligned with those price signals.

9. Itis preferable for IC scheduling prices to reflect GB system needs, as this helps to reduce
the volume of redispatch actions that NESO needs to take to balance the system, and, in
turn, leads to lower redispatch costs (which are ultimately borne by consumers). Shadow
nodal prices, which are calculated based on demand, supply and transmission network
constraints for each node on the GB system, best reflect GB system needs in any given
time period and can be used to schedule ICs under central scheduling (N3 and z3).°

10. Zonal unconstrained prices can be considered the next best alternative to shadow nodal
prices (albeit the design of the zones affects the extent to which these are a good proxy
for the main transmission constraints on the network). Finally, national unconstrained
prices, as under the current market design, often fail to reflect GB system needs properly
and therefore frequently result in inefficiencies when used to schedule ICs." These
inefficiencies translate into a need to redispatch ICs (or other assets) close to real time,
thus leading to additional consumer costs. While ICs are flexible assets and can be
rescheduled to address GB system needs (and thus help balance the system), it is
preferable for ICs (from a GB consumer perspective) to be scheduled in line with the GB
system needs at the outset rather than through redispatch actions.

10 An additional complexity when scheduling ICs based on shadow nodal pricing is that this can lead to
flows that are intentionally scheduled in a counterintuitive direction (e.g. against the wholesale price
differential they are exposed to). This implies that additional transfer payments to ‘make-whole’ ICs are
likely to be required to maintain the appropriate incentives and limit the IC owners' risk exposure.

" Modelling the GB power system from 2030 to 2040 under the FES 2022 Leading the Way (“LtW”) with Holistic
Network Design (“HND”) + Network Options Assessment 7 (“NOA7") refresh assumptions, we find that
under self-scheduling with national wholesale pricing the direction of the scheduled flows across all ICs
is not in line with the GB-system-optimal IC schedules in 10-20% of the hours. Source: ‘Assessment of the
benefits of alternative dispatch (scheduling) models’, FTI report for NESO (to be published in 2025).
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1. Itis also preferable that the cross-border arrangements in place ensure that IC schedules
are aligned with the scheduling prices that ICs (or IC capacity holders) are exposed to.
Forecast errors under explicit trading and imperfect information sharing under MRLVC can
lead to unintentional misalignments of the IC schedules with the outturn scheduling prices
that IC capacity holders (or owners) are exposed to. Assuming scheduling prices are well-
defined (see 99 above), this would imply an efficiency loss compared to when IC
schedules are perfectly aligned with the prevailing IC scheduling prices. This alignment is
guaranteed under Price Coupling, as wholesale prices and IC schedules are
simultaneously determined.”?

Key Finding #2: However, the two objectives (from Key finding #1) conflict with each
other and thus make a first-best approach infeasible.

12. The first-best outcome, based on the discussion above, would entail scheduling ICs in line
with GB system needs (e.g. using central scheduling where ICs are scheduled based on
shadow nodal prices), while simultaneously having Price Coupling between GB and the
connected countries in place.

13. In practice, this would mean the existing EUPHEMIA algorithm ™ would need to
accommodate potentially hundreds of additional GB nodes in the market clearing
process. This is not feasible in the short to medium term for computational reasons.
Moreover, GB would likely not be willing or able to provide the required GB network
information (physical parameters of all intra-GB transmission lines) to the European
Market Coupling Operator (“MCO”) for security reasons. Nor does it seem likely that the EU
would be willing to make very significant changes to the EUPHEMIA algorithm in order to
accommodate GB’s market design choices. Hence, the first-best combination does not
appear possible currently and a compromise is necessary.

12 Disregarding potential impacts from balancing actions and IC ramping limits. Further, intentional
counterintuitive flows are possible under Flow-Based Market Coupling (which does not apply for the direct
current (“DC”) ICs between GB and the connecting European market).

13 EUPHEMIA is the Price Coupling algorithm that is used in the Single Day-Ahead Coupling (“SDAC”) to
calculate electricity wholesale prices and simultaneously allocate cross-zonal transmission capacity
across Europe.

Confidential 14



FTI Consulting Report for NESO | Executive summary

Key Finding #3: A zonal wholesale market design is the only variant that can be
combined with Price Coupling without leading to significant downsides. Its key benefit
relative to a national wholesale market design is that, under both self-scheduling (21)
and under central scheduling (Z3),#it better aligns scheduling prices faced by ICs with
GB system'’s needs at that time.

14. If Price Coupling was a priority for policy makers, then the zonal designs (Z1 and Z3 with
unconstrained zonal prices) are the key market design options identified in this study that
would be compatible with it. Zonal pricing combined with Price Coupling has been
successfully operating for many years in several European countries, e.g., Sweden, Norway,
Denmark and Italy. As discussed in Key Finding #2, central scheduling while using shadow
nodal prices to schedule ICs is hot compatible with Price Coupling.

15. While zonal prices are less reflective of GB system needs compared to shadow nodal
prices, they are an improvement on a national GB unconstrained price (noting that the
extent of this improvement depends on how well the zones are aligned with the main
transmission constraints on the network).”® As such, they help to align scheduling prices
faced by ICs with GB system needs. This would manifest itself in reduced volumes of
redispatch actions required to take place on ICs under a zonal market design (compared
to a national self-scheduling market design).

16. This design is also future proof as it can accommodate updates to the zonal setup in GB,
as well as directly incorporate new Offshore Bidding Zones (“OBZs”). Since a modest
number of OBZs (e.g. fewer than 10) are likely to be introduced in the short to medium term,
it is expected that these could be included in the central market clearing algorithm along
with other European price zones without significant additional computational complexity.

4 As described in Footnote 9, under the Z3 design there are two options for scheduling ICs: using shadow
nodal prices or using unconstrained (zonal) prices. In Key Finding #3 we refer to the option where
unconstrained prices are used to schedule ICs.

15 From the perspective of the efficiency of cross-border scheduling, there is limited difference between ZI
and z3 (when scheduling ICs based on unconstrained zonal prices). However, there may be additional
benefits of having central scheduling in place. These could include increased visibility of the scheduling
of assets within zones (e.g. reducing the costs of managing intra-zonal congestion) and the facilitation
of the co-optimisation of energy scheduling and ancillary services, but these have not been explored in
this report.
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Key Finding #4: Scheduling ICs based on shadow nodal prices under the market designs
with central scheduling is feasible with explicit trading or MRLVC variants'®, but its
efficiency is limited by forecast errors and compromises on the information being used
in IC scheduling, respectively. Nevertheless, scheduling ICs based on shadow nodal
prices under central scheduling with national wholesale pricing (N3) could be an
attractive option if zonal pricing is not adopted. However, it is a complex and novel option
that has to our knowledge, at the time of drafting this report, not been tested in practice.

17. Central scheduling with national wholesale pricing in which ICs are scheduled based on
shadow nodal prices appears to be feasible under explicit trading. However, various
potentially complex measures would need to be developed to maintain appropriate
incentives for IC capacity holders and limit their risk exposure. This would likely be
cumbersome and complex to implement.

18. This market design also appears feasible under MRLVC, although there would be additional
complexity with regards to the information that NESO would need to provide to the MRLVC
clearing algorithm. The extent to which the information provided to the MRLVC algorithm
is simplified will affect the extent to which flows are scheduled in line with shadow nodal
prices and are thus GB-system-optimal under MRLVC.

19. If policymakers choose to retain the current national pricing arrangements, then explicit
cross-border trading or MRLVC variants of central scheduling with national pricing would
enable ICs to be scheduled in line with system needs (using shadow nodal prices). Both
explicit and MRLVC options would likely entail potentially material transfer payments to
‘make-whole’ IC capacity holders (or IC owners) when ICs are intentionally scheduled
against the commercial price differential.” In turn, this would be funded by consumers.

20. However, FTl is, at the time of drafting this report, not aware of any precedent where
national wholesale pricing has been combined with central scheduling where ICs are
scheduled using shadow nodal prices.'® As such, this option would be breaking new ground
in terms of market design with attendant risks.

16 As discussed in Key Finding #2, central scheduling while using shadow nodal prices to schedule ICs is not
compatible with Price Coupling.

7 The commercial price differential is the difference between the national/zonal unconstrained price in GB
(which are used to compensate market participants) and the wholesale price of the connecting
European bidding zone. For example, it can be that the unconstrained national GB price is £30/MWh, the
price in the connecting European market is £50/MWh and the shadow nodal price at the IC landing point
in GB is £60/MWh. This would mean that the IC is scheduled to import in GB based on the GB shadow
nodal price, e.g. against the commercial price difference.

18 A practice that would come closest to the described approach would be the near real-time coordination
of the scheduling of interties, i.e. transmission lines between North American Independent System
Operators (“ISOs”) that have nodal wholesale pricing in place.
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Key Finding #5: While Price Coupling is also in principle compatible with scheduling ICs
on unconstrained national wholesale prices under central scheduling (N3), it would lead
to major inefficiencies and significantly weaken the case for central scheduling.

21. In this option, central scheduling would be introduced in GB (N3) and all assets (except
cross-border ones) would be scheduled based on shadow nodal GB prices. Somewhat
incongruously, in this design, ICs would be scheduled based on unconstrained national
wholesale prices. In principle, Price Coupling is technically feasible when scheduling ICs on
unconstrained national wholesale prices; indeed, this mirrors the pre-Brexit arrangements.
However, two issues make this option significantly less attractive compared to combining
Price Coupling with zonal market designs (Z1 or Z3 when scheduling ICs based on

unconstrained zonal prices).

o First, instances of scheduling of ICs in a manner that is sub-optimal from the GB
system’s perspective based on a national wholesale price have become more
prevalent and are one of the drivers behind rising constraint costs in GB (as has
been evidenced in the latest Window 3 Cap and Floor assessment by Ofgem).”® The
benefits case of transitioning to central scheduling would be significantly reduced
if ICs were the only asset class that would continue being scheduled based on
national wholesale prices — indeed it appears incongruous for GB to transition to a
central scheduling arrangement but continue to schedule the large volume of
flexible two-way ICs using (unconstrained) national GB prices.

o Second, pre-Brexit ID cross-border arrangements were explicit, which allowed for
countertrading with the connecting markets via IC capacity holders.?° Today, Price
Coupling has also been rolled out in the ID timeframe in Europe, e.g. via the so-
called Single Intraday Coupling (“SIDC”). In the scenario that GB would also join the
SIDC when being part of the SDAC, it is uncertain (both from legal and regulatory
perspectives) whether countertrading in the ID timeframe between GB and the
connecting markets would still be possible and how it could be implemented
efficiently.?2?

20

21

22

See ‘Cap and Floor Window 3 and OHA pilot scheme Needs Case Assessment ESO modelling report’ by
ESO (link) and ‘NESO System Impact Assessment Report Cap and Floor Window 3 and OHA Pilot Scheme
Needs Case Assessment: post-consultation analysis, report commissioned by Ofgem’ by NESO (link).

Countertrading helps to redispatch flows on ICs that exacerbate intra-GB constraints. These
arrangements are also in place today on most ICs (but not on NSL and the GB-lIrish ICs).

Countertrading in the ID market is currently in place between the Western Denmark price zone (“DK1”) and
Germany (TenneT) (link, link). However, it is unclear whether such arrangement could easily be replicated
for GB and the relevant connecting European market.

Similar adaptations to countertrading arrangements would be required when scheduling ICs based on
(unconstrained) zonal prices when combined with Price Coupling, but countertrading is less vital under
a zonal market design as constraint volumes would be expected to be lower (olbeit, as noted, this
depends on how well zonal boundaries reflect intra-GB transmission constraints).
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22. Overall, introducing central scheduling while continuing to schedule ICs using
unconstrained GB national prices (as opposed to shadow nodal prices) would likely
perpetuate the existing misalignment between IC schedules and GB system needs, while
making it potentially more challenging for NESO to balance the system via redispatch
actions on ICs.

Key Finding #6: Under the Status Quo cross-border trading arrangements, explicit
trading arrangements are compatible with scheduling ICs based on (i) unconstrained
zonal prices (Z1 or 23); or (ii) shadow nodal prices (N3 or Z3). However, moving away
from national scheduling prices for ICs would lead to frictions with the current implicit
arrangements on the GB-Irish ICs and NSL. The implicit Status Quo arrangements would
therefore likely need to be amended, with a fallback option being a return to explicit
trading for those ICs.

23. The current explicit arrangements on the Northwest Europe (“NWE”) ICs are compatible
with scheduling ICs based on zonal prices (Z1 or Z3) or shadow nodal prices (N3 or Z3).

24. However, if scheduling of ICs based on shadow nodal prices (N3 or z3) were to be
implemented, the continuation of the implicit cross-border trading arrangements on GB-
Irish ICs and NSL would be challenging. Maintaining implicit Price Coupling would imply
that a single entity was to jointly define prices in GB and the Integrated Single Electricity
Market of Ireland (“I-SEM”)/Norwegian Price Zone 2 (“NO2”) and associated flows on the
relevant ICs. This role could be for example performed by NESO, SEMOpx (for GB-Irish ICs)
or N2EX (for NSL) — but it is unclear whether any of these options would be viable for security
reasons.® If none of the options are viable, alternative arrangements would need to be
identified for the GB-Irish ICs and NSL (with moving back to explicit trading as a backstop
option).

25. Similarly, when scheduling ICs based on (unconstrained) zonal prices (Z1 or Z3), the
continuation of the implicit arrangements would be challenging (GB-Irish ICs) and not
future proof (NSL).

o If the GB-Irish ICs would connect to different zones in GB, the concurrent clearing of
the I-SEM with the relevant GB zones via a British-Irish coupling would (from time to
time, though not necessarily always) implicitly determine specific intra-GB cross-
zonal flows. Given that intra-GB cross-zonal capacity would be implicitly cleared via
a separate mechanism, the continuation of the implicit arrangement on the GB-
Irish ICs would likely lead to an inefficient use of the intra-GB network.

2 Security concerns relate to risks associated with the sharing of GB detailed network and/or asset
information, required for central scheduling algorithm to operate. For example, sharing such information
with a non-GB entity could be seen as posing a security risk; and vice versa if a connected country were
to share sensitive network or generation asset-specific information with the GB MCO.
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26.

27.

28.

29.

30.

o This issue would not arise under the implicit NSL arrangements, as there is currently
only one IC between GB and Norway. However, this current arrangement is not future
proof to new ICs that may connect to different zones in GB and/or Norway than NSL.

If the existing implicit arrangements were not viable under this design, alternative options
may need to be considered. As a fallback option, the current implicit arrangements on the
GB-Irish ICs and NSL could be replaced by an explicit arrangement. Everything else equal,
replacing an implicit (for GB-Irish ICs and NSL) with an explicit cross-border trade
arrangements would likely result in an efficiency loss. This loss would need to be compared
to the efficiency gains arising from scheduling all ICs on shadow nodal (N3 or Z3) or zonal
prices (Z1 or z3) rather than on national GB wholesale prices. It appears to us that the
efficiency gains of the latter would likely outweigh the efficiency loss of the former,
however, this would need to be examined further.

Key Finding #7: Benefits of extending the GB GCT per se are uncertain, and would lead
to increased misalignment with Europe (including potentially preventing a return to

Price Coupling).

One proposed approach to potentially reduce intra-GB constraint costs has been to keep
the current market design in place but extend the wholesale GCT (N1).

The overall impact on GB system costs when extending the wholesale GCT in GB beyond
the current 1 hour is uncertain. There are two countervailing effects: on the one hand, NESO
has more time to perform redispatching actions which could help lower system costs,
whereas on the other hand, NESO would need to play a greater role in managing energy
imbalances (e.g. driven by potentially larger forecast errors given the GCT would take
place further away from real time), which could lead to higher GB system costs. The
balance of these two effects would need to be examined in more detail.

This is further complicated by ongoing market reforms in Europe to shorten the intraday
cross-zonal GCT (“IDCZGCT”) to 30 minutes. Under the Status Quo cross-border
arrangements, there would be a reduced overlap in the post-GCT period between GB and
Europe. This would shorten the window during which redispatch actions can be taken
unless European Transmission System Operators (“TSOs”) are: (i) willing for NESO to
perform System Operator to System Operator (“SO-SO”) trades before their European
wholesale GCT; or (i) willing to continue countertrading after the GB wholesale GCT.

If GB would need to comply with the Internal Electricity Market (“IEM”) Regulations under
Price Coupling, it would mean that the IDCZGCT would need to be at most one hour ahead
of delivery.?* This would imply that, under Price Coupling, the NI market design is not
possible.

2 From the 1st of January 2026 the IDCZGCT shall not be more than 30 minutes ahead of delivery.
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Summary of key findings

3l. The assessment of the efficiency of each cross-border trading and market design

arrangement combination is summarised in Figure 1 below. In this figure, it is mapped out
how: (i) IC scheduled flows align with scheduling prices, on the y-axis; and (ii) IC
scheduling prices reflect GB system needs, on the x-axis. As shown below, GB is currently
in the “fourth-best” world (bottom left). Of the combinations considered:

Price Coupling with shadow nodal pricing is the first best option (Key Finding #1) but
is not feasible (Key Finding #2).

The second-best option is the combination of a zonal wholesale market design with
Price Coupling (top middle box) which is well-established and has been
successfully implemented in several EU countries (Key Finding #3).

If retaining a single national wholesale price is the preferred policy choice, an
alternative could be to introduce central scheduling where ICs are scheduled based
on shadow nodal prices (and explicit or MRLVC cross-border arrangements).
However, this is a novel option that to our knowledge, at the time of writing, has not
been implemented in any jurisdiction (Key Finding #4).

Amongst the third-best options, the choice for policy makers will depend on the
feasibility of MRLVC (which is uncertain), on the willingness of the EU to
accommodate GB policy choices, and on GB's policy preferences for locational
wholesale pricing.?®

Combining Price Coupling with scheduling ICs based on (unconstrained) national
wholesale prices could lead to reliability risks under high constraint volumes.
Adaptations to the current countertrading arrangements would be required; the
feasibility depends on the willingness of European TSOs to accept such adaptations
(Key Finding #5). Further, Price Coupling is not feasible with an extended wholesale
GCT in GB (N1) when assuming GB would need to comply with the IEM Regulations
under Price Coupling (Key Finding #7).

Finally, implicit Status Quo arrangements (for GB-Irish ICs and NSL) would likely need
to be amended when moving away from (unconstrained) national wholesale prices
to schedule ICs, with a fallback option being a return to explicit auctions for those
ICs (Key Finding #86).

% MRLVC under zonal pricing would work in a broadly similar way to MRLVC under national pricing. The main

difference is that the power exchanges would need to submit GB order books on a zonal rather than
national basis to the MRLVC algorithm. We envisage the most robust option would be to submit the order
books of all GB zones to the MRLVC operator. This would render MRLVC more computationally burdensome

compared to MRLVC under national pricing. However, by doing so (and not, for example, only submitting

the order books of GB zones that are directly connected to an overseas European market) the impact on

the effectiveness of MRLVC from having zonal pricing in place in GB, rather than national pricing, is

expected to be limited.
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Figure 1: Summary of the feasibility and efficiency of all combinations of cross-border arrangements and evaluated

market designs.
Source: FTI Consulting
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Introduction

1L Cross-border interconnectors (“ICs”), whether point-to-point, multi-purpose or non-
standard?, play a key role in Great Britain’s (“GB") electricity market, offering system
flexibility and supporting security of supply, affordability, and decarbonisation. As
more ICs are built — with capacity growing from the current 10.3 GW of IC capacity?,
to potentially up to 23.7 GW by 203528 - the role that the cross-border markets play
in GB's system will increase.

12.  The direction of the scheduled flows on ICs is determined by the wholesale price
differentials between connected markets, with energy generally flowing towards the
higher priced market (while reflecting transmission losses). Currently, GB ICs are
increasingly required to be redispatched close to real time (“RT”) due to wholesale
prices not reflecting GB system needs. One of the Review of Electricity Market
Arrangement (“REMA”) reforms under consideration, the move to a zonal wholesale
market, aims at improving these wholesale price signals so they better reflect the
operational needs of the GB system. In parallel, the review of scheduling and dispatch
arrangements under REMA considers various design options that could alter the
interactions between cross-border markets and wholesale markets at different
timeframes. Indeed, National Energy System Operator (“NESO”) has found that there
is a case for change to the current market design.?®

% |n this report the term ‘interconnectors’ (“IC") is used to describe primarily point-to-point ICs. The
implications of offshore hybrid assets (“OHAs") (e.g. Non-standard Interconnectors (“NSlIs”) and
Multi-purpose Interconnectors (“MPIs”))) are separately examined in Chapter 7.

7 Greenlink (500 MW) is included which is expected to be in operation in early 2025.
28 Future energy scenarios (“FES”) 24 data workbook, ES.19.
2 GB scheduling and dispatch — A case for change (link).
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1.3.

1.4.

In this context, NESO has commissioned FTI Consulting (“FTI”) to qualitatively evaluate
the impact of potential reforms of the wholesale scheduling approach and locational
granularity on GB cross-border trading arrangements. Specifically, FTI has been
asked to examine how various cross-border trading arrangements could be
combined with the following four design options:*

o Self-scheduling with extended gate closure time (“GCT”) under national
wholesale pricing (“N1");

. Self-scheduling with zonal wholesale pricing (21”);
o Central scheduling with national wholesale pricing (“N3”); and
o Central scheduling with zonal wholesale pricing (“23").

These four market designs are overlayed with three different cross-border trading
arrangements (considering each in turn), which are:

o Status Quo cross-border trading arrangements;*'
. Multi-Region Loose Volume Coupling (“MRLVC"); and

. (Implicit) Price Coupling.

30

31

There are other potential designs, where national/zonal pricing is combined with central
scheduling with a hybrid scheduling approach. NESO refers to these as N2/Z2. In the hybrid design,
after ICs are scheduled based on national or zonal GB wholesale prices, the system operator (“SO”)
would run a Security Constrained Economic Dispatch (“SCED”) model to account for network
constraints in the scheduling process. The objective of the SCED optimisation would be to minimise
the cost of assets (excluding ICs) for deviating from their schedules. IC schedules would be
considered firm. FTI Consulting was not asked to cover the N2/Z2 designs, but when analysing the
central scheduling market designs (N3/z3) we consider the case when ICs are scheduled based
on unconstrained national/zonal prices, while all other assets are scheduled based on shadow
nodal prices. Such approach resembles the N2/Z2 designs.

Including explicit trading arrangements on all ICs except for Price Coupling on: (i) the North Sea
Link (“NSL”) in the day-ahead (“DA") timeframe; and (ii) the ICs connecting GB with the Integrated
Single Electricity Market (“I-SEM) (“GB-Irish ICs”) in the intraday (“ID”) timeframe.
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1.5.

1.6.

The report is started by mapping the functioning of the three cross-border trading
arrangements on the current market design, e.g., self-scheduling with national
wholesale pricing and GCT of 1 hour (“NO"). Then each of the four of the market
designs described above (N1, N3, Z1 and Z3) are considered in turn and it is described
how different cross-border trading arrangements could be combined with these
designs. How other market reforms could affect the evaluation is also evaluated. In
performing the analysis, FTI examines the extent to which the different
combinations of market designs and cross-border trading arrangements are
feasible (potentially with adaptations) and their potential advantages and
disadvantages from consumer, societal and IC owner perspectives.

This chapter consists of four sections, which are:

o Introduction of the key terms that are used throughout the report;

o Description of the key concepts and definitions relating to scheduled flows on
ICs and an overview of the three considered cross-border trading
arrangements;

o Overview of the specific market reforms that may interact with potential

changes to cross-border trading arrangements; and

o Summary of the key findings on the combinations of cross-border trading
arrangements and market designs, including how additional market reforms
could interact with the considered market designs and cross-border trading
arrangements.

Key terms related to the scheduling of IC flows

1.7.

1.8.

In this section, key terms that are used throughout this report are defined:
“commercial utilisation”, “commercial price differences”, “intuitive IC flows”,
“counterintuitive IC flows”, “commercially under-utilised”, “GB-system-optimal IC
flows”, “shadow nodal prices”, “IC scheduling prices” and “unconstrained prices”.

The commercial utilisation of an IC is determined by the extent to which ICs are
scheduled to flow at maximum capacity in the direction indicated by wholesale price
differentials of the two interconnected markets (“commercial price difference”).
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1.9.

1.10.

L1

1.12.

IC flows are described as “intuitive” when they are scheduled from the region with
the lower wholesale price towards the region with the higher wholesale price, while
accounting for transmission losses.* “Counterintuitive” IC flows are defined as flows
where the scheduled direction goes against the commercial price differential.

An IC is considered “commercially under-utilised” if it is either: (i) scheduled
intuitively but with an IC flow lower than the maximum possible capacity (after
accounting for transmission losses); or (ii) scheduled counterintuitively.

As wholesale prices are determined at national or price zone * level, in some
instances the wholesale price is unable to reflect the true marginal value of energy
at the IC landing point, e.g. the value of energy considering of transmission
constraints within the national wholesale market or price zone. When GB wholesale
prices diverge substantially from the true marginal value of energy at the IC landing
point, intuitive IC flows may not be “GB-system-optimal’. This means that the
scheduling of the IC (even if intuitive) can increase the volume of required redispatch
actions and therefore potentially lead to higher system costs, compared to when the
IC would have been scheduled in line with overall GB system needs.

The closer GB wholesale prices are to the true marginal value of energy at the IC
landing point in GB, the more the scheduled IC flows are GB-system-optimal, e.g. IC
schedules are in line with GB system needs.

%2 The EU Joint Allocation Office (“JAO”) defines intuitive flows as “flows that are enforced to go from
higher price areas to lower ones”. See ‘Explanation of the difference between the flow-based plain

and flow-based intuitive market coupling approach’, JAO, 2020 (link).

33

Price zones are often also referred to as bidding zones, i.e. the geographical area over which there

is one wholesale price determined per market time unit (“MTU”). Throughout the report we use the

two terms interchangeably.
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1.13.

An alternative to IC scheduling based on commercial price differences is the
scheduling of ICs based on the differences between the true marginal value of
energy (“shadow nodal prices”) at GB IC landing points and wholesale prices in the
connected market. This is explored for the market designs with central scheduling
(N3 and z3). In this case, the “IC scheduling prices” diverge from the commercial
prices the IC is exposed to. Scheduling ICs based on shadow nodal prices is
potentially possible under central scheduling because the schedule of assets is
determined by the central scheduling algorithm that considers transmission
limitations.®* The option to introduce central scheduling where ICs remain scheduled
based on an “unconstrained price” of electricity in GB is also examined, e.g. where
shadow nodal prices are used to determine the schedule for all assets except ICs. In
that case ICs are scheduled using a would-be national (or zonal) wholesale
electricity prices that do not reflect intra-GB (or intra-zonal) transmission
constraints.

Cross-border trading arrangements

1.14.

1.15.

Cross-border trading arrangements vary depending on the level of market
integration between the connected countries. As illustrated in Figure 1-1 below, three
main categories of cross-border arrangements are differentiated which differ
depending on the level of market integration: (i) Explicit auctions; (i) Volume
Coupling; and (iii) Price Coupling. Both Volume Coupling and Price Coupling are
forms of implicit cross-border trading arrangements.

Implicit auction arrangements

No market Full market
integration integration

Explicit auctions Volume coupling Price coupling

Figure 1-1: Range of cross-border arrangements

Source: FTI Consulting

In the following paragraphs the main characteristics of these types of cross-border
trading arrangements are described, as they have been implemented or considered
in the European context.

34 Shadow nodal prices are an output of a central scheduling algorithm but not used for commercial

settlement under a national (N3) or zonal (z3) market design.
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1.16.

1.17.

1.18.

1.19.

1.20.

The main feature of explicit auctions is that physical transmission capacity is
auctioned separately from power. Market participants who buy IC capacity also,
separately, bid into the connected power markets, to obtain the necessary energy
positions. Subsequently, IC capacity holders declare to the relevant SOs the intended
volume and direction of flows on the IC (“flow nomination”), thereby using their IC
capacity that they procured previously.

The timeframe of the IC capacity auction is driven by the relevant rules in both
markets, agreements between countries and the owner of the IC asset, but canrange
from forward markets several years ahead to intraday markets (“IDMs”) taking place
only a few hours before the wholesale GCT.%®

To ensure efficient use of the IC assets, the IC capacity rights can be prescribed by
regulators to be Use-It-Or-Sell-It (“UIOSI”), meaning that capacity bought on earlier
auctions (e.g., forward) but not nominated before the relevant auction is reauctioned
later (e.g. day-ahead).® Alternatively, IC capacity may be subject to Use-It-Or-Lose-
It (“uloLl) rules (e.g. IC capacity procured via DA auctions but subsequently not
nominated would be ‘lost’ to the buyer).

Whether IC flows are intuitive under explicit trading will be driven by the accuracy of
forecast of wholesale prices in the relevant wholesale markets by IC capacity holders.
If the direction of the price difference forecasted by the IC capacity holders does not
match the realised wholesale price difference, the IC could be commercially under-
utilised (scheduled intuitively but with an IC flow lower than the maximum possible
capacity or scheduled to flow in the counterintuitive direction).

Under Volume Coupling, the volume and direction of flows between connected
markets are determined before wholesale prices are determined. Market

participants only submit bids to buy and sell power in the wholesale markets of the
two connected markets and there is no explicit auction for IC capacity (and hence
no need to ‘nominate’ IC capacity by market participants).

% “Explicit and implicit capacity auction’, NordPool (link).

% The main rationale behind UIOLI/UIOSI conditions is to prevent larger market players from hoarding

IC capacity rights which would negatively impact competition. Under UIOLI, IC capacity holders

who purchase physical transmission rights (“PTRs”), but do not nominate flows lose their capacity
rights and receive no compensation. Under UIOSI, IC capacity that was not nominated is

automatically reauctioned and the IC capacity holders receive the clearing price for their IC

capacity rights, making UIOSI PTRs similar to financial transmission rights (“FTRs”). Source: ‘What
does the term UIOSI/UIOLI means and how can | calculate it?, JAO (link).
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1.21.

1.22.

1.23.

1.24.

Market operators active in the connected markets first aggregate all order books
containing wholesale market bids and offers for each relevant market. That
information is forwarded to the operator of a central volume coupling algorithm
alongside other necessary technical data. The volume coupling algorithm
determines the shadow wholesale prices in the two coupled markets, which in turn
determines the volume and direction of scheduled flows on the ICs. The shadow
wholesale prices determined by the volume coupling algorithm are solely used to
determine the volume and direction of the scheduled flows and are not used to
determine wholesale electricity prices in the two markets.

Volume Coupling covers a wider range of arrangements which vary depending on
the coordination and the level of data shared between the market operators. Loose
Volume Coupling refers to arrangements where coordination and data exchange is
more limited, while tight Volume Coupling describes arrangements with closer
integration.?’” Loose Volume Coupling will lead to lower quality outputs (which could,
for example, mean a greater likelihood of counterintuitively scheduled IC flows)
compared to tight Volume Coupling.®® There is no well-defined distinction between
the two arrangements though; rather, they exist on a continuous spectrum.

The extent to which IC flows are scheduled intuitively under Volume Coupling
depends on how closely the shadow prices forecast by the volume coupling
algorithm match the (subsequent) wholesale prices determined in the two markets.
However, commercial under-utilisation of ICs can occur even under tight Volume
Coupling.®

Under Price Coupling, flows between markets are determined simultaneously with

wholesale electricity prices. Market participants submit bids to buy and sell power in
the two connected wholesale markets and there is no explicit auction for IC capacity
(and also no need to ‘nominate’ IC capacity). Market operators in each market
collate these bids into order books, which are fed into a central price clearing
algorithm operated by market coupling operator (“MCO”), which simultaneously
determines both the wholesale prices in all connected markets and the flows
between markets.*°

¥ ‘Market coupling’, TenneT (link).

® ‘Market coupling’, TenneT (link).

39 ‘Cost Benefit Analysis of MRLVC', CEPA, April 2021 (link).

40 ‘Price Coupling of Regions (PCR)’, Nord Pool, (link).
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1.25.  Price Coupling ensures that ICs flow in an intuitive manner and are commercially fully
utilised in the direction dictated by the wholesale price difference, with commercially
under-utilised or counterintuitive flows only taking place due to balancing actions or
technical limitations (e.g, ramp rates). 442

1.26. Inthisreport, FTI has been asked to assess three types of cross-border arrangements
between GB and other European countries* and how they could work under different
GB wholesale electricity market designs. The cross-border arrangements FTI
considered in this report are:

o Status Quo: The current arrangements on GB ICs to Europe, which include: (i)
explicit auctions on Interconnexion France-Angleterre ("IFA"), IFA2, Eleclink,
Nemo Link, Viking Link and BritNed (“Northwest Europe (“NWE”) ICs"); and (ii)
Price Coupling for NSL connecting to GB with Norway and the GB-lIrish ICs, the
East-West Interconnector (“EWIC”) and Moyle connecting GB with the I-SEM.

o MRLVC: This is a form of Volume Coupling, which was set out in the Trade and
Cooperation Agreement (“TCA”) between the United Kingdom (“UK”) and the
European Union (“EU”) as the basis for post-Brexit electricity trading between
GB and the EU at the DA timeframe. The exact implementation details of the
MRLVC mechanism are still under development. For the purposes of this
report, FTI has relied on NESO and EU Transmission System Operators’ (“TSOs")
joint view as of September 2024 on how the mechanism would function. All
GB-connected ICs are assumed to be included in the MRLVC.% MRLVC is
assumed to only be in place in the DA timeframe.

o Price Coupling: GB is assumed to be fully price-coupled with the Internal
Electricity Market (“IEM”) and effectively becomes part of Europe’s Single Day-
Ahead Coupling (“SDAC”) and, under GB market designs with an ID timeframe,
Europe’s Single Intraday Coupling (“SIDC”). All GB-connected ICs are
assumed to be price-coupled in both the DA and ID timeframe.

4 ‘Measuring inefficiency in international electricity trading’, Montoya et al., 2020 (link).

42 |ntentional counterintuitive flows are possible under Flow-Based Market Coupling (which does not
apply for the direct current (“DC”) ICs between GB and the connecting European market).

4 As discussed above, a wide range of cross-border trading arrangements is in principle possible,
but this report only focuses on three specific forms, agreed with NESO as the most relevant variants
for GB.

44 ‘Trade and Cooperation Agreement’, European Union, 2021 (link): Annex 4 (pdf page 1656).
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1.27. Table 1-1 below summarises the various combinations of cross-border and market
design arrangements that are examined in this report. For each combination, the
end-to-end process across the forward, DA, ID and post-gate closure timeframes
are discussed, and for any market design, commercial and practical challenges or
compatibility issues identified.

Table 1-1: Combinations of cross-border and market design arrangements
examined

Market N1 (self- | 71 (self- [ N3 (Central | Z3  (Centrall
design — scheduling scheduling scheduling scheduling
with national | with zonal | with national | with zondal
Cross-border ricin and | pricing) ricing) ricing)
arrangement | P g P 9 P 9 P 9
extended
GCT)
Status Quo
In this report, the forward, day-ahead, intraday and post-gate
MRLVC

closure timeframes are examined for each combination.

Price Coupling

Interactions with other market reforms

1.28. In this report, the interactions between cross-border arrangements and market
designs with the following relevant market reforms are discussed:

o Introduction of OHAs which are integrated projects that typically combine
offshore wind farms (“OWF”) and ICs“ to allow OWFs to directly connect to
multiple price zones. Potential interactions with the two designs for OHA
market arrangements currently under consideration in Europe and GB (Home
Markets (“HMs") and Offshore Bidding Zones (“OBZs")) are discussed;

o Potential market reforms in GB as part of the REMA and potential market
reforms in the EU, in particular: (i) shortening of settlement periods or MTUs;
(i) changes in wholesale GCTs; and (jii) bidding zone splits in the EU.

Summary of our analysis

1.29. In the remainder of this section, the analysis of the feasibility of the different cross-
border arrangements under each market design is summarised, as well as their
potential advantages and disadvantages from consumer, societal and IC owner
perspectives.

45 They may also integrate other assets, e.g., offshore sources of demand. In this report the simplest
forms of OHAs are considered which only include OWF and transmission assets.
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Design NI: Self-scheduling with extended gate closure time under national
wholesale pricing

1.30. Inthis sub-sectionitis discussed how each of the three types of cross-border trading
arrangement would work under the N1 market design - that is, if GB were to continue
with self-scheduling under national wholesale pricing but extended its wholesale
GCT beyond 1 hour. FTI assumes that the extension would, at most, be a few hours,
and therefore this design would only affect the ID and post-gate closure timeframes
but not the GB DA market (“DAM").

1.31.  Having an earlier wholesale GCT could potentially lead to lower GB system costs, as
it would provide more time for NESO to perform re-dispatch actions. However, market
participants would be required to close their contractual positions (and submit their
final physical notification ("FPN")) earlier than in the Status Quo market design (NO).
As such, there would also likely be larger and more frequent differences between the
contracted generation/demand and metered generation/demand due to forecast
errors. NESO would have to play a greater role in managing energy imbalances,
which in turn could lead to higher GB system costs. The overall impact of an extended
GCT on GB system costs would therefore depend on the balance of these two
countervailing effects and would need to be empirically tested.

1.32.  FTI finds that N1 can be made compatible with the Status Quo cross-border
arrangements in the ID timeframe if the explicit ID IC auctions on NWE ICs and
implicitly coupled ID auctions on the GB-Irish ICs are moved earlier to accommodate
the earlier wholesale GCT.%

1.33.  For explicitly traded ICs, the earlier GCT could negatively impact:

o The valuation of IC capacity rights: As shown in Figure 1-2 below, under NI
there is a longer time lag between the ID IC auction closure and the wholesale
GCT. Relative to NO, this could increase the difficulty for traders to form their
expectations of the value of ID IC rights (based on forecasts of the wholesale
prices). In addition, IC nominations in GB would need to take place earlier
relative to intraday cross zonal gate closure time (IDCzZGCT"), when there is
potentially less liquidity on the European side. This could make it more difficult
for market participants to forecast prices or find a counterparty to execute
trades with — both of which are risks that market participants would likely
price into their valuations, and;

46 Trading on NSL is not affected, as it is currently implicitly coupled in the DA timeframe.
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1.34.

1.35.

1.36.

o The commercial utilisation of ICs: There is a longer time lag between the end
of the nomination window in GB and the European wholesale GCT. This
increases the likelihood of the ID price differential changing over the period
and therefore the likelihood of under-utilised ICs or the scheduling of
counterintuitive flows.

«— Tlimelag between ID ICauction  |C guction IC nominations = GCT Delivery
closure and IDCZGCT closure window - IDCZGCT period
T\'rne. \ag.hetwe.en end of 1 hour
nominations window and | | __________________ _I | ________
IDCZGCT
-

N1 GCT 2-h

ID IC auction IC nominations ~ Delive
) BE GCT B DczGeT very
closure window period
1 hour 1 hour
ID IC auctions would be | | —————————————————— -I |' """" 'I """" |—|

moved earlier to
accommodate the N »

. —»

earlier GB GCT
Longer time lag between ID IC

Longer time lag between end of
nomination window and IDCZGCT

auction closure and IDCZGCT

Figure 1-2: Impact of N1 with 2h GCT: illustration of key changes

Source: FTI Consulting

For the implicitly traded GB-Irish ICs, the ID implicit auction would need to be moved
further away from I-SEM GCT to accommodate the earlier GB wholesale GCT. Market
participants will be able to trade in the I-SEM continuous ID market up to the current
GCT of 1-hour (in line with the IDCZGCT). Due to the longer time lag between the ID
implicit auction and the I-SEM wholesale GCT, this increases the likelihood of the ID
price differential changing over the period and could negatively impact the
commercial utilisation of the ICs.

Under NI, the change in GCT would mean that more of the IC rescheduling instructed
by NESO would likely move from pre-GB GCT to post-GB GCT. This would imply that
the need for (and role of) system operator to system operator (“SO-SO”) trades
increases at the expense of countertrading (at least the way it is currently organised).
NESO therefore would need to be able to: (i) start SO-SO trades before the GCT in the
connecting market and/or; (i) continue countertrading after the GB wholesale
market GCT. If there was limited willingness by European TSOs to adopt either of these
two options, the benefits case of an extended GCT in GB would be significantly
reduced.

There are no interactions between MRLVC and NI, as the MRLVC is a DA trading
solution and it is assumed that the extended wholesale GCT does not affect the GB
DAM.

Confidential 33



FTI Consulting Report for NESO

1. Introduction and report summary

1.37.

It is assumed that GB will need to comply with IEM regulations if it is Price Coupled
with the EU. [EM regulations currently require the IDCZGCT to be at most one hour
ahead of delivery, which will be shortened to no more than 30 minutes ahead of
delivery from 1 January 2026. This implies that it is not feasible to combine an
extended wholesale GCT in GB with Price Coupling.

Design ZI: Self-scheduling with zonal wholesale pricing

1.38.

1.39.

1.40.

In this sub-section, it is assessed how each type of cross-border trading
arrangement could work under the ZI market design, in which GB retains self-
scheduling but moves to zonal wholesale pricing.

All else being equal, zonal wholesale market pricing leads to more optimal
scheduling of ICs from a GB system perspective compared to NO. That is, the
scheduling of ICs under a zonal wholesale market design (regardless of the type of
cross-border trading arrangement) is expected to relieve rather than aggravate
internal congestion in GB to a greater extent than NO would have done. The extent to
which Z1indeed schedules ICs more in line with the GB system needs would be driven
by the extent to which the GB zones are aligned with the main transmission
boundaries of the system. Zonal pricing in GB could also impact wholesale prices and
constraint volumes in connected markets relative to when having national wholesale
pricing in place in GB.

Under the Status Quo cross-border trading arrangements, explicit cross-border
trading arrangements are compatible with Z1. However, to the extent that zonal
wholesale prices could (in some regions and in some periods) become more volatile,
compared to national wholesale prices, the valuation of IC capacity rights could be
affected. This could be either a positive impact (if the potentially increased volatility
led to wider price spreads between the GB IC zone (price zone in GB under Z1 or Z3
containing an IC’s landing point) and the connected European zone), or a negative
impact (if the potentially increased volatility discouraged trading). The balance of
these two impacts would need to be further assessed empirically.
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1.41.

1.42.

1.43.

1.44.

However, it is challenging to combine implicit cross-border trading arrangements for
the GB-Irish ICs with Z1. This is because there are multiple GB-Irish ICs that would likely
connect to different GB zones (e.g. Moyle to a zone in Scotland and EWIC to a zone at
the Wales/England border). The concurrent clearing of the I-SEM with several GB
zones via a GB-Irish coupling would (from time to time, though not necessarily
always) implicitly determine specific intra-GB cross-zonal flows. For example, the
clearing on GB-lIrish ICs could imply a particular flow pattern between Scotland and
Wales. This pattern may not represent the most efficient use of intra-GB cross-zonal
capacity (indeed, intra-GB transmission capacity should, under a zonal GB design,
be implicitly allocated via a separate process). This inefficiency is driven by two
separate market clearing processes that would take place in this design: (1) the intra-
GB zonal market coupling and (2) the GB-Irish market coupling. While there are
options for reserving capacity and other workarounds, the outcomes of having two
separate market clearing processes are highly likely to lead to an inefficient use of
intra-GB cross-zonal transmission capacity.

As currently there is only one IC between Norway and GB, this issue does not pose
itself for the implicit arrangements on NSL. However, the current implicit arrangement
is not future proof to new ICs to Norway that may connect to different zones in GB
and/or Norway than NSL.

If the existing implicit arrangements were not viable under this design, alternative
options may need to be considered. As a fallback option, the current cross-border
trading arrangements on the GB-lIrish ICs and NSL could be replaced by an explicit
arrangement. Everything else equal, replacing implicit cross-border arrangements
(for GB-Irish ICs and NSL) with an explicit cross-border trading arrangement would
likely result in an efficiency loss. This loss would need to be compared to the efficiency
gains of Z1 across all GB ICs (e.g. from scheduling all ICs on zonal prices rather than
on national GB wholesale prices). It appears to us that the efficiency gains of the
latter would likely outweigh the efficiency loss of the former, but this would need to
be examined further.

It is found that MRLVC under Z1 would work in a broadly similar way to NO. The main
difference is that the power exchanges (“PXs”) would need to submit GB order books
on a zonal rather than national basis to the MRLVC algorithm, which is a design
element that has not yet (as far as FTI is aware) been examined in the ongoing
discussions on the MRLVC design. Two options for the geographical coverage of the
order books are envisioned — order books can cover all GB zones (Option 1) or only
bidding zones in GB that contain IC landing points, so called GB bordering bidding
zones (“GB BBZs”) (Option 2). Our view is that Option 1is more robust. Although the
computational burden of Option 1is higher compared to Option 2, it is more future-
proof and would reduce the likelihood of commercially under-utilised ICs.

Confidential 35



FTI Consulting Report for NESO

1. Introduction and report summary

1.45.

Price Coupling is fully compatible with Z1. Compared to explicit cross-border
arrangements and MRLVC, there is no risk of ICs being commercially under-utilised.
Relative to NO/NI, Z1 is likely to be more computationally burdensome for EUPHEMIA.#?

Design N3: Central scheduling with national wholesale pricing

1.46.

1.47.

In this sub-section it is assessed how each type of cross-border trading arrangement
could work under the N3 market design, in which NESO centrally schedules assets
using GB shadow nodal prices that reflect system constraints but market participants
are compensated based on national unconstrained wholesale prices. Across all
cross-border trading arrangements, there are two potential options that NESO could
use to schedule ICs:

o Option 1: Based on the price difference between the GB shadow nodal price
at their landing point and the wholesale price in the connected market (which
is consistent with other GB resources under central scheduling). This would
likely require transfer payments to ‘make-whole’ ICs when they are
intentionally scheduled to flow counterintuitively to the commercial price
differential.

o Option 2: Based on the price difference between GB national unconstrained
wholesale price and the wholesale price in the connected market, which is
consistent with the Status Quo market design (NO) and how the IC capacity
holders currently earn congestion rents (but different from other GB resources
under central scheduling).

Other things being equal, Option 1 is preferable from a GB system perspective as it
ensures that IC flows are scheduled in alignment with GB system needs. However, the
costs of compensating ICs via ‘transfer payments’ would need to be empirically
assessed. Applying Option 2 is expected to result in a GB schedule that is suboptimal
from a GB system perspective, as GB assets would need to be nodally scheduled
around IC flows that are determined by the prevailing unconstrained national
wholesale prices. This could lead to additional costs and a potentially infeasible GB
schedule, therefore making the benefits case of moving to central scheduling
weaker.

47 "EUPHEMIA” is the market-clearing algorithm used in Europe to determine the prices and volumes
of electricity trades in the SDAC. Its primary objective is to maximise overall welfare of coupled

markets. ‘Price Coupling of Regions (PCR)’, NordPool (link).
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1.48.

1.49.

It is found that with suitable adaptations, the N3 market design can be made
compatible with Status Quo, MRLVC and/or Price Coupling, although significant
trade-offs arise under all three cross-border arrangement options.“® It is found
possible to schedule ICs using the unconstrained GB national price across all cross-

border trading arrangements, however as described above, this would likely result in
a more costly GB DA schedule and potentially would require to readjust IC schedules
after the GB DAM. This could significantly weaken the case for moving to central
scheduling.

It is found possible to schedule ICs using shadow nodal prices under explicit trading
arrangements, although various measures would need to be developed to maintain
appropriate incentives for IC capacity holders and limit their risk exposure. This would
likely be cumbersome to implement and could have potential unintended
consequences. To the knowledge of FTI, at the time of writing of the report, such
arrangement has not been implemented anywhere. In addition, several challenges
under N3 relative to NO are identified:

o Scheduling ICs based on shadow nodal prices in GB (and an expectation of
outturn European wholesale prices) would indirectly impact the prices in
connected markets. This could make it more difficult to forecast those
wholesale prices, and in turn negatively impact the extent to which IC
scheduling is optimal from a GB system perspective;

o EU policy makers would have to implicitly accept that the IC flows determined
by GB SCED are firm and independent of the outturn wholesale prices in the
relevant European bidding zones;

o A transfer payment mechanism would likely need to be developed to ensure
that IC capacity holders retain the appropriate incentives while bearing risks
that they can efficiently manage themselves. These transfer payments would
compensate IC capacity holders for the potential cost incurred when ICs are
intentionally counterintuitively scheduled by the central scheduling algorithm
and the potential foregone revenues due to that schedule;

48 Many of these inherent trade-offs and challenges could be mitigated by introducing a zonal

design (the Z1 and Z3 designs).
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o There are potentially increased risks for IC capacity holders under N3 relative
to NO, as they do not have access to an ID market to unwind positions in the
event of forecast error. This increased risk could lead to no market
participants would be willing to take a position opposite to the expected
commercial price differential, which would lead to a potential inefficiency in
the utilisation of the IC (at times when the scheduling price differential ends
up having the opposite sign of the anticipated commercial price differential).
This will likely have commercial impacts for IC owners (and may need to be
reflected in the transfer payment mechanism described above).

1.50. It is also possible to schedule ICs based on shadow nodal prices under MRLVC.

However, it is likely infeasible for the MRLVC algorithm to be able to accommodate
market participants’ technical details at the same time as including detailed GB
network information that would be needed to include the full shadow nodal aspect.
NESO would therefore need to simplify the information submitted to the GB DAM (e.g.
by creating net import/export curves for each IC) that would be, in turn, submitted to
the MRLVC operator. The MRLVC algorithm would then jointly clear the simplified
information with the EU Bordering Bidding Zones (“BBZ”) order books. Equally as under
explicit trading, a transfer payment mechanism for the IC owners would likely have
to be developed.

1.51.  There is a trade-off between the computational burden and the accuracy of the
(simplified) information fed into the MRLVC algorithm, which in turn affects the extent
to which ICs are scheduled in a GB system optimal manner under N3 MRLVC. The
balance between those two factors would need to be empirically tested.

1.562.  Scheduling ICs based on shadow nodal prices is not feasible under Price Coupling.
For there to be Price Coupling, the GB DAM and the (EU) SDAC would, by definition,
simultaneously clear within a single algorithm. This would mean the existing
EUPHEMIA algorithm would need to accommodate hundreds of additional GB nodes
in the market clearing process. This is not feasible in the short to medium term for
computational reasons. Moreover, GB would likely not be willing or able to provide the
required GB network information (physical parameters of all intra-GB transmission
lines) to the European MCO for security reasons. Even if it were technically possible to
integrate the EU+GB algorithm in the long term, it would require an overhaul of the
EUPHEMIA clearing algorithm and increase running times, which would require the EU
to accept and accommodate GB’s needs.
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1.53.

1.54.

Price Coupling would therefore currently only be possible if ICs were scheduled based
on the unconstrained GB national price under N3, which as explained above, would
result in a GB schedule that is suboptimal from a GB system perspective. These
arrangements would significantly weaken the benefits case of moving to central
scheduling (as ICs would continue to be scheduled on unconstrained national
wholesale price, e.g, frequently in a non-GB-system-optimal manner). If Price
Coupling is a priority, one potential alternative would be to introduce zonal pricing
(discussed under 71 and z3).

As scheduling ICs based on shadow nodal prices is feasible under explicit capacity
trading but not under Price Coupling, it follows that under N3 Status Quo, either (i)
different GB ICs would be scheduled based on different (and potentially conflicting)
GB price signals; (ii) all ICs would need to be scheduled based on unconstrained
national prices; or (iii) alternative cross-border trading arrangements would need to
be developed for NSL and GB-lIrish ICs, with a fallback option being explicit trading of
capacity.

Design Z3: Central scheduling with zonal wholesale pricing

1.55.

1.56.

1.57.

In this sub-section it is assessed how each type of cross-border trading arrangement
could work under the Z3 market design, in which GB moves to central scheduling and
zonal wholesale pricing.

Of all market design options examined in this report, implementing Z3 would require
the most change relative to NO as GB would need to move to central scheduling while
overlaying a zonal market design to determine the unconstrained GB schedule and
zonal prices.

Like N3, under each Z3 cross-border trading arrangement, NESO could either
schedule ICs based on the following options:

o Option 1: Based on the price difference between the GB shadow nodal price
at their landing point and the wholesale price in the connected market. Under
this option, the end-to end process for each cross-border arrangement
under Z3 would be virtually identical to that under N3. Compared to N3, the IC
transfer payments are expected to be lower under Z3 as scheduling price
differentials are more likely to be closer to commercial price differentials. This
is because unconstrained IC zonal prices (e.g., the wholesale prices in the GB
zones where ICs connect) are expected to be closer to the IC shadow nodal
prices (e.g., shadow nodal prices at the respective IC landing points in GB)
than GB unconstrained national wholesale prices are to the same IC shadow
nodal prices.
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1.58.

1.569.

1.60.

o Option 2: Based on the price difference between GB unconstrained zonal
wholesale price and the wholesale price in the connected market. This option
is more relevant under Z3 compared to under N3 because the downsides are
expected to be less severe relative to N3 (assuming that the zonal boundaries
align reasonably well with transmission bottlenecks). Under this option, the
end-to-end process of the market would be the same as N3, but the cross-
border arrangements would be more similar to Z1. In particular, scheduling
ICs based on unconstrained zonal prices would imply that there would be no
need for IC transfer payments (as the IC scheduling price differential would
be the same as the commercial price differential).

It is found that, similar to N3, it is feasible to schedule ICs based on shadow nodal
prices under Status Quo (explicit trading) and MRLVC, but not under Price Coupling.
The issues identified in N3 Status Quo (explicit trading) and N3 MRLVC, which arise
due to the divergence between the scheduling and commercial price differentials,
continue to apply to Z3. However, they are likely to be less significant as the IC
scheduling and commercial price differentials are more likely to be aligned under Z3.

Other things being equal, it is more efficient from a GB system perspective to
schedule ICs based on GB shadow nodal prices (Option 1) than the unconstrained GB
price (Option 2), but this would likely require transfer payments to ‘make-whole’ ICs.
Scheduling ICs based on unconstrained zonal prices would make cross-border
arrangements significantly simpler under explicit trading and MRLVC. Importantly,
scheduling ICs based on unconstrained zonal prices is feasible with Price Coupling
(making Z3 and Z1 the only identified options that can be combined with Price
Coupling without severe downsides).*

How the gains in simplifying cross-border arrangements when scheduling ICs based
on unconstrained zonal prices compare against the efficiency losses from not
scheduling ICs based on shadow nodal prices would need to be empirically tested.
Relative to 71, Z3 combined with ICs scheduled based on unconstrained zonal prices
would still allow for leveraging the potential benefits of central scheduling such as
earlier resolving of transmission constraints, potential for the co-optimisation of
energy and ancillary service scheduling and more transparency for NESO.

4° Price Coupling is also feasible under NO and N3 but unlikely to be attractive for efficiency reasons,
particularly due to the current situation in which a significant volume of scheduled IC flows

aggravates rather than relieves intra-GB congestion.
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1.61.

Under Z3 Status Quo, the continuation of the existing implicit trading arrangements
on NSL and GB-Irish ICs would be challenging. A fallback option would be to revert to
explicit trading arrangements. This statement holds regardless of whether ICs are
scheduled based on shadow nodal prices or unconstrained zonal prices. If ICs are
scheduled based on:

o Shadow nodal prices, a single entity would need to jointly define prices in GB
and the connecting zone and associated flows on the implicitly traded ICs,
which appears impracticable and raises security concerns (as discussed in
N3 in 91.52).

° Unconstrained zonal prices, challenges would arise for GB-Irish ICs and NSL
for the same reasons, and with the same implications, as under Z1 (see 11.41).

Interactions with other market reforms

1.62.

In this sub-section we discuss how the various cross-border arrangements and
market designs examined in this report interact with a selection of potential market
reforms set out in the previous section.

Offshore bidding zones

1.63.

1.64.

1.65.

1.66.

As long as the total number of OBZs remains relatively modest compared to the
number of GB and EU zones (such that there are no computational issues
incorporating them into the GB or EU markets), no material implications for the
feasibility of the various market designs and cross-border trading arrangements are
anticipated.

The valuation and commercial utilisation of explicitly allocated IC capacity would be
impacted by potential forecast errors by market participants. The likelihood of
forecast errors is expected to increase as the price formation in the OBZ is more
‘discrete’ relative to onshore zones. In addition, the OWF generation must be forecast
when calculating the IC capacity available for wholesale trade on the OHA.

Similarly, the commercial utilisation of ICs under MRLVC is impacted by the accuracy
of the information fed into the MRLVC algorithm. The likelihood of imperfect
information is higher with OHAs for similar reasons as set out above.

Considering the additional difficulties and complexities of combining OHAs with
explicit trading and MRLVC, it appears to us that as OHAs play a greater role in cross-
border trading, this would create additional incentives for GB to move to Price
Coupling. In turn, as discussed earlier, a zonal wholesale market design (Z1 or Z3) is
the only variant that can be combined with Price Coupling without significant
downsides.
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Other market reforms

1.67.  With regards to other market reforms examined in this report, it is found that:

o A shorter MTU would likely have implications for the computational intensity
of all cross-border trading arrangements. The additional computational
burden arising under a shorter MTU in the EU could also potentially interfere
with zonal GB pricing being computationally feasible under Price Coupling.

o A reduced GCT to 30 minutes in the EU is expected to create potential
complications with countertrading and SO-SO trades under explicit trading
arrangements and MRLVC. This could potentially lead to NESO having less
means to resolve intra-GB constraints. Under Price Coupling, to the extent that
GB is required to follow IEM regulations, this would imply that GB would also
need to reduce its GCT. This would imply NESO would have less time to resolve
intra-GB constraints. Thus, across all cross-border arrangements, a shorter
GCT in the EU may lead to more difficulties for NESO to resolve intra-GB
constraints. As such, it is considered that this reform is more compatible with
market designs with lower constraint volumes, such a zonal market design
(21, 23) and the N3 market design where ICs are scheduled based on shadow
nodal pricing.

o Bidding zone splits on the EU side could potentially lead to more volatile
wholesale prices in the smaller price zones. This could increase the likelihood
of forecast errors, which would likely have a negative impact on the
commercial utilisation and valuation of explicitly traded IC capacity. With
more EU bidding zones in place, more data would also need to be shared with
the MRLVC algorithm (regardless of the GB market design). Depending on the
way European bidding zones are reconfigured, this could impact the
computational complexity and/or the effectiveness of MRLVC.5° Given this,
similar to OHAs (albeit to a lesser extent), bidding zones splits on the EU side
would create greater incentives for GB to move to Price Coupling which, in its
turn, creates greater incentives to adopt a market design that reduces
constraint volumes, such as a zonal market design.

50 Splitting European bidding zones could lead to having more EU BBZs, i.e. European bidding zones
that are connected to GB, which could lead to: (i) more EU-BBZ to EU-BBZ borders that would need
to be optimised in the MRLVC algorithm; and/or (ii) more borders between EU BBZs and other EU
bidding zones that are not connected with GB, for which the flows would have to be forecasted.
The former would increase the computational complexity of the MRLVC algorithm, while the latter
would likely negatively impact the effectiveness of MRLVC. At the same time, the size of the order
books submitted to the MRLVC algorithm could become smaller, which would reduce the
computational complexity of the MRLVC algorithm (e.g. if Germany were to be split into multiple
zones, only the order books of the German Northern zone(s) would likely need to be submitted to
the MRLVC algorithm rather than the entire German order book).
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2. NO: Self-scheduling with national wholesale pricing

In this chapter, we set out how each of type of cross-border trading arrangement
(Status Quo, MRLVC and Price Coupling) would work under national market design
with self-scheduling (NO), which is currently in place in GB. We start this chapter
with a section where we introduce the key market design assumptions under NO.

Key market design assumptions

21.  The key market design features under the NO market design are as follows:

o Market participants self-schedule and bidding is portfolio-based. In practice,
this means that market participants can directly substitute resources located
across GB to comply with their contractual positions;

o Bidding formats are simple and block bids that are technology-agnostic;
o Market participants have firm access to the transmission network;
o Forward energy contracts are settled based on the national wholesale price.

Over-the Counter (“OTC") trading is possible as well across GB;

. The GB DAM: (i) clears prior to the SDAC under the current status quo
arrangement; (i) would run alongside the SDAC under MRLVC; and, (iii) be
part of the SDAC and therefore clear simultaneously under Price Coupling;

o Under NO, the GB DAM is organised by two PXs, the European Power Exchange
(“EPEX”) and Nord Pool Exchange (“N2EX”), who each perform their separate
market clearing, leading to two GB DAM prices per MTU. Under MRLVC, the
same arrangements are assumed to be kept in place. Under Price Coupling,
the GB DAM clearing would effectively be integrated into the SDAC and SIDC,
and the market clearing algorithm (e.g. EUPHEMIA) will be operated by the
European MCO, which is a cooperation of PXs and EU Nominated Electricity
Market Operators (“NEMOs”). This would be akin to the current arrangements
in the SDAC and SIDC, where PXs feed in bids from market participants into
the central clearing algorithm and are responsible for the settlement.

o The wholesale market GCT, e.g. the moment up to which trading in the IDM is
possible and market parties must commmunicate their FPN to NESO, is one hour
before RT. NESO uses the Balancing Mechanism (“BM”) to balance the GB
market in RT (e.g. for the 1 hour between the GCT and RT). The settlement
period used to calculate imbalance charges® (“cash-outs”) is 30 minutes.

5 These are the charges paid by Balancing and Settlement Code (“BSC”) Parties when being
imbalanced, i.e. for (portfolio-level) deviations between their contractual positions and metered
generation/consumption.
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NO Status Quo

22. Currently, there are three categories of cross-border trading arrangements for
existing GB ICs connecting to:

o Norway: The GB DAM is implicitly price-coupled with Price Zone 2 in Norway
("NO2") via NSL;52

o Ireland: The I-SEM is implicitly price-coupled with GB at the ID stage under two
intraday auctions (“IDAs") via the GB-Irish ICs, i.e. Moyle and EWIC;53 and

o NWE ICs run a combination of DA and ID explicit auctions prior to the GB DAM
or ID wholesale market for their IC capacity. Auction timings differ across
individual ICs.?*

23. In the following sections we describe the cross-border trading arrangements for GB
ICs in chronological order, starting from forward markets, through DA, ID to post-GCT.
Where relevant we refer to the three categories of GBICs, e.g. the NSL, the GB-Irish ICs,
and the NWE ICs, as their respective arrangements differ.

24. We have only considered the cross-border arrangements for GB ICs that are
currently operational in this report. We assume that the arrangements for GB ICs that
are currently under construction will fall under one of the three categories described
above.’® We have not considered how the Celtic IC (between Ireland and France)
would, when commissioned, couple the |-SEM and the EU IEM, which could potentially
affect the Status Quo arrangements.

Forward market

2.5. European TSOs perform forward calculations of capacities between bidding zones
for the year and month-ahead market timeframes to determine the optimal amount
of long-term cross-zonal capacity for allocation of long-term transmission rights
(“LTTRs").5

52 ‘Trial operation at NSL starts on 1 October’, Statnett, 2021 (link)
53 ‘|ntraday Auctions Market’, SEMOpx (link).
5 Timings for BritNed, IFA, IFA2 and Nemo Link shown at: ‘GB Market Post-Brexit’, EPEX SPOT (link).

% The access rules for the Greenlink IC, for example, are the same as the Irish ICs. ‘Access Rules and
Charging Methodology for the Greenlink IC’, Ofgem, 2024 (link).

% The calculation of available capacity on High Voltage Direct Current (*HVDC”) links is
straightforward as HVDC lines are controllable. Capacity calculation for cross-zonal High Voltage

Confidential 45


https://www.statnett.no/en/for-stakeholders-in-the-power-industry/news-for-the-power-industry/trial-operation-at-nsl-starts-on-1-october/
https://www.semopx.com/markets/intraday-market/
https://www.epexspot.com/en/gb-market-post-brexit
https://www.ofgem.gov.uk/sites/default/files/2024-07/GIL_Access_Rules_and_Charging_Methodology_V2.0_May_2024.pdf

FTI

Consulting Report for NESO

2. NO: Self-scheduling with national wholesale pricing

26.

27.

2.8.

2.9.

GB and European market participants can then place bids in the LTTRs auctions
organised through either the JAO, which acts as the Single Allocation Platform in
Europe or through the IC’s own platform. These platforms publish the prices for the
capacity of LTTRs offered in the auction. IFA, IFA2, ElecLink, Nemo Link, and Viking Link
currently participate in JAO forward auctions and offer capacity for various market
timeframes (e.g. year-ahead (“YA”), month-ahead). ¥ BritNed offers capacity
through its own platform ‘Empire’,?® while NSL and the GB-Irish ICs do not currently
offer these products.*®

LTTRs can be PTRs®? or FTRs,® and enable market participants to hedge their positions
across electricity price zones. Currently PTRs with UIOSI provision are in place for the
NWE ICs.52

Market participants and IC capacity holders (though not IC owners themselves) can
also trade bilaterally in the forward market.

The forward arrangements under NO Status Quo are summarised in Figure 2-1 below.

57

58

59

60

61

62

Co

Alternating Current (“HVAC”) lines is more complex. In that case, European TSOs' long-term
scenarios and grid models currently use the Coordinated Net Transmission Capacity (“CNTC”)
approach. ‘Forward calculation of capacities between bidding zones’, ACER (European Union
Agency for the Cooperation of Energy Regulators) (link). ‘Explanatory Note of the common long
term capacity calculation methodology for SEE Capacity Calculation Region (“CCR™), ACER, 2019
(link).

‘Auctions’, JAO (link).
‘Empire - Trading and Nomination Platform’, BritNed (link).

In principle, NSL and GB-lIrish ICs could also participate but currently no LTTRs are offered for those
ICs (see also Footnote 62).

PTRs entitle the holder to physically transmit a specified amount of electricity on the IC. PTRs that
are purchased but non-nominated are automatically made available for DA capacity allocation
(ulosl principle). In that sense, non-nominated PTRs turn into FTRs.

FTRs do not involve the physical delivery of electricity. Instead, they entitle the holder to receive or
pay the price difference between two market zones (e.g. between two countries or regions).

For implicitly coupled ICs (e.g. the current arrangement for NSL and the GB-Irish ICs), in case LTTRs
were to be offered in the form of FTRs, there would be no impact on how much IC capacity can be
implicitly allocated on the respective ICs. In case PTRs were to be offered, the volume of nominated
PTRs would need to be considered when calculating the available IC capacity that can be implicitly
allocated on the respective ICs.
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Day ahead market

210. Post-Brexit, GBis no longer part of IEM and does not participate in the SDAC in Europe,
which price-couples wholesale electricity markets and allocates cross-border
transmission capacity between different regions using the EUPHEMIA algorithm.
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21

212.

213.

Instead, IC capacity for the NWE ICs is explicitly traded on separate DA auctions,
which take place before GB's DAM (run by the EPEX and N2EX)%® and before the SDAC.
After IC capacity holders and other market participants establish their positions on
the GB DAM and SDAC, the holders of PTRs then submit their flow nominations and
Initial Physical Notifications® (“IPNs”) to NESO and the European TSOs.

Since IC capacity holders secure capacity before trading electricity, their valuation
of the IC capacity will be determined by their forecast of the difference in wholesale
market prices of the connected regions. Inaccurate wholesale price forecasts can
lead to commercially under-utilised ICs, implying that the ICs are either: (i)
scheduled intuitively (e.g. flowing from a low-priced to a high-priced area) but with
an IC flow lower than the maximum possible capacity (after accounting for
transmission losses); or (ii) counterintuitively scheduled, i.e, scheduled to flow
against the commercial price differential.

The sequence of events is summarised in Figure 2-2 below.

6 EPEX runs a GB DAM auction with a GCT at 09:20 D-1and 60 min products. Subsequently EPEX also
runs a DAM auction with a GCT at 15:30 D-1 and 30-minute products. N2EX runs a DA auction with
the GCT at 09:50 D-1 with 60-min products. In the 60-min and 30-min auctions, market
participants trade electricity across hourly and half-hourly blocks respectively for delivery the

following day. There are currently two GB DAM prices, as these PXs do not jointly clear all orders,

but each perform their own market clearing. The Department for Energy Security and Net Zero
(“DESNZ”) is currently pursuing legislative action for N2EX and EPEX Spot to re-couple their DA

markets for cross-border trade (see: ‘GB Wholesale Electricity Market Arrangements’, DESNZ, 2023

(link)).

64 This is the market participant’s expected generation or demand for a Settlement Period. ‘The
Electricity Trading Arrangements A Beginner's Guide’, Elexon, 2019 (IiLk).
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214. We expand on the DAM auction run by N2EX, which impilicitly price-couples NO2 and
GB via NSL, as shown in Figure 2-3 below.®®* NSL is obligated to offer all technically
available IC capacity to the N2EX DA auction, which may subsequently be amended
by either NESO or Statnett to ensure system security (e.g. via countertrading or
imposing Net Transfer Capacity (“NTC”) limits). The implicit auction uses an
algorithm (conceptually similar to SDAC’s EUPHEMIA) to allocate NSL capacity jointly
with buy/sell orders for electricity trade (such that NSL's DA capacity is not directly
traded by market participants — hence it is ‘implicitly price-coupled’). The algorithm
simultaneously produces market prices for GB and NO2, as well as the volume of firm
flows on NSL for each hour of the next day.®® As N2EX and SDAC both include NO2,
there are two spot prices in NO2.57

65 ‘NSL Access Rules and Charging Methodology’, National Grid, 2021 (link). ‘Trial operation at NSL
starts on 1 October’, Statnett, 2021 (link).

8 ‘NSL Access Rules and Charging Methodology’, National Grid, 2021 (link). ‘Trial operation at NSL
starts on 1 October’, Statnett, 2021 (link).

67 ‘Trial operation at NSL starts on 1 October’, Statnett, 2021 (link).
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Intraday market

215. As summarised in Figure 2-4 below, there are various IDMs in Europe and GB:

o The SIDC in Europe comprises: (i) a continuous IDM #which uses the Cross-
Border Intraday Coupling (“XBID”) system to enable continuous cross-border
trading of electricity in Europe until one hour before delivery;®®and (ii) IDAs
that are run three times a day.”>”'The SIDC was initially launched in 2018 and
has since expanded to cover 25 European countries.”

o IC capacity on the NWE Europe ICs is explicitly traded in four ID capacity
auctions per IC, run by the JAO or the IC's own platform.”

o The GB IDM was not integrated into SIDC prior to Brexit (and, consequently, the
EU SIDC markets are not part of the Status Quo design).”* The GB continuous
IDM runs in parallel to the SIDC continuous IDM (albeit they have different
market opening times).”

o EPEX also operates two GB IDAs that are coupled with |-SEM via the GB-lIrish
ICs. The flows on the GB-lIrish ICs are determined implicitly.”

68

69

70

7

72

73

74

75

In continuous IDMS, traders continuously submit bids and offers to the order book until delivery.
When a bid matches an offer, the exchange clears the transaction through a contract between
parties. ‘Basics of the Power Market’, EPEX SPOT (link).

‘Single Intraday Coupling (SIDC),, European Network of Transmission System Operators
(“ENTSO-E") (link).

The IDAs were implemented to enable the pricing of ID cross-border capacities (which is not
possible in the continuous IDM) to reflect their value at a given time. ‘Intraday Auction — IDA’,
ENTSO-E (link).

The ID solution supports both explicit allocation (where approved by the respective National
Regulatory Authorities) and implicit continuous trading. ‘Confirmation of the go-live date for
Intraday Auctions on 13 June 2024, EPEX SPOT (link).

‘Single Intraday Coupling (SIDC)’, ENTSO-E (link).
ElecLink has only IDAs per day - ‘Auctions’, JAO (link). Therefore, overall, there are 22 separate IDAs.

XBID was being rolled-out at the time when GB left the EU, while the first wave of implementation
took place in June 2024. ‘Single Intraday Coupling (SIDC)’, ENTSO-E (link).

The GB continuous IDM opens at 00:00 (GMT) D-1(‘Trading Products’, EPEX SPOT, (link)). SIDC opens
at 14:00 Central European Time (“CET") D-1 for Nordics, Baltic, Poland, Netherlands and Belgium,
and 13:00 (CET) D-1 for Germany, France and Austria. ‘SIDC gate opening and closing times’,
NordPool, 2024 (link).
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216. Similar to the DA stage, after establishing their positions on the GB and EU IDAs, PTR
holders and other market participants update their flow nhominations and physical
notifications (“PNs”) to the European TSOs and NESO, which become final flow
nominations and FPNs at GCT.”

78 There are currently no ID trading arrangements in place for NSL. Statnett is currently considering
introducing IDAs for NSL. ‘NSL consultation’, Statnett, 2024 (link).

77 ‘The Electricity Trading Arrangements A Beginner's Guide’, Elexon, 2019 (link).
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2.17. Pre-GCT, NESO has the ability” to adjust IC flows through:

o Capacity restriction: NESO and European TSOs calculate and allocate cross-
border IC capacity to market parties, which may lead to a reduction in the allowed
NTC for the IC;”® and

o Countertrading: NESO conducts auctions with Registered Trading Partners, who
bid to provide capacity on ICs to meet requirements. Trades are not limited to only
ICs — NESO can also initiate trades with other parties (e.g. suppliers or
generators).8° As countertrading takes place in parallel with the IDM, measures
would need to be put in place to ensure that subsequent ID trades do not unwind
the countertrades.

Post-gate closure time

218. After GCT (currently set at one hour before delivery), no further trading in the

wholesale market is allowed, and NESO takes control of balancing the electricity
system via the BM. Similar arrangements are in place in Europe.

219. ICs currently do not participate in the BM. However, as shown in Figure 2-5 below,

NESO can adjust IC flows closer to RT through:

o SO-SO trades: These are trades between NESO and the relevant European TSO to
increase, decrease or reverse IC flows, and can be requested and rejected by
either SO.® The payment terms for SO-SO trades are governed by trilateral
agreements between NESO, the relevant European TSO and each relevant IC
owner, and depend on the market conditions at the time of dispatch.8?

o Emergency services: These take place under unforeseen circumstances where
NESO or European TSOs must adjust IC flows close to delivery.®3

78

79

80

81

82

83

EU TSOs also have an ability to adjust IC flows, but we do not focus on this aspect of market design
in this report.

‘Methodology for GB Commercial Arrangements relating to IC Capacity Calculation’, NESO, 2023
(link).

‘IC Trades — Procurement Framework’, NESO (link).
‘Operational Transparency Forum', NESO (link): slide 17.
‘System operator to system operator (SO to SO)’, NESO (link).

There are two forms: (i) emergency assistance, which can be requested by either SO if in an alert
or emergency state and can only be rejected by the assisting SO if it would otherwise cause their
system to enter into an emergency state; and (ii) emergency instruction, which is used to reduce
IC flows to OMW immediately if all other available actions to restore system security have been
exhausted. ‘ESO Operational Transparency Forum’, NESO (link).
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2.20. Under the current market design and cross-border trading arrangements, GB does

not participate in cross-border balancing platforms such as as Trans European
Replacement Reserves Exchange (“TERRE”), Manually Activated Reserves Initiative
(“MARI") and Platform for the International Coordination of Automated Frequency
Restoration and Stable System Operation (“PICASSO”) 8 (which are still under
development) due to Brexit. NESO has previously explored several high-level options
for cross-border balancing (“CBB”), which include:

(i) Establishing a GB CBB platform, which could run ahead or in parallel with the
BM and EU cross-border balancing platforms;

(ii) Indirect participation of GB in the EU balancing platforms. This would require
developing a technical interface to ensure that RT orders in GB are compatible
with the products traded on these platforms;&¢ and

(i)  Direct exchange of balancing products between NESO and European TSOs.

NO MRLVC

221. Assetoutinthe TCA between the UK and the EU, the post-Brexit trading of electricity

between GB and the EU at the DA timeframe is intended to be based on MRLVC.#’ This
is a volume coupling mechanism in which the volumes and direction of cross-border
flows are first jointly determined, while DA wholesale prices are set separately in the
EU and GB after flows have been determined. . As illustrated earlier in Figure 1-1, the
MRLVC sits on a spectrum between explicit market arrangements and (implicit) Price
Coupling. In this report, in agreement with NESO, we assume that when implemented,
the MRLVC would apply to all GB ICs (including NSL and the GB-lIrish ICs).

84

85

86

87

TERRE, MARI and PICASSO are platforms to manage and optimise the cross-border European
exchange of replacement reserves (“RR”), manual frequency restoration reserves (“mFRR”), and
automatic frequency restoration reserves (“aFRR”) respectively. The TERRE platform has been
operational since January 2020, and the MARI and PICASSO platforms came into operation in
December 2022. See ‘TERRE’ (link) ‘Manually Activated Reserves Initiative’ (link) and ‘PICASSO’ (link),
ENTSO-E.

‘Study on Cross-Border Balancing Market Design: Presentation to stakeholders’, FTI-CL Energy, 2023
(link).

This would not be unprecedented - Article 12(3)(d) of Commission Regulation (EU) 2017/2195 (link)
requires TSOs that use central scheduling to provide “information regarding how balancing energy
bids from specific products or from integrated scheduling process have been converted into
balancing energy bids from standard products”.

‘Trade and Cooperation Agreement’, European Union, 2021 (link): Annex 4 (pdf page 1656).
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222

In this section, consistent with the rest of the report, we describe the cross-border
arrangements under NO with MRLVC in chronological order. However, while the exact
implementation details of the MRLVC mechanism are still under development, we
note that the MRLVC is intended to be a DA trading solution, with limited (if ony) new
arrangements proposed under the TCA for other timeframes, and therefore we
assume that MRLVC is only implemented at the DA stage in this report.

Forward market

2.23.

As a DA trading solution, introducing the MRLVC would not have any impact on the
forward arrangements under NO Status Quo as described in 12.6, where ICs can
choose to participate in JAO forward auctions and offer capacity for various market
timeframes.®®

Day-Ahead market

2.24. As pointed out above, the exact implementation details of the MRLVC mechanism

are still under development. Figure 2-6 below illustrates the latest joint view of NESO
and the European TSOs (which has been communicated to DESNZ), as of September
2024, of how the mechanism would function. We describe the key design
assumptions in the following paragraphs.8®

88 Currently, only IFA, IFA2, ElecLink, Nemo Link, Viking Link and BritNed participate in these auctions. In
principle, NSL and the GB-Irish ICs could also participate.

8% We recognise that the development of the MRLVC mechanism is still underway, and this report

should not be interpreted as providing any views or recommendations as to the MRLVC final

design. This report simply presents working assumptions on the MRLVC design, in agreement with
NESO, to enable an assessment of the cross-border trading arrangements under different wider

market designs.
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Source: FTI Consulting

2.25. The core design assumption of the MRLVC design is that the Volume Coupling would
focus on the interface between GB and the BBZs e.g. the subset of EU zones covered
by the SDAC which are directly connected to GB. In the current setup, the relevant
BBZs would include: France, Belgium, Netherlands, the Western Denmark price zone
("DK1”), 1I-SEM and NO2. Separately, the power flows between the BBZ and other zones
covered by the SDAC (e.g. flows between France and Spain) would be forecasted
prior to the MRLVC, and such estimates would serve as inputs into the MRLVC process.
In the description below we therefore distinguish between: GB-BBZ flows (which are
the key output of the MRLVC process), BBZ-BBZ flows (which are an output of the
MRLVC, but then reoptimized in the SDAC)® and the BBZ-EU flows (the forecast of
which is an input into the MRLVC process).

% The MRLVC guidance document is not explicitly clear on how BBZ-BBZ flows are determined, but
we understand that this would be the case, as flows between BBZs would necessarily have to be
calculated to determine each BBZ's net position relative to the rest of the SDAC.
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Source: FTI Consulting
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2.26. As shown in Figure 2-7 above,” the MRLVC process is currently expected to run as
follows:*?

o BBZ-EU Flow Forecast (blue links in Figure 2-7): The TCA includes a restriction
that the MRLVC may only use the order book data from GB and the BBZs. The
MRLVC algorithm therefore requires a forecast of the net position of each BBZ
relative to the rest of the SDAC (the “BBZ-EU Flow Forecast”). The BBZ-EU Flow
Forecast is run prior to GB DAM and SDAC market closure, e.g. the point in time
up to which market participants can submit DA bids or offers.%

. Calculation of available GB-BBZ IC capacities (red links in Figure 2-7) and
BBZ-BBZ transmission capacities (green links in Figure 2-7): The available
IC capacity on GB to EU ICs for market participants is also determined by NESO
and the BBZ TSOs prior to DA market closure, and the lower IC capacity figure
calculated by either side will be made available to the market. The available
transmission capacity on the BBZ-BBZ border (and/or relevant transmission-
related parameters for those borders) needs to be as well calculated by the
relevant BBZ TSOs.

° Common Order Book submission: After the DAM closure, which takes place
simultaneously for the GB DAM and SDAC, the GB power market operators®
and NEMOs® combine the received orders in GB and the BBZs and submit the
Common Order Book® to the operator of the MRLVC algorithm (the entity
performing this function has not been defined, but could potentially be an
existing PX or a new entity).

o MRLVC algorithm: The algorithm then optimises GB-BBZ and BBZ-BBZ IC flows
based on the Common Order Book and taking the BBZ-EU Flow Forecast as an
exogenous input. The MRLVC algorithm implicitly computes ‘DA prices’ as well
(e.g. relative marginal values of electricity in relevant bidding zones, which
would underpin the determination of the relevant cross-border direction of
flows), but these are only "shadow" prices. The final DA prices are determined
later separately by the relevant PXs.

® The map illustrates the categorisation of borders based on existing price zones and ICs. The
commissioning of ICs on new borders or bidding zone splits could lead to the reclassification of
existing borders and the creation of new borders.

92 ‘Responses from the TSO group to the technical questions on MRLVC’, ENTSO-E, 2023 (link): Section
4.3.

% 1t is unclear what information, if any, about other zones is included in the MRLVC. For now, we
assume the MRLVC operator makes reasonable assumptions about expected flow patterns based
on anticipated market conditions, time of day, and other external factors, and that this information
would be reflected in the BBZ Flow Forecast described earlier.
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. Submission of firm flows to SDAC and GB DAM: For the GB-BBZ ICs, the (firm)
flows from the MRLVC calculation are converted into PTOs? and sent to the
GB power exchanges and EU NEMOs for validation. The PTOs are then
submitted to the GB DAM and SDAC respectively, which would take the firm
flows as inputs in their respective algorithms (e.g. “optimise around” the
MRLVC flows). BBZ-BBZ flows are not converted into PTOs and are reoptimised
in Price Coupling auctions closer to RT (e.g. SDAC, SIDC).

94

95

96

97

We assume that both N2EX and EPEX Spot continue to operate each their DAM clearing algorithm,
but note that this appears potentially duplicative. It is also not clear how the Price Taking Orders
("PTOs”) would be split between the two PXs. DESNZ is currently pursuing legislative action for N2EX
and EPEX Spot to re-couple their DAMs for cross-border trade (see: ‘GB Wholesale Electricity Market
Arrangements’, DESNZ, 2023 (link)).

EU NEMOs are the organisations that are mandated to run the DAM and IDMs. ‘About the All NEMO
Committee’, NEMO Committee (link).

There are currently two MRLVC design options under consideration: (i) Common Order Books, in
which final BBZ order books are input into the MRLVC; and (i) Preliminary Order Books, which uses
preliminary BBZ order books in the MRLVC calculation and market participants in the SDAC BBZs
are able to submit new orders or amend orders already submitted up until SDAC GCT. For the
purposes of this report, we assume that Common Order Book design would apply. ‘Cost Benefit
Analysis of MRLVC’, The EU and UK TSOs MRLVC group, 2021 (link): slides 8 and 10.

To guarantee that PTOs are cleared in the DA schedule PTOs for imports to GB represent additional
generators at the bottom of the merit order, who submit offers to the market at the lowest price
allowed by the market operator, while PTOs for exports from GB represent additional non-flexible
demand in the clearing algorithm priced at the value of lost load (“VolLL”).
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2.27. MRLVC is intended to achieve some of the trading efficiency benefits of Price
Coupling but requires significant information exchange between GB and Europe
(albeit less than that required under full implicit Price Coupling).?® Actual flows on ICs
may sometimes lead to a commercial under-utilisation of the ICs:*®®

o Imperfect information: The flows identified by the MRLVC algorithm are
optimised based on Common Order Book data and assumptions about
broader European supply, demand, and flows. However, determined flows
between GB and the BBZs will inevitably be inaccurate, particularly as only a
subset of EU zones are included in the MRLVC algorithm.'® This could be
improved by greater information sharing on the expected flows between BBZs
and the rest of EU,' and by running the BBZ-EU Flow Forecast as close as
possible to DAM closure such that the latest information is input into the
MRLVC algorithm;"2 and

. Computational complexity: Due to the size of the optimisation problem, the
algorithm used in the MRLVC algorithm might output slightly different results
than the algorithms used by the PX in GB and the SDAC even under the same
inputs. In that regard, the MRLVC computation time is estimated to be
between 13 to 42 min.' This would necessarily extend SDAC run times
compared to the current arrangements — as shown in Figure 2-6 above, after
SDAC market closure, the MRLVC algorithm must clear before it can be input
into EUPHEMIA for SDAC to clear. Although the EU is legally obligated under the
TCA to make some concessions to accommodate the implementation of the
MRLVC, such an extension may not be acceptable to the EU. It is not within the
scope of this report to design a feasible MRLVC, but we note that there is a
trade-off between accuracy and computation time, such that reaching the
shorter end of the time range may require accepting some reduction in
calculation quality that could on some occasions lead to flows against
commercial price differentials.

% Trading efficiency benefits are here defined as scheduling IC flows intuitively, e.g. in the same
sense as the commercial price difference. As discussed in the introduction, intuitive IC flows are
not always optimal from a GB system perspective.

% The coupling on the Kontek cable between Germany and Denmark, for example, was stopped after
ten days due to the high frequency of counterintuitive flows. ‘Cost Benefit Analysis of MRLVC’, The
EU and UK TSOs MRLVC group, 2021 (link): slide 103.

190 Enhancing the quality information feeding into the MRLVC process could lead to better outcomes:
e.g. improved forecasts of the BBZ flows (which, as discussed earlier, serve as an input into the
MRLVC) would lead to MRLVC flows that would be closer to the fully price coupled scenario.
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2.28. A consequence of implementing the MRLVC would be that the GB DAM clearing must
take place concurrently with SDAC. This would be a departure from the current status
quo arrangements, in which the GB DAM takes place slightly ahead of the SDAC.
European TSOs have also noted that the implementation of the MRLVC would also
require alignment of GB procedures with the EU — for example, timing of the
publication of results will need to be coordinated so that the different bidding zones
have access to the same information at the same time.'*

Intraday market

2.29. Potential post-Brexit ID trading arrangements have yet to be explored; given this, we
assume that there would be no MRLVC process in the ID timeframe, which would thus
be the same as that under NO Status Quo.

2.30. Price-coupled I-SEM and GB IDAs would work in the same way as described in NO
Status Quo. Price coupled IDAs on any other ICs could also be accommodated, if
these were introduced at a later stage.'®® For ICs covered under these arrangements,
flows from the MRLVC would be reoptimized under the relevant price-coupled
auctions.

231. For other ICs that are currently subject to an explicit cross-border trading
arrangement, the relevant ID IC auctions could remain in place. In addition, NESO
could use the processes described in NO to redispatch IC flows before GCT, such as
countertrading or NTC curtailment.

11 Another option would be to increase information sharing between GB and wider EU (e.g. expanding
beyond the BBZs), but for the purposes of this report, and given our understanding of the MRLVC
design, we assume that this is not a credible option.

192 if computational time were no issue, the BBZ Flow Forecast could also be run after DAM closure.
103 ‘Responses from the TSO group to the technical questions on MRLVC’, ENTSO-E, 2023 (link): page 2.
104 ‘Responses from the TSO group to the technical questions on MRLVC’, ENTSO-E, 2023 (link): page 3.

105 For example, Statnett and National Grid Ventures (“NGV”) are currently exploring the possibility of
establishing price-coupled IDAs between GB and NO2, once the current arrangements expire in
2026. 'Public consultation on new trading arrangements on the NSL interconnector.’, Statnett and
NGV, June 2024, (link).
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Post-gate closure time

2.32. Introducing MRLVC at the DA stage would not have any impact on the post-GCT
arrangements described in NO Status Quo. As per ID, no potential changes have been
suggested, so we presume the current arrangements, in which NESO takes control of
balancing through the BM and can adjust or reverse flows on ICs through SO-SO
trades and emergency services would continue.

NO Price Coupling

2.33. Below, we describe the scenario where GB is fully price-coupled with the IEM and
effectively becomes part of the SDAC and SIDC under the current market design (“NO
Price Coupling”). We assume that if Price Coupling were implemented, it would apply
to all GBICs.

Forward market

2.34. We assume that GB would participate in the forward market for cross-border
transmission rights the same way as other European countries. NESO, along with the
European TSOs, would perform forward calculations of capacities on the cross-
border ICs to determine the available amount of IC capacity for LTTR allocation.

2.35. Assuming that under Price Coupling, GB must follow the relevant EU Regulations
covering the IEM unless exemptions are granted, ICs would likely be required to offer
IC capacity in the forward timeframe per the Forward Capacity Allocation Guideline
(“FCA GL").% Further, as explained in 92.5-2.8:

o Market participants in GB and Europe would place bids in the auction for LTTRs
organised through the JAO107, which would then publish the price for the
capacity of LTTRs offered in the auction;

16 The FCA GL states in Art. 30(1) that: “TSOs on a bidding zone border shall issue long-term
transmission rights unless the competent regulatory authorities of the bidding zone border have
adopted coordinated decisions not to issue long-term transmission rights on the bidding zone
border. When adopting their decisions, the competent regulatory authorities of the bidding zone
border shall consult the regulatory authorities of the relevant capacity calculation region and take
due account of their opinions.” Further in Art. 30(3) it is stated that: “The decisions pursuant to
paragraphs 1 and 2 shall be based on an assessment, which shall identify whether the electricity
forward market provides sufficient hedging opportunities in the concerned bidding zones [..]".

197 The mandatory use of JAO applies only to long-term capacity sales. As stated in the FCA GL, short-
term sales of cross-zonal transmission capacity can be organised on other platforms.
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. LTTRs can be PTRs (with UIOSI provisions) or FTRs both of which would enable
market participants to hedge their positions between the GB and the SDAC
bidding zones;

o Market participants and IC capacity holders (though not IC owners
themselves) can also trade bilaterally in the forward market.

2.36. The forward arrangements under NO Price Coupling are summarised in Figure 2-8
below.
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Figure 2-8: Forward arrangements under NO Price Coupling

Source: FTI Consulting

Day-Ahead market

2.37. For there to be full implicit Price Coupling, GB would effectively need to become part
of SDAC such that the clearing of the GB DAM would be integrated into EUPHEMIA (that
is, akin to pre-Brexit arrangements) to simultaneously determine national and zonal
prices in Europe and GB, as well as the flows on all GB ICs.
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2.38. Ifthe GB DAM would be integrated into EUPHEMIA, we assume that the existing GB DAM
auctions (organised by EPEX and N2EX) would not take place and PXs would instead
feed their order books into SDAC.

2.39. As summarised below in Figure 2-9, this would result in a single auction at the DA
timeframe across Europe and GB.
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Figure 2-9: DA arrangements under NO Price Coupling
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2.40. For GBto become part of the SDAC, GB market design would need to comply with the
Guideline on Capacity Allocation and Congestion Management (“CACM GL”) unless
exemptions are granted. The CACM GL requires cross-zonal borders in the IEM to be
part of CCRs in which the relevant TSOs coordinate the calculation of transmission
capacity within a region (either using the NTC or flow-based approach).
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2.41.

2.42.

Before Brexit, GB ICs were part of two CCRs, both of which used the NTC methodology:
(i) the Channel CCR, which included all ICs between GB and mainland Europe; and
(ii) the Ireland-UK CCR (“IU CCR"), which covered ICs between GB and I-SEM.%8 The
Channel and IU CCRs no longer exist, but we assume that they would be reinstated if
GB were to be price coupled again with the IEM (albeit their composition would need
to be updated to reflect new IC capacity between GB, EU and |I-SEM commissioned
since Brexit).®® We also assume that the CCRs would retain the NTC methodology for
calculating capacity on the GB ICs."®

Following the conclusion of the SDAC auction, market participants that have
established positions on the GB market would submit their PNs to NESO. There is no
need for explicit flow nominations from IC capacity holders, as the flows are
determined implicitly as part of the EUPHEMIA algorithm.

Intraday market

243.

244,

As shown above in Figure 2-3 and described in 92.15, there are currently various IDMs
in the IEM and in GB, including a continuous IDM and several IDAs in each jurisdiction.
Price Coupling at the ID stage does not have any direct precedent from the pre-Brexit
arrangements — as explained in 912.15- since GB has never been part of the SIDC.

As shown below in Figure 2-10, we assume that under Price Coupling, all of the GB
IDMs (continuous and explicit auctions) would be integrated into (and hence be
replaced by) the SIDC IDAs and ID continuous market.

108 ‘Capacity Calculation Regions’, ENTSO-E (link).

199 For instance, Eleclink and Greenlink would both add to existing Channel and IU CCR capacity;
NeuConnect, NSL and Viking Link would all create new GB — EU bidding zone borders which would

need to be added to an existing or new CCR (such as Nemo Link; see ‘Approval of the amended

determination of Capacity Calculation Regions’, Ofgem, 2017 (link)).

"0 Currently there are multiple approaches to determine NTCs, but the target methodology described

in CACM GL is the flow-based methodology for regions with higher interdependent flows between
cross-zonal borders. As all ICs between GB and the EU (and Norway) are HVDC, flows on the
different ICs are not directly interdependent and the standard coordinated NTC approach would
suffice. The commissioning of new IC capacity between GB and Europe (also I-SEM and France)
since then is likely to necessitate updates to these regions. ‘Capacity Calculation Regions’, ENTSO-
E (link).
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245,

Further, we also assume that the I-SEM would be integrated into the SIDC in this
scenario, such that the currently price-coupled IDAs between GB and the I-SEM would
no longer be necessary. We consider this plausible, as the I-SEM could become part
of SIDC when Celtic IC becomes operational."
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Figure 2-10: ID arrangements under NO Price Coupling

Source: FTI Consulting

2.46. Similarly to the DA stage, the available NTC for the SIDC would be determined by NESO

and other TSOs who are part of the same CCR. After market participants establish
positions on the EU continuous market and IDAs, they submit their IPNs to the
European TSOs and NESO, which become FPNs at GCT."™ There is no longer a need for
flow nominations following any changes to the DA schedule, as these are determined
implicitly as part of the EUPHEMIA algorithm.

" ‘Strategic Markets Programme’, SEMO, 2024 (link).

"2 ‘The Electricity Trading Arrangements A Beginner's Guide’, Elexon, 2019 (link).
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247.

Pre-Brexit ID cross-border arrangements were explicit, which allowed for
countertrading with the connecting markets via IC capacity holders. If GB would also
join the SIDC, it is uncertain (both from legal and regulatory perspectives) whether
countertrading in the ID timeframe between GB and the connecting markets would
still be possible and how it could be implemented efficiently."*As countertrading
would take place in parallel with the SIDC, measures would need to be put in place
to ensure that subsequent SIDC trades do not unwind the countertrades.

Post-gate closure time

248.

2.49.

As shown in Figure 2-11, Price Coupling would have no impact on the post-GCT
arrangements. We assume that the current arrangements, in which NESO takes
control of balancing through the BM and can adjust or reverse flows on ICs through
SO-SO trades and emergency services (see 12.19) would not change.

We further assume that cross-border BMs would need to be developed to be
compatible with EU balancing platforms. As discussed in 92.20, NESO has previously
considered various options for this.

"3 Countertrading in the IDM currently in place between DKI and Germany (TenneT) (link, link).
However, it is unclear whether such arrangement would easily be replicated for GB and the

relevant connecting European market.
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3. NI: Self-scheduling with national wholesale pricing with an extended GCT

In the previous chapter, we explained how each type of cross-border trading
arrangement would work under NO (self-scheduling with national wholesale price
and 1-hour GCT). In this chapter, we discuss how this would be impacted by an
extension of wholesale GCT beyond 1 hour. We first describe more generally the
implications and rationale for an extended GCT, before discussing each type of
cross-border trading arrangement (Status Quo, MRLVC and Price Coupling) in
turn. We assume that the wholesale GCT would at most be extended by a few
hours (but not as long as, say, 24 hours), with the implication being that the
extended wholesale GCT would not impact the functioning of the GB DAM.
Therefore, when discussing the various cross-border arrangements we focus only
on the implications of the N1 market design in the ID and post-GCT timeframes.

General implications of and rationale for an extended gate closure
time

3.1. By moving the wholesale GCT further ahead of delivery, e.g. more than one hour,
market participants would be required to close their contractual positions (and
submit their FPN earlier than the Status Quo (NO). An earlier wholesale GCT would
have two major impacts:

o It will likely lead to larger and more frequent differences between the
contracted generotion/demond and metered generotion/demond. BSC
Parties would be able to adjust their positions via the IDMs, but this would not
be as close to delivery as under NO. Rather than leaving most generation and
load forecasting (and hence balancing supply and demand at GB-wide
level) to the market, NESO would take over a more significant part of that role
between the earlier GCT and delivery. The relative importance of NESO versus
the market in balancing supply and demand would be proportional to the
length of the extension of the GCT (with an earlier GCT giving a greater role to
NESO).

o It can give NESO the opportunity to initiate redispatching actions earlier
ahead of time, e.g. allowing units with longer ramping times to be used,
without running the risk that ID trades would unwind those instructed
redispatching actions.
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3.2

3.3.

While NESO forecasts generation and load for various purposes as well under NO (e.g.
reserve dimensioning, analysis to countertrade on ICs before the GCT etc.), with an
extended GCT the impacts of NESO's forecasts on the final dispatch would likely
increase. Concretely, by extending the wholesale GCT, the responsibility to adjust the
schedule close to delivery in response to changes in supply and demand conditions
is transferred from market participants to NESO. The extent to which this responsibility
is transferred, e.g. self-balancing is replaced by "central balancing’, depends on the
extent to which the GCT moves forward.

Transferring the responsibility to adjust schedules ahead of delivery from market
participants to NESO might lead to a system cost increase to manage energy
imbalances. One argument is that market parties, compared to NESO, would have
more information about the portfolio of assets and/or customers they manage and,
as such, would be able to provide better forecasts. Further, extending the GCT would
mean that portfolio-bidding is not allowed as close to delivery compared to under
NO. Some stakeholders argue that portfolio-bidding is beneficial over unit-based
bidding as not all technical parameters of thermal units can be accurately
represented in unit-based bidding formats." Another, potentially more controversial
argument, is that market parties would provide better forecasts because they have
stronger commercial incentives to improve forecasting. Market parties face the
volatile cash-out price when misforecasting and improvements in forecasting would
reduce the risk of exposure to imbalance charges. In contrast, NESO's objective in
performing forecasting would not be commercially driven, but rather driven by a
combination of security of supply and reputational concerns. This can potentially
lead to more conservative forecasts by NESO (compared to market participants) and
increased imbalances to manage closer to delivery. This would likely imply needing
costlier balancing actions compared to a situation where the imbalance was
resolved earlier. To the extent that there is merit in this argument, it suggests that
NESO would need to be exposed to adequate incentives to mitigate this concern.

"4 Unit-based bidding formats are in place for balancing mechanism units (“BMUs”) participating in
the post-GCT BM.
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3.4.

3.5.

3.6.

3.7.

On the other hand, NESO having the opportunity to start redispatching earlier might
lead to system cost savings. NESO would have access to a wider pool of resources to
resolve transmission constraints (e.g. units with a significant ramping and/or start-
up times) and might be able to better optimise the usage of batteries in the BM as
the optimisation horizon is longer. In addition, an extended GCT could allow NESO to
exploit more synergies between the rescheduling of assets to resolve energy
imbalances ahead of delivery (due to changes in supply/demand conditions) and
the need to resolve transmission constraints (resulting from the wholesale market
schedule at GCT).

The net impact of an extended GCT on GB system costs, reflecting the two factors
above, would need to be empirically tested. In particular, it would be important to
examine the trade-off between potentially better forecasting performance by
market parties and the lack of visibility over transmission constraints that these
market parties have, relative to NESO's potentially decreased forecasting
performance coupled with full visibility over transmission constraints and a wider
pool of resources to resolve transmission constraints.

With an extended wholesale GCT in place the nominations of IC capacity (under an
explicit arrangement) or the allocation of IC capacity (under an implicit
arrangement) likely also will have to occur earlier, e.g. at least at the same time as
the extended wholesale GCT or before. Moving the moment of the
nomination/allocation of IC capacity earlier will impact the extent to which the FPN
of the IC, indicating its schedule at the wholesale GCT, is different from the metered
flow on the IC in RT. Here we refer to the metered flow on the IC in RT as the physical
dispatch ("PD") of the IC.

Figure 3-1 below indicates a potential implementation of N1, with a wholesale GCT
occuring 4 hours before the start of the PD, versus the current design, with a GCT
occuring 1 hour before the start of the PD.
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Figure 3-1: lllustration of NO vs N1 with a 4-hour GCT

Source: FTI Consulting

3.8. Differences between the FPN and PD can occur due to three reasons:

o Unexpected failure (or tripping) of the IC which will result into imbalance
charges; or

o a change from the FPN instructed via the BM by NESO, for which there can be
again two main reasons:

— achange in the supply-demand energy balance at system-wide level due to
forecast errors or outages of BSC parties (“non-flagged actions”); or

— a need to reschedule the ICs to accommodate intra-GB transmission
constraints, which are not reflected under a national market design (“flagged

actions”).

o a change from the FPN instructed by the connected TSO.
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3.9.

3.10.

An extended GCT in GB could lead to an increased divergence between the FPN and
PD of ICs mostly driven by two factors: (i) an increased risk that the tripping of an IC
occurs after the GCT than before the GCT (though this is likely to be a minor effect);
and, (i) a potential increase in the need to reschedule ICs to resolve energy
imbalances™ (non-flagged actions).

Whether an extended wholesale GCT impacts the extent to which NESO would instruct
ICs to reschedule to resolve intra-GB transmission constraints (flagged actions) is
ambiguous. The total volume of transmission constraints is not expected to change
(on average) by moving the wholesale GCT to an earlier point in time." However, as
mentioned above, an earlier wholesale GCT allows NESO to potentially deploy more
cost-efficient redispatch to resolve transmission constraints. Hence, the total cost of
resolving transmission constraints could be lower. Whether NESO would rely more on
the rescheduling of ICs to resolve transmission constraints with an extended GCT
compared to the current GCT is uncertain and also depends on agreements with the
connecting TSOs.

N1 Status Quo

3.1

3.12.

In the following sections we describe the cross-border trading arrangements for GB
ICs for the IDM and the post-gate closure timeframe. Where relevant we refer to the
three categories of GB ICs, e.g. NSL, GB-Irish ICs, and NWE ICs, as their respective
arrangements differ.

We assume that capacity restrictions and countertrading would still be possible in
the ID timeframe as under NO. However, given that they would still take place before
GB wholesale GCT, they would become less important when extending the GB
wholesale GCT (compared to the current GCT). This is because with an extended GCT,
NESO would likely rely more on options to reschedule ICs after the GB GCT, rather than
choosing to take actions (such as capacity restrictions and/or countertrading) prior
to the GB GCT. As discussed in detail in the subsection covering the post-GCT
timeframe, relying on rescheduling IC after GCT would depend on the willingness of
the connected TSO to redispatch the IC and the actual cost of such actions
compared to the cost of countertrading.

"5 The energy imbalances are potentially higher under an extended GCT for reasons described earlier
in 93.3.

"6 Unless there was evidence that a different GCT would lead to systematic differences in wholesale

trading strategies.
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Intraday market

3.13. Anextended wholesale GCT can significantly impact the organisation of the ID cross-
border trading under the Status Quo arrangements. Concretely, we see two direct
impacts on the Status Quo cross-border trading arrangements:'”

° An increase in the time lag between: (i) the GCT of the explicit ID IC auctions
or implicit ID auction (for ICs between GB and I-SEM);" and, (i) the start of the
MTU that are covered by the respective auctions. Everything else being equal,
this would mean that potentially fewer MTUs can be covered by the ID IC
auctions.

o Anincrease in the time lag between: (i) the nomination GCT for the ID IC rights;
and, (i) the start of the relevant MTU. This is only relevant for the explicit ID
auctions for the NWE ICs.

314. In what follows, we provide an example based on the third ID IC auction (“ID3 IC
auction”) for BritNed. However, the general logic applies to all ID IC explicit auctions.
Where relevant we highlight where there would be different implications for the
implicit ID arrangement on the GB-Irish ICs.

3.15. For the BritNed ID3, orders can be submitted between 9:50-10:20 CET, covering the
MTUs from 12:00-16:00 CET (4 hourly MTUs), as shown in Figure 3-2 below. This means
that there is a 1h 40 min time lag between the ID3 auction closure time and the start
of the first MTU (shown as a green arrow in Figure 3-2). The time lag increases by an
hour for the subsequent MTUs (e.g. there is a 2h 40 min time lag for MTU 14, etc.).

7" We do not cover NSL as currently there are no ID arrangements in place for NSL.

"8 The two ID auctions that couple GB with the I-SEM start at 17:30 D-1 and 08:00 D and cover all MTUs
and 11:00-23:00, respectively (link).
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Figure 3-2: Key timings for the ID3 IC rights auction and delivery
periods for BritNed

Source: BritNed (link), FTI Analysis.

3.16. If the wholesale GCT was extended by, for example, one hour, this would increase the
time lag between ID3 closure time and the start of the first MTU to 2h 40 min. This
means that ID3 could now only cover the MTUs from 13:00 (2h 40min after the ID3
closure at 10:20) - that is, as shown in the figure below, MTU 13 can no longer be
covered by ID3. As illustrated in Figure 3-3 below, there are two potential options to
deal with this:

) Option 1:" Change the coverage of each ID IC auction. ID3 would instead cover
MTUs from 14:00 up to and excluding 17:00 CET (that is, MTU 14 to MTU 17). MTU
13 would instead be covered by ID2; or

) Option 2:™° Reschedule the time of the ID IC auctions. The ID3 auction for
BritNed, for example, could be organised one hour earlier, e.g. allowing for
orders to be submitted between 8:50-9:20 CET to be able to cover the same
MTUs as currently is this case.

"% Depending on the extension of the wholesale gate closure Option 1 might not be feasible for MTU 1
and would require the first ID IC auction to be moved forward (as under Option 2).

120 Alternatively, MTU 17 might not be included in ID3, but more ID IC auctions can be organised. We do
not cover this option here.
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g Alternative 1: Move MTU 13 to IDIC 2 and MTU 17 to IDIC3
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Figure 3-3: Two potential alternatives for the organisation of BritNed
ID3 auction under an extended two-hour GCT in GB

Source: FTI Consulting

3.17. The same issue, e.g. possibly having to move the ID IC auction earlier or possibly
having the ID IC auction covering different MTUs, would occur for the implicit ID
arrangements between GB and I-SEM. This would be especially relevant for IDA 2
which takes place at 8am and covers all MTUs from 1lam onwards.™

12 IDA 1 takes place at 17:30 D-1 for all MTUs of the next day and would likely be less affected by an
extended wholesale GCT in GB.
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3.18.

3.19.

3.20.

3.21.

The nominations period for all MTUs covered by the BritNed ID3 opens at 10:30 CET
(see Figure 3-2) 10 min after the IC capacity auction has closed. During this period,
IC capacity holders can secure an ID price spread between the GB ID market and the
SIDC2and subsequently nominate the ID IC capacity. Taking the first MTU (MTU 13)
as an example:

o The nominations period for MTU 13 lasts for 20 minutes and closes at 10:50 CET.
This is 30 min after the closure of ID3 (10:20 CET);

° The GB wholesale GCT for MTU 13 takes place 10 minutes after, e.g. at 11:00 CET;
and

° MTU 13 starts at 12:00, 1 hour after the wholesale GCT.

Under either alternative shown in Figure 3-3 above, the nomination GCT would need
be extended by at least 50 minutes to allow it to occur before the wholesale GCT. We
assume that the time lag between IC nomination GCT and the GB wholesale GCT
would continue to be 10 minutes.

Overall, an extension of the GB GCT would require ID IC auction schedules to be
revised and adapted by relevant IC owners to ensure that the right MTUs are
captured. This could vary across different ICs depending on their preferences.

In the following subsections, we consider the impact of an extended wholesale GCT
on: (i) the valuation of explicitly auctioned ID IC capacity; and (ii) the utilisation of the
capacity of explicitly auctioned ID IC capacity or implicitly allocated ID IC capacity.

Impact of NI on the valuation of explicitly auctioned ID IC capacity

3.22.

In the case of a continuous IDM, the value of ID IC capacity rights is based on the
expectation of the price spread between the GB ID market and the SIDC that can be
captured by nominating the ID IC right. We see two ways that an extended wholesale
GCT could impact the expectation of this price spread and hence the value of ID IC
capacity rights:

o An increase in the time period over which ID prices need to be forecasted that

is of relevance for the valuation of the ID IC capacity rights (“ID price
forecasting horizon”);

12 The IDCZGCT is currently 1-hour (except for the Finnish-Estonian bidding zone border at the time of
writing) but national wholesale GCTs for European markets can be later. For simplicity, we

disregard the national wholesale GCT.
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A need for ID IC capacity holders to trade in the continuous ID market of the
connecting market further away from the GCT of the connecting country. The
liquidity in the continuous ID market can be lower in MTUs that are further
away from the wholesale GCT in the connecting country.?3

3.23. The period that is of relevance for the expectation of the ID price spread is the period

an ID IC capacity holder can secure an ID spread and hence earn revenues from its
acquired ID IC right. This period occurs between: (i) ID IC auction GCT; and (ii) the
wholesale GCT at the GB and European side. This period can be broken down in three

sub-periods as illustrated in Figure 3-4 below:

Sub-period 1: an IC capacity holder can take a position in both relevant ID
markets but not yet nominate the ID IC right. This period is quite short and still
relatively far from the wholesale GCT where most ID trading occurs. Therefore,
it is likely that this sub-period is not the most relevant.

Sub-period 2: an IC capacity holder can take a position in both relevant ID
wholesale markets and nominate the ID IC right. This is likely the most relevant
period for the valuation of the ID IC right as securing an ID spread in this period
and subsequently nominating the ID IC right implies a certain revenue from
the ID IC right nomination.

Sub-period 3: an IC capacity holder can take a position in both relevant ID
wholesale markets but must have already nominated the ID IC right in a prior
period. This is likely a riskier strategy compared to taking a position in the
relevant ID wholesale markets during sub-period 2 as the ID price spread is
not known at the time of the ID IC nomination.

123 For example, 40-60% of all continuous trade in SIDC occurs in the last two hours before delivery.
See Figure 50 in All Nemo Committee, 2024. CACM Annual Report 2023 (link).
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Figure 3-4: Relevant periods for the valuation of ID IC capacity rights
under NO

Source: FTI Consulting

3.24. Asillustrated in Figure 3-5 below, when extending the GB wholesale GCT:

o The time lag between the ID IC auction closure and the delivery period
increases both for the GB and European market while the wholesale GCT in
the European market does not change. Consequently, the length of the period
between the end of the IC homination window and the wholesale GCT on the
European side (sub-period 3) has increased.

o However, the length of the period between the ID IC auction closure and the
start of the IC nomination window (sub-period 1) does not change. Similarly,
the length of the IC nomination window (sub-period 2) does not change.

— N1 GCT 2-h

ID IC auction IC nominations Sub-period 1

Valuation of the closure window Sub-period 2

| | —————————————————— -I Delivery Sub-period 3
) L period

e "
mlm ------------------------- e — o »|—|

Increased lag from
| | __________________ _I end of nominations
window to ID CZGCT Delivery

= e
................................. e

ID trading - 1 hour

Figure 3-5: Relevant periods for the valuation of ID IC capacity rights
under N1 with 2H GCT

Source: FTI Consulting
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3.25.

3.26.

3.27.

Considering the increase in the length of sub-period 3 on the European side, the ID
price forecasting horizon becomes longer due to an extension of the GB wholesale
GCT. An increase of the ID price forecasting horizon increases uncertainty and thus
can impact the valuation of the ID IC right. The impact depends on the trading
strategies adopted by market participants:

o To the extent that ID IC capacity holders opt to secure an ID spread during the
nomination window (e.g. during sub-period 2), an extension of the GB
wholesale GCT would have limited impact on the valuation of ID IC rights.

o To the extent that ID IC capacity holders opt to nominate the ID IC right before
securing an ID spread, an extension of the GB wholesale GCT would have an
impact on the valuation of ID IC rights. In that case ID IC capacity holders
would take an ID position in the connecting market after the GB wholesale
GCT (e.g. during sub-period 3). In general, given that this strategy increases
the risk of the market participant holding capacity in a counterintuitive
direction, we expect that this would lead to a negative impact on the
valuation of the ID IC rights (as prospective buyers of the ID IC capacity would
be pricing in the additional risk). However, the size of this impact is uncertain.

Overall, based on the above, the impact of the extended GB wholesale GCT can be
expected to be relatively limited as relying on ID price changes after the ID IC
nomination period (sub-period 3) is likely a risky strategy. The ID price forecasts that
seem more relevant for the ID IC rights valuation can be expected to be the ID prices
during sub-period 2 for which the forecast horizon does not change under N1.

However, so far, we have assumed that the liquidity of the ID market is independent
of how far ID trade from the wholesale GCT occurs. Currently the maijority ID trade
occurs close to the wholesale GCT (see Footnote 123). The current GCT in GB is
relatively similar to the GCT in the connecting EU markets. This means that under NO
the ID IC nomination period materially overlaps with the period in the connecting
European ID market with the highest ID liquidity.
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3.28.

3.29.

3.30.

If the GB wholesale GCT was extended, simultaneously the ID IC nomination period
would also be pushed to an earlier point in time (see Figure 3-5 above). As such, there
is a risk that the overlap between the ID IC nomination period (sub-period 2 in Figure
3-5) and the period in the connecting European ID market with the highest ID liquidity
may be significantly reduced (unless the liquidity in the SIDC would move further
away from the IDCZGCT). Concretely, the GB continuous ID market would see highest
liquidity at around T minus 2-3h, while the SIDC would see highest liquidity at around
T minus 1-2 hours. Decreased liquidity could potentially lead to more difficulties for
market parties to (i) forecast the ID price in the connecting market'?%; and/or (ii) find
a counterparty to execute trades with. Consequently, this might negatively impact
the valuation of the ID IC right, as market participants would need to price in both
risks (e.g. the reduced confidence in the price forecast and the risk of not being able
to execute the trade). This can be especially problematic when the GCT in GB would
be extended significantly (e.g. more than 2 hours) and for connecting European
markets with limited liquidity (e.g. Belgium vs Germany).

The extent of decrease in liquidity is an empirical question. It is possible that some
liquidity currently observed in the EU market close to the IDCZGCT could shift to an
earlier time, to coincide with the peak liquidity in the GB wholesale market (e.g. if there
was a large volume of cross-border trade and EU market participants were
interested in trading just before the GB wholesale gate closure), but this is uncertain
and would need to be examined further.

Overall, considering all the impacts discussed above, we expect that an extended
wholesale GCT in GB likely negatively impacts the valuation of ID IC rights, though the
quantum of this effect would need to be empirically tested.

124 | ess liquidity in the continuous IDM can lead to more unpredictable discrete price movements.
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Impact on utilisation of the IC under explicitly auctioned ID IC capacity and
implicitly allocated ID IC capacity

Impact under explicitly auctioned ID IC capacity

3.3l.  An extended wholesale GCT might, to a limited extent, impact the commercial
utilisation of the ICs. IC capacity holders are not exposed to the risk of forecast errors
when they nominate flows after they secured an ID spread in the continuous ID
trading (sub-period 2 in Figure 3-5.). As such, assuming all ID IC capacity holders
would secure their ID spread before nominating the ID IC capacity right, no flows
against the obtained ID price differential are expected.”® However, it is possible that
ID IC capacity holders nominate their ID IC right while only securing an ID spread after
the nomination window (sub-period 3 in Figure 3-5). In that case, counterintuitive
flows are possible.'®

3.32. For example, an ID IC capacity holder in the direction from GB to France might buy
electricity in the GB ID market at £12/MWh and subsequently nominates the ID IC
capacity. At that moment in time, the French ID wholesale price is around £20/MWh
but the ID IC capacity holder decides to not yet sell electricity in the French bidding
zone. The ID IC capacity holder expects it will be able to sell in the SIDC (French
bidding zone) at a higher price closer to the IDCZGCT. However, due to a sudden
change of system conditions in the French power system, the French ID price moves
to £65/MWh. The ID IC capacity holder would likely still sell the electricity at £5/MWh
(given that the holder has already nominated the IC capacity in the direction from
GB to France). This is because, if they did not sell electricity in the French market at
£5/MWh, the ID IC capacity holder would be exposed to potentially high imbalance
charges as it has an unbalanced position in the French bidding zone. As a result of
the unanticipated movement in the ID price in the French market, the IC flows would
be counterintuitive, and the IC capacity holder’s cross-border trade would be loss-
making.

3.33. As sub-period 3 (during which this is possible) is longer under N1 (at least on the
European side), it might be that counterintuitive flows are more likely. However, we
expect this impact to be limited as this would be a risky strategy for an ID IC capacity
holder.

125 Note that in a continuous IDM the spread that each ID IC capacity holder secured when nominating
the ID IC right can be different.

126 Another reason for counterintuitive flows can be ramping limits on ICs.
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3.34. The potential lower liquidity on the European side during the ID IC nomination window

3.35.

3.36.

(sub-period 2) might also impact on the commercial utilisation of the ID IC capacity
rights. Given the IC traders are facing lower (concurrent) wholesale market liquidity,
there may be fewer wholesale positions that can be taken (e.g. lack of counterparty).
This can lead to a lower volume of ID IC capacity sold (and thus lower volume of IC
capacity nominated).

Above we discussed the commercial utilisation of an ID IC capacity right from the
perspective of an individual ID IC capacity holder, however, an extended wholesale
GCT can also have wider system impacts on how ID IC capacity rights are scheduled.
The main driver of the system impact is that it is possible that the ID price differential
at the wholesale GCT - which reflects the most up-to-date system conditions
(excluding transmission constraints) — is different than it was at the time the IC
capacity holder nominated its ID IC capacity. If such situation would occur, from a
system perspective, it would have likely been more optimal if the IC was nominated
closer to delivery (and hence based on the ID price spread that better reflects system
conditions).

The likelihood of the ID price differential at the wholesale GCT being different than it
was at the time the IC capacity holder nominated its ID IC capacity is higher under
N1 compared to NO. As shown in the example for the BritNed ID3 auction (Figure 3-2)
under NO, the current period between the closure of the nominations period and the
GB wholesale GCT is 10 minutes for all MTUs. The time lag remains at 10 minutes with
an extended GB GCT under both options shown in Figure 3-3. However, the period
between the end of the nomination window and the wholesale GCT can become
much longer at the European side. As such, there can be a negative impact on the
IC’s scheduling.

Impact under implicitly allocated ID IC capacity between GB and I-SEM

3.37.

3.38.

Under an implicit arrangement as between GB and I-SEM, there is neither under NO
nor NI a risk for counterintuitive flows due to trading decisions from market
participants.

However, the concern of a system impact on the IC schedule due to an extended
wholesale GCT in GB remains under an implicit arrangement. The reason being that
the implicit auction would likely have to be moved further away from the I-SEM gate
closure. As such, the ID implicit auction will take place at a moment when less
information about the final system conditions is known. Hence, there is higher
likelihood that at the I-SEM GCT the IC is not scheduled in line with the most up-to-
date system conditions (excluding transmission constraints).
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3.39.

Post-

3.40.

3.41.

3.42.

elf-scheduling with national wholesale pricing with an extended GCT

Market participants will be able to trade in the I-SEM continuous ID market up to the
current GCT of 1-hour (in line with the IDCZGCT). Due to the longer time lag between
the ID implicit auction and the I-SEM wholesale GCT, the I-SEM continuous ID price
near the I-SEM GCT is expected to diverge more from the ID price determined by the
implicit ID auction compared to under NO.

gate closure time

Having an extended wholesale GCT in GB would impact the timing of when ICs could
be rescheduled by NESO post-GCT. Currently with the one-hour GCT in place, apart
from emergency services, NESO can reschedule ICs via SO-SO trades post GCT (at
the least the ICs for which there is an agreement for SO-SO trades). With an extended
GCT in place in GB, it would be likely that more of the IC rescheduling instructed by
NESO moves from pre-GB GCT to post-GB GCT. This could imply that the role of SO-
SO trades increases at the expense of countertrading (at least the way it is currently
organised).

The extent to which an increased trend of SO-SO trading would materialise also
depends on the wholesale GCT of the connecting EU market. Here we assume that
the GCT of the connecting markets remains unchanged: one hour for the IDCZGCT,
and possibly a later (national) GCT for trade within a European bidding zone. In that
case, two scenarios can be thought of:

o SO-SO trade is directly possible after the GB GCT, thus while the ID market is
still open in the connecting market; or

o SO-SO trade is only possible after wholesale GCT in the connecting market.

Under the first scenario, the potential issue is that ID trades in the connecting zone
done when SO-SO trades are executed could lead to internal grid issues within the
relevant connecting zone which were not anticipated at the time of the SO-SO
trade.”” Considering this, the EU TSO would most likely refuse to engage with the GB
SO in SO-SO trades until their wholesale GCT. We therefore do not consider the first
scenario to be very likely.

127 SO-

SO trade would take place at a time when the EU TSO does not yet have full knowledge of how

its resources will self-schedule.
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3.43.

3.44.

Under the second scenario, NESO would have to anticipate whether the connecting
TSO would approve an SO-SO trade closer to delivery (and if yes, the cost of
redispatching ICs) when it can already redispatch other assets to resolve internal
congestion (which is likely one of the key arguments to have an extended GCT in GB
as discussed in 93.1).This uncertainty might lead to avoiding reliance on SO-SO
trades, which could mean that potentially more expensive (intra-GB) redispatch
actions would have to be relied on to relieve internal GB congestion. However, the
bigger point is that not being able to effectively use the extended GCT to
(re-)schedule a critical asset class such as ICs would render the extended GCT in GB
a partially fruitless exercise.

Under the second scenario an alternative would be to keep countertrading in place
after the GB GCT up to the wholesale GCT in the European SIDC (“EU-only
countertrading”). NESO would trade with IC capacity holders who can still adapt their
position in the relevant connecting European market after the GB wholesale GCT.
From the European perspective this might be problematic as European TSOs would
no longer be able to countertrade in the GB market. Instead, the European TSOs would
need to revert to SO-SO actions. If there was limited willingness from European TSOs
to allow countertrading after the GB GCT, the benefits case of an extended GCT would
be significantly reduced.

N1 MRLVC

Intraday market

3.45.

We do not assume the introduction of MRLVC in ID while the existing ID arrangements
under N1 Status quo could continue to be in place, hence, the impact of an extended
wholesale GCT would be the same as that discussed under NI Status Quo.

Post-gate closure time

3.46.

As above, the same impact of an extended wholesale GCT can be expected as
discussed under NI Status Quo.
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N1 Price Coupling

Intraday market

3.47. Assuming that GB would need to comply with the IEM Regulations under Price

Coupling, it would mean that IDCZGCT would need to be at most one hour ahead of
delivery, and from the 1st of January 2026 the IDCZGCT shall not be more than 30
minutes ahead of delivery.”® This would imply that under Price Coupling an extended
wholesale GCT (NI) is not possible. Shortening the GB wholesale GCT to comply with
the IEM Regulations would likely be problematic under a national wholesale market
design due to the large volume of BM actions required post GCT.

3.48. It could be that an exemption from the requirement to have a 30 minutes IDCZGCT is

approved, and an alternative approach is agreed to integrate the GB ICs in the SDAC
without the need for GB to be governed by the relevant IEM.”?° In that case, the position
of the GB-EU/Norway ICs would need to be firm at the time of the GB wholesale GCT.
From that point onwards, ID trade would still be possible in the SIDC in the
EU/Norwegian markets but not anymore in GB. We do not examine the feasibility of a
potential exemption further in this report.

Post-gate closure time

3.49. If N1 were possible under Price Coupling, it is likely that the exchange of balancing

energy between GB and the connecting zones, via EU balancing platforms or other
initiatives, would technically still be feasible. However, as balancing processes in GB
may become increasingly divergent from balancing processes in the connecting EU
zones (having a later GCT), this could lead to greater complexity in the exchange of
balancing energy (e.g. different products could be developed and different timings
of the GCT for balancing energy bids).

128 See Art. 5(1) of Regulation (EU) 2024/1747 of the European Parliament and of the Council of 13 June

129

2024 amending Regulations (EU) 2019/942 and (EU) 2019/943 as regards improving the Union’s
electricity market design (link).

A coalition of industry parties (link) proposes to allow the inclusion of ICs to the GB market (and
North Sea hubs) in the SDAC allocation process, but as a distinct service extension. It is argued that
by doing so the GB market would not become a member of SDAC but would instead procure a
clearly defined (and limited) service provided by SDAC which remains under EU control.
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3.50. Similarly, as discussed under N1 Status Quo, having an extended GCT in GB would
impact the timing of when ICs could be rescheduled by NESO post-gate closure.
Other than under an emergency, currently with the one-hour GCT in place NESO can
reschedule ICs via SO-SO trades. With an extended GCT in place in GB, it would be
likely that more of the IC rescheduling instructed by NESO moves from pre-GB to
post-GB wholesale GCT.

3.51. However, unlike in N1 Status Quo, countertrading (after the GB GCT but before the GCT
in the connecting market, if possible) would not be done with IC capacity holders.
Whether NESO would be able to countertrade in the SIDC (directly or via a third party)
is a legal and regulatory question which we do not address in this report.'®

N1 Conclusions

3.52. In our discussion above, we have assessed the potential feasibility of combining
three selected cross-border arrangements (Status Quo, MRLVC and Price Coupling)
with the N1 market design (which features an extended GB wholesale GCT). In doing
so, we have not sought to comment on the preferred option(s) for cross-border
trading arrangements nor on the desirability of the N1 design itself. Rather, we have
taken the N1 market design as given and examined how different cross-border
trading arrangements could be developed or adapted in order to be compatible with
the N1 market design.

3.53. We assume that the wholesale GCT would at most be extended by a few hours (but
not as long as, say, 24 hours), with the implication being that the extended wholesale
GCT would not impact the functioning of the GB DAM. Therefore, N1 market design
only interacts with cross-border trading arrangements in the ID and post-gate
closure timeframes.

3.54. We find that, with suitable adaptations, NI market design can be made compatible
with the Status Quo cross-border arrangement although trade-offs arise. We do not
assume an ID arrangement under MRLVC, so there are no changes under N1 relative
to NO other than for the post-gate closure timeframe. N1 is found to be incompatible
with Price Coupling if Price Coupling would imply that GB needs to abide by all
relevant IEM Regulation. We summarise our conclusions below:

130 Technically it would likely be possible as countertrading in the ID timeframe is currently in place
between DK1 and Germany (TenneT) (link, link).
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(i)

(ii)

(iii)

(iv)
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A general implication of N1 is that NESO would take over a greater part of the
responsibility of forecasting generation and load from the market compared
to Status Quo market design arrangement (NO). This might lead to a system
cost increase to manage energy imbalances but would also give NESO the
opportunity to start redispatching earlier which, conversely, might lead to
system cost savings. The net impact of an extended wholesale GCT on GB
system costs, reflecting the two factors above, would need to be empirically
tested.

N1 is compatible with both explicit and implicit ID arrangements under the
Status Quo cross-border arrangement. However, the explicit ID IC auctions
and implicitly coupled ID auctions would likely have to be moved to an earlier
point in time to accommodate the longer wholesale GB GCT. This could
negatively impact the valuation of ID IC rights. The extent to which ICs are
scheduled (under both explicit and implicit arrangements) in line with ID
market prices closest to delivery could also be negatively impacted. The size
of this impact is uncertain.

Under both the Status Quo cross-border arrangements and MRLVC, NESO
would need to be able to: (i) start SO-SO trades before the wholesale GCT in
the connecting market; and/or (ii) continue countertrading after the GB
wholesale GCT. If there was limited willingness by European TSOs to adopt
either of these two options, the benefits case of an extended GCT in GB would
be significantly reduced.

Assuming GB would need to comply with the IEM Regulations under Price
Coupling, it would mean that IDCZGCT would need to be at most one hour
ahead of delivery, and from the 1st of January 2026 the IDCZGCT shall not be
more than 30 minutes ahead of delivery. This implies that an extended
wholesale GCT in GB (N1) is not possible under Price Coupling.
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4. 71: Self-scheduling with zonal pricing

In this chapter we discuss how the Status Quo cross-border arrangements, MRLVC
and Price Coupling could potentially operate under the Z1 market design, in which
GB retains self-scheduling but moves to zonal wholesale pricing. We start this
chapter with a section where we introduce the key market design assumptions
under Z1.

Key market design assumptions

41. NESO's strawman view of the Z1 dispatch model is set out in Figure 4-1 below.

Market participants decisions System Operator

MO operates price-
coupling mechanism

i Continuous intraday market
E OTC and ] Day-ahead
i forwards ' coupling Intraday coupling
: Bid /
Bilateral E Bid / Bid / price
trades ' price price
E
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= E capacity PNs ey PNs FPNs Re-dispatch intructions
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j SO runs 1L
v > bound_ar\,r Bid / bound_aw boundary capacity
50 calculates H capacity price capacity calculation
g E interzonal -} caleulation calculation
transmission : ’ _
capacity ' ) Y ' 1 i W v
o i Ancilary service ' _ System Operator Planning —>  Balancing and redispatch
procurement —_>
|
T
Gate Closure
Forward Day-Ahead Intraday Real-Time

Figure 4-1: NESO's strawman view of the Z1 market design

Source: ‘REMA Dispatch Options Webinar Pre-read’, NESO, 2024 (link): Figure 14.

4.2. In the remainder of this section, we describe the key assumptions under Z1 market
design which are as follows:

o As per NO, market participants self-schedule and bidding would be portfolio
based (rather than unit based), however the geographical footprint of a
portfolio would be limited by zone. In practice, this means that market
participants would no longer be able to directly substitute resources in their
portfolio located in different zones without exposing themselves to price risk.
However, as discussed below, there are options to manage this risk;

° Bidding formats would remain the same as under the NO (that is, simple and
block bids);
o Market participants only have firm access to the transmission network within

their zone, but not outside their zone;
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o Forward energy contracts can be settled based on zonal wholesale prices or
hub prices (e.g. average load-weighted zonal price). OTC trading would be
limited to market participants within the same zone unless market parties
would obtain cross-zonal PTRs as discussed below;

o Forward GB cross-zonal transmission rights would be implemented in GB to
enable market participants to hedge prices across GB zones. These GB cross-
zonal rights could be PTRs or FTRs, both of which would be used to hedge the
basis risk. Basis risk appears when market participants enter into forward
contracts settled on a price different than the zonal price they receive in the
wholesale market. Holders of GB cross-zonal PTRs would also be able to
nominate cross-zonal flows in GB wholesale markets. There are several
detailed design options for the implementation of these GB cross-zonal
transmission rights. However, the discussion of these options is outside the
scope of this report. For this section, we assume that GB has a well-
functioning market for forward transmission rights that provides market
participants with sufficient opportunities to hedge inter-zonal price risk; ¥'1%2

o Zones in GB would be implicitly price coupled with each other in the DA and
ID timeframes. The GB DAM would simultaneously clear each zone and,
implicitly, the associated cross-zonal capacities based on zonal portfolio bids
and available cross-zonal capacity via a Price Coupling algorithm
(conceptually similar to EUPHEMIA that performs this function in Europe).
Compared to NO, where the outcome of the GB DAM is a single GB national
price, under 71 the outcomes would be a wholesale price for each GB zone,
alongside volumes and direction of cross-zonal flows.

131

132

Options include a US-style FTR market, where independent system operators (“ISOs”) sell FTRs,
which are then settled against hub prices using the outturn congestion rent. In Europe, a similar
approach to the US market is observed in Italy, which uses FTRs settled against the prezzo unico
nazionale (“PUN"), a load-weighted average of zonal prices. An alternative option is a Nordic-style
exchange traded financial instrument which hedge zonal prices against the unconstrained Nordic
system price, known as electricity price area differentials (“EPADs"). See ‘EU’s Electricity Forward
Markets’, ENTSO-E, 2022 (link): page 40.

Depending on the implementation choices made for GB cross-zonal transmission rights, these
could also be integrated into the JAO platform. However, this has not been the practice for
European countries with zonal arrangements. Italy, Norway, Sweden, and Denmark all have
dedicated platforms for their cross-zonal forward products. For Italy, see ‘CCC Copertura contro il
rischio di volatilitd del Corrispettivo di assegnazione della Capacitd di trasporto’, Terna (link), as
well as ‘Regolamento per I'assegnazione degli strumenti di copertura contro il rischio di volatilitad
del corrispettivo di utilizzo della capacitd di trasporto (CCC) per I'anno 2024/, Terna, 2023 (link). For
Nordics, see ‘Our Products’, Nasdaq (link), as well as ‘Trading Appendix 2 [ Clearing Appendix 2 —

Contract Specifications — Commodity Derivatives’, Nasdaq Oslo ASA and Nasdaq Clearing AB, 2024
(link): pages 97 to 107.
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o As discussed under each cross-border arrangement below, we assume that
the GB DAM would: (i) as per NO Status Quo, clear prior to the SDAC under Z1
Status Quo; (ii) run alongside the SDAC under Z1 MRLVC; and, (iii) be part of
the SDAC and therefore clear simultaneously under Z1 Price Coupling;

o NESO would determine the available cross-zonal capacity that can be
allocated to the DAM (“commercial cross-zonal transmission capacity”). As
we discuss in each subsection below, NESO's approach to determining
available capacity has implications for each cross-border trading
arrangement. It can either be based on the:'®3

— NTC methodology, which calculates capacities between bidding zones
based on transmission capacity limits between zones and a reliability
margin to account for uncertainties (e.g. unexpected grid conditions or
forecast deviations); or

— Flow-based methodology, which simultaneously optimises electricity flows
between the GB zones accounting for interdependencies between the
volume of available commercial cross-zonal capacity that can be allocated
per zonal boundary. ¥ This is more dynamic compared to the NTC
methodology, and typically results in higher available cross-zonal capacity
for trading and more efficient use of the transmission network.

133

134

‘Market-based congestion management’, TenneT (link); ‘Capacity calculation methodologies
explained Flow Based market coupling (FB) & CNTC’, Energinet, Svenska kraftndt, Fingrid, Statnett
(link).

Under the flow-based methodology, NESO would need to calculate available margins of network
elements that are impacted by cross-zonal trade (“critical network elements”) and zonal power
transfer distribution factors (“PTDFs”), which are used as inputs in the GB Price Coupling algorithm.
Zonal PTDFs describe the linear relationship between the physical flow in a critical network element
and the net exchange position of a specific bidding zone. Under the flow-based methodology, the
commercial cross-zonal capacity available on one zonal border is ho longer independent from
the commercial cross-zonal capacity available on another zonal border. The “flow domain”, i.e. all
potential combinations of feasible flows on the different cross-zonal borders, is offered to the Price
Coupling algorithm which then co-optimises the allocation of commercial cross-zonal
transmission capacity across zonal borders and the zonal schedule.
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o Under both options, NESO would need to account for any GB cross-zonal PTRs
sold on the forward timeframe for which the buyer has nominated flows
ahead of the DA timeframe. Other options may become available in the
future, but these are not examined in this report.’®®

o Under all cross-border arrangements, both EPEX Spot and N2EX could retain
all other functions associated with running these markets (the so-called pre-
and post-coupling functions). However, under Price Coupling, the GB
wholesale market clearing would effectively be integrated into the SDAC and
SIDC. The market clearing algorithm (e.g. EUPHEMIA) will be operated by the
European MCO, which is a cooperation of PXs and EU NEMOs. Under Status Quo
cross-border trading arrangements and MRLVC, the GB Price Coupling
algorithm would be run by a single GB MCO (which could be one of the PXs, a
cooperation of PXs or a third party — potentially NESO). This would be akin to
the current arrangements in the SDAC and SIDC, where PXs feed in bids from
market participants into the central clearing algorithm and are responsible
for the settlement.

o NESO would continue balancing the GB market post-GCT via the BM with the
GCT set to one hour.

4.3. It possible that zonal wholesale prices may become more volatile than national
wholesale prices in some GB zones in some periods. The mechanism behind a
potential increase in price volatility is that wholesale prices at a zonal level can be
more sensitive to minor changes in the (zonal) supply and demand conditions than
national wholesale prices when cross-zonal transmission is congested. Whether an
increase in price volatility materalises depends on the exact shape of the demand
and supply curves. The potential impact of a zonal design on the sensitivity of
wholesale prices to changes in supply and/or demand would also be driven by the
size of the GB zone relative to national GB market. Everything else being equal, the
smaller the zone, the more sensitive zonal wholesale prices can be expected to be."®

188 According to the Article 2 of the Second amendment of the Day-Ahead Capacity Calculation
Methodology of the Core CCR, TSOs in the Core CCR are required to have developed and
implemented advanced hybrid coupling (“AHC”) by March and June 2025 respectively (link). AHC
would enable a more efficient coordination between the scheduling of the ICs connecting GB with
the SDAC applying the NTC approach and the zones subject to flow-based market coupling in
Europe (in both CORE and the Nordics). AHC could also be implemented on the GB-side of the IC if
GB were to opt for the flow-based approach to allocate the GB inter-zonal capacity.

136 An extreme case of this would be an OBZ with no native demand and a single OWF). This is
discussed in Chapter 7.
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4.4. Azonal configuration that fails to reflect accurately intra-GB transmission constraints
might lead to more convergence of zonal wholesale prices and hence potentially
very similar price volatility as under a national market design. However, this would
come at the expense of more complexity for assets to forecast BM revenues, which
would represent a larger share of their total revenues (relative to under a zonal
configuration that better reflects intra-GB zonal transmission constraints).””” Overall,
the extent to which zonal wholesale prices would be more or less volatile and/or
sensitive to changes in supply/demand than national wholesale prices would need
to be empirically tested.

45. For all cross-border trading arrangements under Zl, IC flows would be scheduled
based on zonal prices (rather than national prices under the current Status Quo
market arrangements (N0O)). These represent “unconstrained zonal wholesale
prices”, which reflect transmission constraints between GB zones but not within the
zone. The main implications of this are as follows:

o To the extent that zones are aligned with the main transmission boundaries
of the GB system, scheduled IC flows would more likely be in line with the
physical realities of the GB system. While some redispatch and/or
countertrading actions may still be required if some of the scheduled IC flows
turn out not the be physically feasible, the volume of such actions is expected
to be significantly smaller compared to NO. The extent of the reduction would
depend on the detailed design of the zones and, in particular, how well they
reflected intra-GB transmission constraints.

o Scheduling IC flows according to zonal prices would likely result in materially
different scheduled IC flows relative to NO, which would in turn impact
wholesale prices in the connected European countries. If zonal prices in the
GB zone in which the IC landing point is located (referred to as a “GB IC zone”)
are lower than the national price, the IC will be more likely to be scheduled to
flow out of GB, which in turn would likely lead to a price decrease in the
connected European wholesale market (and vice versa). An example is that
zonal pricing could lead to more export to Norway via NSL, which is connected
to North England where zonal prices could potentially be lower than the
current national wholesale price. This would lead to lower wholesale prices in
NO2 under a zonal market design in GB compared to when GB would keep a
national wholesale market design in place; and

187 In addition, volatile zonal wholesale prices can be hedged as discussed in 14.2 while volatile BM
revenues cannot.
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The exact zonal delineation in GB is currently uncertain and may be designed
such that the GB-Irish ICs connect to different GB IC zones. A systematic
divergence of zonal prices in GB (e.g. higher wholesale prices in the north of
Wales where EWIC connects and lower prices in the south of Scotland where
Moyle connects) could potentially result in I-SEM acting as a transit network
between Scotland and South Wales for the GB electricity network, risking
increasing transmission constraints within the I-SEM.

Z1 Status Quo

4.6. Inthis subsection, we set out how the Status Quo cross-border trading arrangements
in GB (that is explicit trading for all NWE ICs and implicit trading on NSL and GB-Irish

ICs) could work under the Z1 market design. Effectively, this section seeks to overlay

zonal self-scheduling, as defined in the Z1 design, on the current cross-border

arrangements (albeit with some adjustments where they appear necessary).

Forward market

47. As summarised in Figure 4-2 below, the forward market for cross-border

transmission rights under Z1 Status Quo would operate in a broadly similar way as
that in NO Status Quo explained in 92.5-2.8:

Confidential

NESO and the relevant European TSOs would calculate the available capacity
on the explicitly traded NWE ICs. The LTTRs for various timeframes would be
auctioned via JAO forward auctions (though alternatives are possible, e.g. the
‘Empire’ platform for BritNed).

Cross-border LTTRs could be either PTRs or FTRs and would enable market
participants to hedge their positions for the price difference between the GB
IC zone and the connecting European price zone. Market participants may
choose to acquire additional GB cross-zonal transmission rights to hedge
price risk between the GB IC zone and other GB zones and/or a GB hub.

In principle, NSL and GB-Irish ICs could also participate but currently no LTTRs
are currently offered for those ICs.

Market participants and IC capacity holders (though not IC owners
themselves) can also trade cross-border LTTRs bilaterally in the forward
market.
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4.8. A potential difference between Z1 and NO is that the wholesale prices in the GB IC
zones could potentially become more volatile (in some zones during some periods)
than the counterfactual national wholesale price (as under NO) as described in 14.3-
4.4. The extent to which increased wholesale price volatility would materialise under
zonal pricing could affect the valuation of cross-border transmission rights. This
could be either a positive impact (if the increased volatility led to wider price spreads
between the GB IC zone and the connected European zone), or a negative impact (if
the increased volatility discouraged trading). The balance of these two impacts
would need to be further assessed empirically.
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Day-Ahead market

4.9. In this section we discuss how the current DA cross-border trading arrangements
would need to be adjusted to be compatible with the Z1 market design. We consider
the explicit (NWE ICs) and implicit (NSL and GB-Irish ICs) arrangements in turn.

Explicit

4.10. Wedo not foresee any substantial changes required to the existing process of explicit
DA trading arrangements of NWE ICs.

411.  We expect the current DA IC capacity auctions to remain in place, and we also expect
that market participants would continue to obtain cross-border IC capacity to
facilitate flows between GB and the SDAC. The value of these rights would reflect the
expected price difference between the relevant GB IC zone and the connecting SDAC
zone (rather than the expected difference between the GB national price and the
connecting SDAC zone under NO Status Quo). The extent to which zonal GB wholesale
prices are potentially more volatile could have a positive or a negative impact:

o To the extent that the individual settlement period-by-settlement period GB
IC zone prices become more volatile, this could increase the spreads between
GB and the connected European countries and hence create additional
congestion rent opportunities for ICs.

° Conversely, to the extent that increased volatility discourages trading, market
participants could be more cautious in bidding for capacity to avoid incurring
additional costs to unwind their position if their forecasts are incorrect. This
could result in the DA IC capacity auctions clearing at lower values and the
commercial under-utilisation of the IC.

4.12. IC capacity holders would also need to establish net energy positions in both price
zones as per the current market arrangements. However, on the GB side, this position
would need to be established in GB IC zone.
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413. IC capacity holders’ bids would likely continue to be based on the expectation of
prices in the connected SDAC market (see Appendix 1). As per NO Status Quo, we
assume that the GB DAM would run before the SDAC. This means that IC capacity
holders would need to forecast the wholesale price in the connecting SDAC market
when taking a position in the GB DAM. Assuming that the volatility of wholesale prices
of the SDAC zones is not materially impacted by GB having a zonal rather than a
national wholesale market in place (indeed, this would be a second-order effect), we
expect that the level of forecast error, and therefore the likelihood of the commercial
under-utilisation of ICs to be similar as under N0.*®® We provide an example of how ZI
can impact the valuation of DA IC capacity rights but not their scheduling below in
Box 4-1.

Box 4-1: Example of the impact of Z1 on the valuation and scheduling of
DA IC capacity rights

A market participant has been successful in the DA IC capacity auction for IC rights
in the direction from GB to France. The market participant estimated the DAM price
in the GB IC zone™ to be £20/MWh lower than the French DAM price and was the
marginal bidder. Because both the GB DAM and the SDAC are cleared after the DA
IC auction, the market participant had to forecast both the DAM price in the GB IC
zone and in the French DAM to come up with the £20/MWh bid. Thus, the bid of the
market participant in the DA IC capacity auction was impacted by GB moving from
national to zonal pricing (as the national wholesale price would have been likely
different from the wholesale price in the GB IC zone). Hence, the valuation of DA IC
capacity rights is impacted by GB moving from national to zonal pricing.

After the DA IC capacity rights auction, the GB DAM takes place. In the GB DAM the
IC capacity holder would need to take a position as a buyer, assuming they are
planning to export from GB to France in line with the IC capacity position they have
acquired. The offer the DA IC capacity rights holder would most likely formulate is
its expectation of the French DAM price (see also Appendix 1), e.g. £40/MWh.4 After
submitting its bid, the GB DAM clears, and the GB IC DAM price is £30/MWh. The

1% However, if the SDAC were to be cleared ahead of the GB DAM, IC capacity holders would instead
need to estimate the price in the GB IC zone. In this case, the level of forecast error under Z1 might
to be different relative to NO, which would increase the frequency of counterintuitive flows.

139 As discussed in 14.2, under Z1 Status Quo and MRLVC we anticipate having one GB MCO in place.
This would imply there would only be one GB DAM price per GB zone (and not two as currently is
the case with two separate GB DA market clearings as explained in 92.11.

10 |n case the SDAC were to take place before the GB DAM, the IC capacity holder would instead need
to take a position in the SDAC as a seller and forecast the wholesale price in the GB IC zone.
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zonal GB IC DAM price (£30/MWh) is lower than the IC capacity holder's offer
(£40/MWh), thus the IC capacity holder obtains a buyer position in the GB IC zone.
After, the SDAC opens, and the IC capacity holder would likely bid in the French
market at the zonal GB IC DAM (outturn) price (£30/MWh). If the French DAM price
clears higher than £30/Mwh (disregarding IC losses) the IC capacity holder can
earn a revenue from the spread and will likely nominate the IC right.

There are two important observations:

(i) The IC capacity right holder has acquired the transmission capacity
prior to the GB and European DAM clearing. The price at which they
acquired such right was based on an expectation of both the GB DAM
wholesale price and the French DAM wholesale price. The DA IC
auction price expectation is impacted by a move from national to
zonal pricing (as now the zonal GB IC DAM price and not the national
GB DAM price needs to be forecasted). However, once acquired, the
IC capacity right becomes a sunk cost and does not affect the IC
capacity holder’s subsequent bids in the GB and French wholesale
markets. The only choice that the IC capacity holder can make is
whether to nominate that IC capacity.

(ii) The IC capacity right holder did not have to forecast the GB DAM price
when taking a position in the GB DAM market to potentially nominate
the IC right or not. Hence, the scheduling of the IC under an explicit
arrangement is not impacted by GB moving from national to zonal
pricing. This is a consequence from the GB DAM to clear before the
SDAC. In case the SDAC were to clear before the GB DAM, the IC
capacity holder would need to forecast the GB DAM when taking a
position in the SDAC to potentially nominate the IC right or not. In that
case, GB moving from national to zonal pricing would impact the
scheduling of an IC under an explicit arrangement.

4.14. After IC capacity holders and other market participants establish their positions on
the GB DAM and the subsequent SDAC, the holders of the (physical) IC capacity rights
(obtained in any timeframe before GCT) then submit their flow nominations and PNs
to NESO and the European TSOs. The sequence of events is summarised in Figure 4-3
below. In what follows we describe in more depth the options for the implicit
arrangements with NSL under Z1.
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Figure 4-3: DA arrangements under Z1 Status Quo
Source: FTI Consulting

Implicit

4.15. Unlike explicit arrangements, the current implicit coupling on NSL would need to be
adjusted to make the arrangement compatible with Z1. Under the current DA
arrangements, there can be multiple DA markets for each bidding zone (i.e. there are
multiple DA auctions for GB run by EPEX and N2EX as described in 92.11). However, the
flows between bidding zones that are implicitly coupled are determined by a single
market operator (e.g. only N2EX determines the flows between GB and NO2 via NSL;
only SDAC determines the flows within the IEM). The coverage of each market
operator under NO is summarised in Table 4-1 below.
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Table 4-1: Coverage of N2EX 60min, EPEX 60min and SDAC market

under NO
Market operator Relevant bidding zones Flows between zones
N2EX 60 min GB, NO2 NSL
EPEX 60 min GB only None
SDAC All IEM zones (including NO2)  All flows between IEM zones

416. As explained in 14.2, under Z1 we assume that all GB zones and flows between GB
zones would be cleared by a single GB MCO. This means that the current market
arrangements (NO) in which N2EX covers the whole of GB, NO2 and NSL would not be
feasible anymore, as it would mean that the flows across GB zones would be cleared
by both N2EX and the GB MCO." There are two options for NSL to remain price coupled
with the GB DAM, as reflected above in Figure 4-3, and a fallback option:

o Option 1: The clearing of GB-NO2 flows on NSL could be integrated into the
intra-GB Price Coupling process. In this case, N2EX would no longer be
responsible for the market clearing of GB and NO2, nor for determining the
flows on NSL; or

o Option 2: The Price Coupling process between NO2 and the relevant GB zone
could be kept separate from the intra-GB Price Coupling process. In this case,
N2EX would be responsible for the market clearing of only the relevant GB
price zone where NSL connects, NO2 and the flows on NSL;

o Fallback option: Move away from implicit coupling of NSL and GB and instead
introduce an explicit cross-border arrangement on NSL.

4.17. The two options that could be introduced to let NSL remain implicitly coupled with the
relevant GB zone are illustrated in Figure 4-4 below, in which we assume that GB has
12 hypothetical price zones and NSL connects to the hypothetical GBO3 price zone. We
discuss each option in more detail below.

W Having multiple PXs in charge of separate DAM clearings would either lead to conflicting intra-GB
cross-zonal flows, or it would require that the intra-GB cross-zonal transmission capacity is
somehow ’split’ between the operators, so that each would be in charge for a portion of it. This
would be inefficient due to coordination issues in the allocation of the available GB cross-zonal
capacity across the different PXs relative to the allocation of supply and demand in the wholesale
market.
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1: Integrate NO2 with all GB zones 2: Keep NO2 separate to GB zonal coupling

NN

Legend - Zones coupled in all-GB DA auction . Zones coupled in GB3-NO2 DA auction Zones coupled in SDAC auction

Figure 4-4: Geographical area covered by each of these auctions

Source: FTI Consulting. Note: The GB zones in the figure above are purely illustrative

418. Under Option 1, NO2 would be covered by the GB (price coupled) DAM. The NO2 price
would be jointly determined along with prices in individual GB zones, flows between
GB zones and flows between GB03 and NO2. In this approach we also assume that
NO2 continues having two separate DA wholesale prices: one that would be
determined by the GB (price coupled) DAM and one that would be, separately,
determined by the SDAC process. This would represent an extension of the current
arrangements where NO2 already has two prices: one cleared alongside NSL and one
cleared via SDAC.

419. The feasibility and attractiveness of this option from a GB perspective largely
depends on the implications of including a foreign price zone in the GB Price Coupling
process. This may require involving the relevant Norwegian TSO in the development
of the intra-GB market coupling process, as well as in the design and operation of
the GB Price Coupling process, which we assume would very likely be unacceptable
for GB. From a Norwegian perspective, it would mean that an NO2 price (e.g. more
precisely one of the two NO2 prices) is determined by the intra-GB MCO, which seems
equally unlikely to be acceptable (although this could be examined further, given
that Norway has been able to accept having one of its two NO2 prices being
determined by N2EX).
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4.20. Under Option 2, N2EX'“2 would cover NO2 and NSL (as per the current arrangement
under NO) but only the hypothetical GB0O3 zone in GB (rather than all of GB). The flows
between GB zones would continue to be determined by the GB DAM. There would be
two GBO3 prices (determined by N2EX and the GB Price Coupling process) and two
NO2 prices (determined by N2EX and SDAC).

4.21. While Option 2 seems more feasible from a governance perspective than Option 1,
the attractiveness of Option 2 would mostly depend on two factors:

o Sustainability of two prices in a GB zone: Statnett has examined the
implications of having two prices for NO2 and found that the adverse effects
of having two outturn wholesale prices are limited, as long as the outturn
prices remain close to each other and there is no systematic difference in any
particular direction.®* Whether this is the case for the relevant GB zone would
largely depend on the liquidity in the zone and would need to be carefully
examined,;

142 We refer to N2EX as they are currently responsible for Price Coupling on NSL. However, in principle,
another party could take this role.

143 ‘NO2 and NSL auctions’, Statnett SF, November 2019 (link).
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o Anticipation of flows in subsequent markets: As the GB DAM, N2EX and the
SDAC are cleared sequentially, participants in earlier markets would have to
anticipate the flows and prices that are cleared in later markets. We assume
that as per NO Status Quo, the SDAC would clear last. However, it is an open
question as to which of the GB DAM or N2EX would clear first. It may be sensible
that the market that determines the larger volume of flows to/from the GB NSL
zone (GBO3 in the example above) would ideally be cleared first, as it is likely
to have a larger impact on the price formation in the zone. As it is likely that
the transmission capacity between the GB NSL zone and its BBZs within GB is
higher than NSL's capacity, the cross-zonal flows would likely have a larger
impact on the price formation in the GB NSL zone than flows on NSL.'*4 As such,
it appears to us that it would be more optimal to clear the GB DAM ahead of
N2EX.!5

4.22. However, Option 2 is not future proof against another IC being built between Norway
and GB that is connected not connected to the same GB and Norwar (“NO”) zone that
NSL is also connected to. We discuss why this is the case in more depth for the implicit
coupling between I-SEM and GB in the ID timeframe (see next section). Currently, two
ICs connect I-SEM and GB which could potentially connected to different GB zones. If
the existing implicit arrangements were not viable under this design, alternative
options may need to be considered. As a fallback option, the current implicit
arrangements on NSL could be replaced by an explicit arrangement.

Intraday market

4.23. We assume that under 7], the GB continuous IDM would run in parallel to the SIDC
continuous IDM, as it does under NO. We also assume that the current wholesale and
ID IC auctions would remain in place.

144 For instance, suppose GBO3 (the hypothetical zone that NSL connects to) has 5GW of transmission
capacity to GB02, 4GW to GB04, and 1.4GW to NO2 (NSL). If the GB03-NO2 coupled auction clears
first, market participants would be required to make assumptions on the outcome of the full-GB
coupled auction - in particular, the GB03 supply-demand balance when preparing their bid. The
GBO03 supply-demand balance would depend on both the local generation and demand, as well
as the direction and volume of flows towards GB02 and GB04, e.g. assumptions on up to 9GW (5GW
+ 4AGW) of intra-zonal transmission capacity. However, if the GB DAM cleared first, market
participants would only be required to make assumptions on the 1.4GW of flows on NSL that are
determined in the GB03-NO2 coupled auction — and as the lower volume (1.4GW vs 9GW). The
latter sequence of market clearings is likely to have less impact on the GB03 price formation.

148 |t appears to use that there is no case of running the market clearings simultaneously as then for
both market clearings the flows and prices of the other market clearing would need to be
anticipated. When sequentially clearing the market clearings at least for the outcome of the
market that is cleared first is known when clearing the second market.
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4.24. Akinto the DAM, no changes would be required to the process of explicit cross-border

4.25.

4.26.

4.27.

trading. The value of cross-border rights would similarly reflect the difference
between the GB zonal price and the price of the connected bidding zone (such that
IC capacity holders would need to forecast the GB zonal price rather than the GB
national price).

Under NO Status Quo, I-SEM is coupled with GB via the GB-Irish ICs in the ID timeframe
(under IDAT and IDA2). Similar to NSL at the DA stage, there are two options for I-SEM
to remain coupled with GB in the ID timeframe and a fallback option:

o Option 1: Integrate I-SEM and the GB-lIrish ICs into the GB ID Price Coupling
process (via IDAl and IDA2);

) Option 2: Keep the Price Coupling process of GB and Ireland separate from
the Price Coupling process of the GB zones;

o Fallback option: Move away from implicit coupling of I-SEM and GB and
instead introduce an explicit cross-border arrangement (in the DA or ID
timeframe).

Under Option 1, in contrast to the current arrangement where the IDAs coupling I-SEM
and GB are operated by SEMOpx, the IDAl and IDA2 prices in I-SEM would be
determined by the intra-GB MCO jointly along with ID prices in GB zones, flows
between GB zones and flows on all GB and I-SEM ICs. Similar to that described for NSL
in 94.19, the feasibility and attractiveness of this option from a GB perspective largely
depends on the implications of including a price zone in a foreign country in the GB
ID zonal Price Coupling process, and whether these are acceptable to GB. Similarly,
we assume it unlikely to be acceptable for Ireland and the EU to allow the intra-GB
MCO to determine the ID price for the |-SEM.

Under Option 2, IDA1 and IDA2 would cover I-SEM and the GB-Irish ICs (as per the
current arrangement). To the extent that the various GB-Irish ICs are connected to
different price zones in GB, IDA1 and IDA2 would need to cover all GB IC connecting
price zones. There would therefore be two prices in each of the connecting IC price
zones (one determined by the intra-GB MCO and one determined by the IDAs where
GB is coupled with the I-SEM). The same question arises which of the market coupling
process would run first. Considering the argumentation described in 914.21 that ideally
the market that determines the larger volume of flows to/from the GB-lIrish IC zones
would ideally be cleared first, it appears to us that it would be more optimal to clear
the intra-GB MCO ahead of the GB-Irish coupling.
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4.28. Trade-offs for Option 2 mirror the ones for NSL, with the added complexity of multiple
ICs between GB and I|-SEM potentially connecting to different GB zones. The
concurrent clearing of the SEM with several GB zones via the GB-Irish coupling would
imply that (from time to time, though not necessarily always) specific directions of
flows between GB zones, which are not covered by the GB-Irish coupling, is assumed.
The determination of such cross-zonal flows via the GB-Irish clearing would interact
with the impilicit coupling of GB zones by the single GB MCO, which is a process that
takes place separately. In practice this could imply having to reserve cross-zonal
capacity within GB for the GB-Irish clearing which is highly likely to be complex and,
more importantly, inefficient.!4

4.29. Figure 4-5 below summarises the IDM under Z1. Options 1 and 2 are reflected in the
two possible designs for the GB IDM.

146 Once the Celtic IC is operational and I-SEM is physically connected to the SDAC, the market
coupling process between GB and I-SEM would also impact cross-zonal capacities in the SDAC
(e.g. there would be an electrical link between Ireland and the GB via zones that are part of the
SDAC), which would lead to the same issue.
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Figure 4-5: ID arrangements under Z1 Status Quo

Source: FTI Consulting

4.30. As per NO Status Quo, we assume that NESO would retain the ability to adjust IC flows
pre-GCT via countertrading or ex-ante capacity restrictions (see 9217). As
countertrading would take place in parallel with the GB IDM, measures would need to
be put in place to ensure that subsequent ID trades do not unwind the countertrades.

431. Compared to NO, we expect the need for countertrading (and/or capacity
restrictions) to decrease under Zl, conditional upon the zonal boundaries reflecting
intra-GB transmission bottlenecks.
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Post-gate closure time

4.32. We do not expect any changes to the current post-GCT arrangements under zonal
self-scheduling. No further cross-border trading would take place and only NESO
would be able to alter flows at this timeframe, using SO-SO trades or emergency
services as described in 912.19.

Z1 MRLVC

4.33. In this subsection, we set out how the MRLVC design (see Section NO MRLVC for more
details) could potentially work under the Z1 design (“Z1 MRLVC"). Effectively, this
section seeks to overlay zonal market design, as defined in Z1, on the MRLVC cross-
border arrangements. As explained above, we assume that when implemented, the
MRLVC would apply to all GB ICs (including NSL and the GB-Irish ICs) and would only
be implemented in the DA timeframe. “Hybrid arrangements”, e.g. applying MRLVC at
the DA stage and explicit arrangements in the ID timeframe, are outside the scope of
the report.

Forward market

4.34. The forward market for cross-border transmission rights under Z1 MLRVC would work
in a similar way as in Z1 Status Quo, where ICs can choose to participate in forward
auctions and offer capacity for various market timeframes.'¥’ As explained in 914.7:

o Market participants in GB and Europe would place bids in the auction for LTTRs
on JAO or potentially another platform, which would then publish the price for
the capacity of LTTRs offered in the auction.

. LTTRs can be PTRs (with UIOSI provisions) or FTRs, both of which would enable
market participants to hedge their positions between the relevant connected
GB zone and SDAC market;

o Market participants and IC capacity holders (though not IC owners
themselves) can also trade bilaterally in the forward market; and

o Market participants wishing to hedge their exposure to price differences
between a GB IC zone and other zones in GB, can procure transmission rights
between the relevant GB price zones, along with the LTTRs on ICs.

147 Currently, only IFA, IFA2, ElecLink, Nemo Link, Viking Link and BritNed participate in these auctions. In
principle, NSL and GB-Irish ICs could also participate.
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Day-Ahead market

4.35. Under Z], the MRLVC process on the European side would remain unchanged from NO
MRLVC. The process would only include order books for EU BBZs. Expectations of flows
between EU BBZs and other EU zones would still be calculated ahead of MRLVC and
fed into the process as a fixed (exogenous) input.

4.36. However, on the GB side, there are now two potential options on the geographical
coverage of order books that the PXs would submit into the MRLVC:

o Option 1: Submit order books for all GB bidding zones and NTCs between the
GB zones (or, alternatively, the necessary data for flow-based optimisation),
including GB zones that are not directly interconnected with other European
countries (noting this is asymmetrical relative to how flows between EU BBZs
and wider EU zones are treated); 48

o Option 2: Submit order books only for GB BBZs. In this option, net flows between
GB BBZs and other GB zones are forecasted and those forecasts are then
treated as fixed in the MRLVC process (this is symmetrical to how flows
between EU BBZs and wider EU zones are treated).

4.37. We visualise these two options in Figure 4-6 below.

148 A potential variation of this option is one where GB submits order books for all zones, but not the
NTCs between the GB zones. In this case IC flows would be optimised based on the national GB
price. We consider this variant to be suboptimal compared to Option 1 and only applicable if GB
NTCs cannot be accommodated in the MRLVC algorithm. However, if this was the case, then
Option 2 appears to be preferable and, as such we do not examine this potential variation further
in our report.
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1: Submit order books for all GB bidding zones 2: Submit order books for EU connected GB zones only

Flows endogenously determined
(i.e. outputs of the MRLVC):
Flows exogenously determined
Legend (i.e. inputs to the MRLVC):

+——+ GB BBZ — EU BBZ flows +— EU BBZ — EU BBZ flows +— GB-GB flows GB BBZ-GB BBZ flows

+——= EUBBZ - EU flows GB BBZ- GB flows

Bidding zones: WM Order books input into MRLVC | | Order books not input into MRLVC

Figure 4-6: Options for GB zonal coverage under Z1 MRLVC

Source: FTI Consulting. Notes: The GB zones in the figure above are purely
illustrative. In these diagrams, the GB BBZs include: GBO2 (linking to I-SEM), GBO3
(linking to Norway), GB04 (linking to 1-SEM), GBO6 (linking to DK1), GBIO (linking to
the Netherlands, Belgium and France) and GBIl (linking to France).

4.38. The MRLVC process would be expected to run as follows:®

0] EU BBZ-EU Flow Forecast (light blue links in both panels of Figure 4-6) and,
only for Option 2, GB BBZ-GB Flow Forecast (yellow links in the right panel of
Figure 4-6): Akin to NO MRLVC, EU BBZ-EU forecasts would be run ahead of
SDAC market closure. Under Option 2, NESO would also forecast the net flow
between GB BBZs and other GB zones. Similarly to the EU BBZ—EU flows, these
would be exogenously fixed inputs in the MRLVC process. We provide an
example for the Viking Link below in Box 4-2.

149 ‘Responses from the TSO group to the technical questions on MRLVC’, ENTSO-E, 2023 (link):
Section 4.3.
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Box 4-2: Example of EU BBZ-EU flows and GB BBZ-GB flows for the
Viking Link (GB06-DK1)

As can be seen in Figure 4-6, the EU BBZ-EU flows for the Viking Link (GB06-DK1)
would be DK1-DE, DK1-DK2 and DK1-SE3 while the GB BBZ-GB flows would be GB06-
GB05, GB06-GB07 and GB06-GB09.

(ii) Calculation of the available IC capacity on the GB BBZ- EU BBZ borders (red
links in both panels of Figure 4-6), transmission capacity for the EU BBZ-EU
BBZ borders (green links in both panels of Figure 4-6) and: (i) all GB-GB
zonal borders (purple links in the left panel of Figure 4-6) for Option 1; or (ii)
the GB BBZ-GB BBZ borders (pink links in the right panel of Figure 4-6) for
Option 2: The available IC capacity on GB BBZ-EU BBZ ICs for market
participants is also determined by NESO and the BBZ TSOs prior to DA market
closure, and the lower IC capacity figure calculated by either side will be
made available to the market. The European TSOs must also provide the
transmission-related parameters™® for the EU BBZ-EU BBZ borders. Under
Option 1, NESO must calculate the transmission-related parameters for the
borders between all GB zones. Under Option 2, NESO must calculate the
transmission-related parameters for any GB BBZ-GB BBZ border, as those are
the only zonal boundaries in GB for which the flows are endogenously
determined in the MRLVC. We provide an example for the Viking Link in Box 4-3.

Box 4-3: Example of EU BBZ-EU BBZ flows and GB BBZ-GB BBZ flows
for the Viking Link (GB06-DK1)

As can be seen in Figure 4-6, due to the BritNed (GBI0-NL), DKI-NL is an EU BBZ-
EU BBZ . Similarly, due to NSL (GB03-NO2), DKI-NO?2 is also an EU BBZ-EU BBZ .
Finally, the only GB BBZ-GB BBZ would be GB06-GB04 due to the presence of
EWIC (GB0O4-1-SEM).

(i) Common Order Book submission: After the DA market closure, the relevant
market operators in GB and EU BBZs submit the Common Order Book to the
operator of the MRLVC algorithm. Under Option |, this would cover zonal order
books for all GB zones, while under Option 2 this would only cover the zonal
order books for GB BBZs.

150 Transmission-related parameters can be available cross-zonal transmission capacities under
NTC or the relevant flow-based parameters.
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(iv) Submission of transmission data between EU BBZs: As per NO MRLVC, TSOs of
the EU BBZs would need to submit the relevant transmission data to facilitate
the optimisation of flows between EU BBZs as part of the MRLVC process.

(v) Submission of zonal GB transmission data: Under both options, NESO would
submit the transmission data required to optimise flows between GB BBZs as
part of the MRLVC process. Under Option 1, NESO would submit the similar data
for all borders between all GB zones.

(vi)  MRLVC algorithm: As shown on Figure 4-6, under both options, the algorithm
then optimises GB BBZ-EU BBZ, EU BBZ—EU BBZ and GB BBZ-GB BBZ flows, while
under Option 1the algorithm would also optimise all GB cross-zonal flows. The
MRLVC algorithm computes ‘zonal DA prices’ for EU BBZs under both options
and for all GB zones under Option 1 and GB BBZs under Option 2. These prices
are solely for the purposes of determining flows in the MRLVC optimisation.
The final DA prices are determined later separately by the relevant wholesale
markets in GB and in the EU.

(vii)  Submission of firm flows to SDAC and GB DAM: For the GB BBZ-EU BBZ ICs, the
(firm) flows from the MRLVC calculation are converted into PTOs™ and sent to
relevant market operators for validation. The PTOs are then submitted to the
GB DAM and SDAC respectively. None of the other optimised flows in the
MRLVC are converted into PTOs as they are re-optimised in the subsequent
Price Coupling auctions (e.g. GB DAM, GB IDM, SDAC, SIDC).

4.39. As discussed above in 14.2, flows between zones can be determined using NTC or
flow-based approaches. In the EU, for the EU BBZ to other EU BBZ flows (e.g. between
France and Belgium), the flow-based approach is currently used. We assume that
the MRLVC algorithm will deploy a consistent approach to these flows.

4.40. On the GB side, there is also a choice between NTC- and flow-based approaches.
While there are pros and cons to both, for consistency it seems important that the
same approach should be used for the MRLVC algorithm and for subsequent GB DAM
clearing.’®?

51 To guarantee that PTOs are cleared in the DA schedule PTOs for imports to GB represent additional
generators at the bottom of the merit order, who submit offers to the market at the lowest price
allowed by the market operator, while PTOs for exports from GB represent additional non-flexible
demand in the clearing algorithm priced at the VOLL.

152 Deploying different approaches for the calculation of flows which serve as inputs into the MRLVC
and for the clearing of the GB DAM would likely lead to an increased commercial under-utilisation
of the relevant ICs.
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Evaluation of options

4.4].

4.42.

4.43.

4.44.

4.45.

Since the TCA does not explicitly describe which order books from GB should be
submitted into MRLVC,"®® while it also allows for the submission of ‘network capacity
data’ into the implicit allocation process,®* we consider both Option 1 and Option 2 to
be compatible with the TCA.

Overall, it appears to us that Option 1is more credible and practicable. While being
more computational complex, it seems likely more future-proof and would more
likely result intuitive flows. However, we note that the extent of the difference between
Option 1 and Option 2 will depend on the number of zones and ICs in GB — if GB only
has a few zones and most of them have ICs to Europe, both options would be very
similar.

Option 1is considered more future proof as it be better at accommodating future ICs
connecting to GB (even if they come into a “new” zone that was previously not
connected to Europe) and a potential rezoning of GB zones. Future ICs connecting to
GB or rezoning of the GB zones is unlikely to require significant changes to the MRLVC
process under Option 1, whereas under Option 2, the MRLVC process would need to
be updated, which could be a time-consuming process and would introduce
additional regulatory risk, especially for new ICs.

As well, the MRLVC would also need to be able to accommodate the significant levels
of intra-GB transmission investment planned in GB, which could increase the
interdependencies of flows between zones. As the GB transmission network becomes
more ‘meshed’ (that is, each GB zone is directly connected to multiple other GB zones
via bootstraps like Eastern Green Link 2), it would become harder to exogenously
forecast the flows between GB BBZs and other GB zones.

Option 1is more likely to result in intuitive flows, as it would allow all GB interzonal flows
to be optimised as part of MRLVC. Under Option 2, GB BBZ-GB zonal flows need to be
forecasted, which can be complex and potentially lead to errors that could impact
the GB BBZ-EU BBZ IC flows computed by MRLVC.

158 ‘Commercial bids and offers for the day-ahead market timeframe from relevant day-ahead
markets in the United Kingdom’, Trade and Cooperation Agreement, December 2020, (IiLk), Annex
29, page 7.

154 ‘Network capacity data and system capabilities determined in accordance with the procedures

agreed between transmission system operators’, Trade and Cooperation Agreement, December
2020, (link), Annex 29, page 7.
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4.46. However, Option 1 is likely computationally more burdensome. Option 2 therefore
provides a fall-back option in case Option 1is not compatible with the MRLVC time
frame. For example, under the example zonal arrangements shown in Figure 4-6
above, Option 1 would require MRLVC to optimise 18 bidding zone borders within GB,
rather than only 4 under Option 2. On the other hand, the occurrence of commercial
under-utilisation of ICs under Option 2, including counterintuitive flows, would be
expected to be higher with more GB zones in place because correctly estimating
flows between GB BBZ-GB zones is complex.

Intraday market

4.47. The MRLVC isintended to be a DA trading solution and potential post-Brexit ID trading
arrangements have yet to be explored. However, the same considerations as
discussed in the DA frame would apply to the ID timeframe. Given the uncertainty, as
per NO MRLVC, we do not explore this further.

Post-gate closure time

4.48. As per Z1 Status Quo and NO MRLVC, we do not expect any changes to the current
post-GCT arranguments under either zonal self-scheduling or through implementing
MRLVC at the DA stage. No further cross-border trading would take place and only
NESO and connected TSOs would be able to alter flows at this timeframe, using SO-SO
trades or emergency services.

Z1 Price Coupling

4.49. In this subsection, we set out how Price Coupling (see NO Price Coupling for more
details) could potentially work under the Z1 design (“Z1 Price Coupling”). Effectively,
this section overlays the Z1 market design assuming that GB is fully price coupled with
the EU. As explained above, we assume that if implemented, Price Coupling would
apply to all GB ICs (including NSL and the GB-Irish ICs).

Forward market

450. Similarly to NO Price Coupling and N1 Price Coupling, we assume that GB would
participate in the forward market for cross-border transmission rights the same way
as other European countries. NESO, along with the European TSOs, would perform
forward calculations of capacities on the cross-border ICs to determine the available
amount of IC capacity for LTTR allocation.
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45]. Assuming that under Price Coupling, GB must follow the relevant EU regulations

covering the IEM unless exemptions are granted, ICs would likely be required to offer
IC capacity in the forward timeframe per FCA GL:'®®

o Market participants in GB and Europe would place bids in the auction for LTTRs
organised through the JAO™®, which would then publish the price for the
cross-border transmission capacity of LTTRs offered in the auction;

° As under NO, LTTRs can be PTRs (with UIOSI provisions) or FTRs, both of which
would enable market participants to hedge their positions between the
relevant GB IC zone and the SDAC market;

o Market participants and IC capacity holders (though not IC owners
themselves) can also trade bilaterally in the forward market; and

o As under Z1 Status Quo and Z1 MRLVC, market participants that wish to hedge
their exposure to price differences between a GB IC zone and other zones in
GB, can obtain transmission rights between the relevant GB price zones, along
with the LTTRs on ICs (for more detail see 14.2).

Day-Ahead market

452. As described in 14.2, for there to be full Price Coupling between GB and Europe, the

GB DAM would be effectively merged into SDAC.

4.53. As discussed in NO Price Coupling, for GB to become part of the SDAC, GB market

design would need to comply with the CACM GL unless exemptions are granted. The
CACM GL requires cross-zonal borders in the I[EM to be part of CCRs in which the
relevant TSOs coordinate the calculation of transmission capacity within a region
(either using the NTC or flow-based approach).’s’

155

156

157

The FCA GL states in Art. 30(1) that: “TSOs on a bidding zone border shall issue LTTRs unless the
competent regulatory authorities of the bidding zone border have adopted coordinated decisions
not to issue LTTRs on the bidding zone border. When adopting their decisions, the competent
regulatory authorities of the bidding zone border shall consult the regulatory authorities of the
relevant CCR and take due account of their opinions.” Further in Art. 30(3) it is stated that: “The
decisions pursuant to paragraphs 1 and 2 shall be based on an assessment, which shall identify
whether the electricity forward market provides sufficient hedging opportunities in the concerned
bidding zones [..]".

The mandatory use of JAO applies only to long term capacity sales as stating in the FCA GL, short-
term sales of cross-zonal transmission capacity can be organised on other platforms.

For example, before Brexit, the GB and I-SEM markets were part of the IU CCR. The TSOs involved
were EirGrid, Moyle Interconnector, NGET and SONI (link).
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4.54. We assume that under Z1 Price Coupling, the pre-Brexit Channel and IU CCRs would

4.55.

4.56.

be reinstated,'*® and that the CCRs would retain the NTC methodology for calculating
capacity on the GB ICs. In addition, we anticipate that a new CCR would be created
to cover the cross-zonal borders within GB (“GB CCR”), where NESO would be the sole
entity that determines the available commercial cross-zonal transmission capacity
for the market coupling process.

In defining the transmission capacity NESO would have the choice between using the
NTC or flow-based methodology (discussed above in 94.2). The CACM GL allows for
both methodologies, but strongly recommends that the flow-based methodology
should be used for capacity calculations where “cross-zonal capacity between
bidding zones is highly interdependent”>® As the GB market covers one synchronous
areq, it is likely that GB cross-zonal capacities are interdependent (particularly if
there are many zones). Given this, it is likely that the GB CCR would use the flow-
based approach to optimise intra-GB cross-zonal capacity. The flow-based
approach is more complex and would likely be more computationally burdensome
for EUPHEMIA to process relative to if intra-GB zonal capacity would determined
based on the NTC approach.

PXs would submit the GB order books to the SDAC and the TSOs operating
transmission lines that are part of the respective CCRs would be responsible for
providing the necessary transmission data:

. Channel CCR (NESO and bordering European TSOs): NTCs of NSL and the
Northwestern ICs;

. IU CCR (NESO, Eirgrid and SONI): NTCs of the GB-Ireland ICs; and

° GB CCR (NESO): either available NTC or transmission-related parameters
required for flow-based optimisation between zones.

158 Reinstating a CCR has so far not occurred in the EU but amending CCRs has been common

practice when new ICs come into operation, see e.g. the inclusion of NEMO in the Channel CCR in

2017 (link). However, we recognise that there may be alternative CCR designs available (e.g. not

necessarily directly reinstating previous CCRs).

159 Recital 7 of the CACM GL states that “The flow-based approach should be used as a primary

approach for DA and intraday capacity calculation where cross-zonal capacity between bidding

zones is highly interdependent.” As discussed in Footnote 135, AHC could also be implemented on

the GB-side of the IC if GB were to opt for the flow-based approach to allocate the GB inter-zonal

capacity.
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457. The EUPHEMIA algorithm would then simultaneously determine all zonal prices in GB
and Europe and flows between all price zones (including on ICs between GB and
Europe, and cross-zonal flows within GB). This is consistent with how the EUPHEMIA
algorithm currently operates in EU zonal markets, such as Italy, Norway and Sweden,
where it determines cross-zonal flows within those countries. The ICs between GB and
the connecting markets, for which the flows would be determined via the Price
Coupling algorithm would, by definition, be commercially optimally utilised (e.g.
always intuitive and, not accouting for transmission losses, used up to their pre-
determined maximum capacity).

Intraday market

458. Similar to NO Price Coupling, under Z1 Price Coupling all GB IDMs (continuous and
explicit auctions) would be integrated into (and hence replaced by) the SIDC IDAs
and ID continuous market. We also assume that the I-SEM would be integrated into
the SIDC, such that the currently price-coupled IDAs between GB and the I-SEM would
be discontinued. Also, for NSL, this would mean that it would no longer be price
coupled only on DA basis but both on a DA and ID basis.

4.59. Inline with the DA process described above, the relevant TSOs in the Channel, IU and
GB CCRs would provide the necessary transmission data, and PXs would submit the
GB order books to the SIDC (continuous and auctions). The SIDC would then jointly
determine all European zonal prices and flows, including GB zonal prices and cross-
zonal flows.

4.60. Pre-Brexit ID cross-border arrangements were explicit, which allowed for
countertrading with the connecting markets via IC capacity holders. If GB would also
join the SIDC, it is uncertain (both from legal and regulatory perspectives) whether
countertrading in the ID timeframe between GB and the connecting markets would
still be possible and how it could be implemented efficiently.'®®As countertrading
would take place in parallel with the SIDC, measures would need to be put in place
to ensure that subsequent SIDC trades do not unwind the countertrades.

180 Countertrading in the IDM currently in place between DK1 and Germany (TenneT) (link, link).
However, it is unclear whether such arrangement would easily be replicated for GB and the
relevant connecting European market.
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4.61.

Compared to NO, we expect the need for countertrading to decrease under 7],
conditional upon the zonal boundaries reflecting intra-GB transmission bottlenecks.
Hence, in case there would be obstacles to allow for countertrading under Price
Coupling, the associated risks (e.g. having less options to resolve intra-GB
transmission constraints) would be less severe under Z1 compared to under NO.

Post-gate closure time

4.62.

4.63.

As per NO Price Coupling, we do not expect that Price Coupling under Z1 would require
any changes to the current post-GCT arrangements. No further cross-border trading
would take place during this timeframe, and only NESO would be able to alter flows
at this timeframe, using SO-SO trades or emergency services .

We further assume that cross-border BMs would need to be developed to be
compatible with EU balancing platforms. As discussed in Chapter 2, NESO has
previously considered various options for this.

Z1 Conclusions

4.64.

4.65.

In our discussion above, we have assessed the potential feasibility of combining
three selected cross-border arrangements (Status Quo, MRLVC and Price Coupling)
with the Z1 market design. In doing so, we have not sought to comment on the
preferred option(s) for cross-border trading arrangements nor on the desirability of
the 71 design itself. Rather, we have taken the 71 market design as given and
examined how different cross-border trading arrangements could be developed or
adapted to be compatible.

We find that the Z1 market design can be made compatible with Status Quo, MRLVC
and/or Price Coupling, although there are some material differences with the
functioning of these cross-border arrangements relative to the NO market design. We
summarise our conclusions below:

(i) All else equal, zonal wholesale market pricing will lead to_more optimal
scheduling of ICs from a GB system perspective compared to NO, across all

three types of cross-border arrangements (Status Quo, MRLVC and Price
Coupling). That is, the scheduling of ICs under a zonal market design is
expected to relieve rather than aggravate internal congestion in GB. The
extent to which Z1 indeed schedules ICs more in line with the GB system needs
would be driven by the extent to which the GB zones are aligned with the main
transmission boundaries of the system. Zonal pricing in GB could also impact
wholesale prices in connected EU markets and constraint volumes in I-SEM.
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(ii)

(i)

(iv)

Confidential

Under the Status Quo, we find that the explicit cross-border trading
arrangements are compatible with ZI. However, we find that the implicit
cross-border trading arrangement on NSL and the GB-Irish ICs would likely
need to be amended when moving away from national wholesale prices to
schedule ICs, with a fallback option being a return to explicit auctions for those
ICs. Such amendments would come at the expense of an efficiency loss from
having to replace the implicit trading arrangements on NSL and the GB-Irish
ICs, but this loss appears likely to be outweighed by the efficiency gains from
scheduling all ICs on zonal prices rather than on national GB wholesale prices
(via an explicit trading arrangement). It appears to us that the efficiency
gains of the latter would likely outweigh the efficiency loss of the former,
however, this would need to be examined further.

We find that MRLVC under ZI would work in a broadly similar way to NO. The
main difference is that the PXs would need to submit GB order books on a
zonal rather than national basis to the MRLVC algorithm, which has not yet
been examined in the ongoing discussions on the MRLVC design. We envisage
that there are two options for the geographical coverage of the order books
- they can cover all GB zones (Option 1) or only GB BBZs (Option 2). Our view
is that Option 1is more robust. Although the computational burden of Option
1is higher compared to Option 2, it is more future-proof and would reduce the
likelihood of counterintuitive IC flows.

Price Coupling is fully compatible with Z1. Compared to explicit cross-border

arrangements and MRLVC, there is no risk of commercial underutilisation of
the ICs. Relative to NO/NJ, Z1 is likely to be more computationally burdensome
for EUPHEMIA. This could prevent Price Coupling from being feasible as the EU
might choose to prioritise other updates to the algorithm over the integration
of GB zones. It is uncertain whether countertrading in the ID timeframe
between GB and the connecting markets would still be possible and how it
could be implemented efficiently. However, the associated risks (e.g. having
less options to resolve intra-GB transmission constraints) would be less
severe under Z1 Price Coupling compared to under NO Price Coupling as
constraints volumes are expected to be lower under Z1 Price Coupling.
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Z1 — Scheduling based on zonal wholesale prices

4.66. Scheduling of ICs under a zonal market design is expected to relieve rather than
aggravate internal congestion in GB leading to lower constraint volumes needing to
be resolved via the BM. The extent to which a zonal wholesale market design will
reduce the constraint volumes relative to NO will depend on the how well the zones
reflect internal transmission constraints in GB. Zonal market design with well-aligned

zones
costs

would be expected to significantly reduce constraint volumes and associated
(both for redispatching within GB as countertrading). The materiality of the

impact of zonal pricing on constraint volumes would need to be empirically tested.

4.67. Scheduling IC flows according to zonal prices could have implications for countries

that are interconnected with GB:

Confidential

Scheduling IC flows according to zonal prices would likely result in materially
different scheduled IC flows relative to the NO, which would in turn impact
wholesale prices in the connected European countries;

Depending on the zonal configuration in GB, the GB-Irish ICs would likely be
scheduled based on different zonal prices in GB (e.g. Scotland, Wales, North-
West England), which could potentially result in I-SEM acting as a “GB transit
network” between Scotland and South Wales. All else equal this could lead to
increased constraint volumes in the [-SEM.

Conclusion 1: All else equal, zonal wholesale market pricing will lead to more
optimal scheduling of ICs from a GB system perspective compared to NO,
across all three types of cross-border arrangements (Status Quo, MRLVC and
Price Coupling). That is, the scheduling of ICs under a zonal market design is
expected to relieve rather than aggravate internal congestion in GB. The
extent to which Z1 indeed schedules ICs more in line with the GB system needs
would be driven by the extent to which the GB zones are aligned with the main
transmission boundaries of the system. Zonal pricing in GB could also impact
wholesale prices in connected EU markets and constraint volumes in I-SEM.
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Z1 - Status Quo cross-border arrangements (explicit and implicit)
Explicit trading

4.68. The current explicit cross-border trading arrangements are compatible with ZI.
However, to the extent that zonal wholesale prices could (in some regions and in
some periods) become more volatile compared to national wholesale prices the
valuation of cross-border transmission rights could be affected. This could be either
a positive impact (if the potentially increased volatility led to wider price spreads
between the GB IC zone and the connected European zone), or a negative impact (if
the potentially increased volatility discouraged trading). The balance of these two
impacts would need to be further assessed empirically. Assuming that the volatility
of wholesale prices of the SDAC zones is not materially impacted by GB having a
zonal rather than a national wholesale market in place, we expect that the level of
forecast error of SDAC prices, and therefore the likelihood of commercial under-
utilisation of the ICs (including the counterintuitive flows) to be similar as under NO.

Implicit trading at DA — NSL

4.69. The current implicit cross-border trading arrangement for NSL at the DA stage can
be continued under Z1 but would need to be adapted. The clearing of NSL flows could
either be integrated into (Option 1) or could be kept separate (Option 2) from the
intra-GB Price Coupling process. As Option 1 would likely result in governance
challenges (e.g. GB is unlikely to accept involving Norway in the development of the
intra-GB market coupling process), Option 2 appears to us to be more credible.

4.70. Under Option 2, there would be dual prices in both the GB IC zone where NSL connects
and NO2. There is precedent for dual NO2 prices, and Statnett has indicated that there
is sufficient liquidity in NO2 to sustain two prices, but the full impact of such a dual
price in a GB zone would need to be examined carefully before proceeding with this
option.”®

181 Similarly as this has been studied by Statnett before launching the current implicit coupling
between GB and NO2 via NSL (link).
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4.71.

4.72.

4.73.

We assume the SDAC to be the market that is cleared last, but it is an open question
as to which of the GB DAM or the market clearing in which the GB IC zone and NO2
are implicitly coupled (currently performed by N2EX) would be cleared first. As the
markets are cleared sequentially, participants in earlier markets would have to
anticipate the flows and prices that are cleared in later markets. As such, the market
that determines the larger volumes of flows to/from the connecting GB IC zone would
ideally be cleared first, as it likely has a larger impact on the price formation in that
zone.

Assuming the inter-zonal transmission capacity between the GB IC zone and the
bordering GB zones is larger than the transmission capacity of NSL (and hence the
cross-zonal flows would likely have a larger impact on the price formation in the GB
IC zone than the flows on NSL), it would seem preferable to clear the GB DAM before
the market clearing in which the GB IC zone and NO2 are implicitly coupled.

While we deem Option 2 for NSL to be, at least in principle, workable, we do not
consider it future proof to new ICs between Norway and GB that connect to different
GB/NO zones than NSL. This is because the cross-zonal capacity within GB and
Norway would need to be reserved for the separate market coupling process
between GB and Norway, which is likely to be inefficient.

Implicit trading at ID — GB-lIrish ICs

4.74. We do not regard the current implicit cross-border trading arrangement with the |-

4.75.

4.76.

SEM at the ID stage to be compatible with Z1. Similar to NSL discussed above, the
clearing of GB-Irish IC flows can either be integrated into (Option 1) or kept separate
from (Option 2) the intra-GB Price Coupling process. We find Option 2 more credible
for the governance reasons discussed above in 14.69.

However, the implementation of Option 2 for the GB-Irish ICs is more complicated
compared to for NSL because there are already multiple GB-Irish ICs that would likely
connect to different GB zones. Similar to that discussed in 914.73, this means that
cross-zonal capacity in GB would need to be reserved for the market coupling
process between GB and I-SEM, which is likely to be inefficient.

Considering these complications with the implicit coupling of NSL at DA stage and I-
SEM at ID stage under Z], alternative options may need to be considered. As a fallback
option, the cross-border arrangement for these ICs would have to revert back to an
explicit cross-border trading arrangement. We expect that the efficiency gains from
scheduling all ICs on zonal rather than national GB wholesale prices (albeit via an
explicit cross-border arrangement) would outweigh the efficiency loss from having
to replace the implicit trading arrangements on NSL and the GB-Irish ICs. However,
this trade-off would need to be empirically further investigated.
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Conclusion 2: Under the Status Quo, we find that the explicit cross-border
trading arrangements are compatible with Z1. However, we find that the implicit
cross-border trading arrangement on NSL and the GB-lIrish ICs would likely
need to be amended when moving away from national wholesale prices to
schedule ICs, with a fallback option being a return to explicit auctions for those
ICs. Such amendments would come at the expense of an efficiency loss from
having to replace the implicit trading arrangements on NSL and the GB-Irish
ICs, but this loss appears likely to be outweighed by the efficiency gains from
scheduling all ICs on zonal prices rather than on national GB wholesale prices
(via an explicit trading arrangement). It appears to us that the efficiency gains
of the latter would likely outweigh the efficiency loss of the former, however, this
would need to be examined further.

Z1 - MRLVC

4.77.

4.78.

Under Z1, the MRLVC process on the European side would remain unchanged from NO
MRLVC. On the GB side, PXs would need to submit GB order books on a zonal rather
than national basis to the MRLVC algorithm. There are two options for the
geographical coverage of the order books: (i) all GB zones (Option 1); or (ii) only GB
BBZs, while providing forecasts for the flows between GB BBZs and other GB zones
(Option 2). The extent of the difference between Option 1 and Option 2 will depend on
the number of zones and ICs in GB — if GB only has a few zones and most of them
have ICs to Europe, both options would be very similar.

Overall, Option 1 seems more practical and credible than Option 2. Although Option 1
would increase the computational burden of the MRLVC algorithm to some extent, it
is more future proof to additional interconnection and intra-GB transmission
investment. Option 1 also has lower likelihood of the commercial under-utilisation of
ICs, as it would allow for all GB interzonal flows to be optimised as part of the MRLVC.

Conclusion 3: We find that MRLVC under Z1 would work in a broadly similar way
to NO. The main difference is that the PXs would need to submit GB order books
on a zonal rather than national basis to the MRLVC algorithm, which has not yet
been examined in the ongoing discussions on the MRLVC design. We envisage
that there are two options for the geographical coverage of the order books —
they can cover all GB zones (Option 1) or only GB BBZs (Option 2). Our view is
that Option 1is more robust. Although the computational burden of Option 1 is
higher compared to Option 2, it is more future-proof and would reduce the
likelihood of the counterintuitive flows on the ICs.
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Z1 — Price Coupling

4.79.

4.80.

4.81.

4.82.

Under Z1 Price Coupling, we assume that GB would become part of the SDAC and
would have to comply with the CACM GL, which requires IEM cross-zonal borders to
be part of CCRs. We assume that the pre-Brexit Channel and IU CCRs would be
reinstated, and that the CCRs would retain the NTC methodology for calculating
capacity on the GB ICs. In addition, we anticipate that a new GB CCR would be
created to cover the cross-zonal borders within GB where NESO would be the sole
entity that determines the available commercial cross-zonal transmission capacity
for the market coupling process (likely using the flow-based methodology).

Compared to the other possible cross-border arrangements, Price Coupling is fully
compatible with Z1 with the key advantage being that, by definition, there would not
be any counterintuitive flows between GB and the SDAC. In addition, ICs that are
scheduled based GB zonal prices would be better aligned with system needs
compared to NO Price Coupling.

Z], relative to NO, is likely to lead to an increased computational burden for EUPHEMIA.
This would be especially the case if the GB CCR adopts the flow-based approach to
allocate capacity between the GB zones, as this is more complex than the NTC
approach. This could prevent Price Coupling from being feasible as the EU might
choose to prioritise other updates to the algorithm over the integration of GB zones.
For example, the MTU change could extend the EUPHEMIA timelines and
computational intensity to the point that it would not be able to accommodate GB
zones.

If GB would also join the SIDC, It is uncertain whether countertrading in the ID
timeframe between GB and the connecting markets would still be possible and how
it could be implemented efficiently. However, the associated risks (e.g. having less
options to resolve intra-GB transmission constraints) would be less severe under 71
Price Coupling compared to under NO Price Coupling as constraints volumes are
expected to be lower under Z1 Price Coupling.
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Conclusion 4: Price Coupling is fully compatible with Z1. Compared to explicit
cross-border arrangements and MRLVC, there is no risk of commercial
underutilisation of the ICs. Relative to NO/NI, Z1 is likely to be more
computationally burdensome for EUPHEMIA. This could prevent Price
Coupling from being feasible as the EU might choose to prioritise other
updates to the algorithm over the integration of GB zones. It is uncertain
whether countertrading in the ID timeframe between GB and the connecting
markets would still be possible and how it could be implemented efficiently.
However, the associated risks (e.g. having less options to resolve intra-GB
transmission constraints) would be less severe under Z1 Price Coupling
compared to under NO Price Coupling as constraints volumes are expected
to be lower under Z1 Price Coupling.
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5. N3: Central scheduling with national wholesale pricing

In this chapter, we discuss how the status quo cross-border trading arrangements,
MRLVC and Price Coupling could potentially work under the N3 market design, in which
GB retains national wholesale pricing but moves to central scheduling. We start with a
section introducing the key market design assumptions and a section describing the
different prices that can be used to schedule IC flows under N3.

Key market design assumptions

51. NESO's view of the N3 strawman dispatch model is set out in Figure 5-1.

Market Decisions System Operator / Market Operator Co-ordination
g Bilateral trading is financial cnly\L
£ N )
z‘ Financial trading
Bilateral
trades |
‘E !
] g Trades settled at DA
.E G market clearing price
B
=%
a o .
Mult-part bid: Self- DA schedules | | | Self- Unit
energy and ancillary schedule and ancilla ' hedul Multi- Advisory 5-min
. N ry ¢ | schedule . commitment )
g services (optional) services b | (optional) part bid schedules instructions dispatch
o = .
=8 . Day-ahead ~ -k = Real-time SC
= H mEr:itTi;Z?n = SCuC » Dy, ahiad “':'t : lei?:lld‘iﬂr:" = — Real-time SCUC optimisation —  economic
8 H 9 optimisation COmMITICHTY | 9 dispatch
:° | '
o MO/SO uses SCUC to produce ; T RTM becomes the only
financially binding schedules ' market for physical dispatch
Forward Day-Ahead market Real-time market
. . P . .
Figure 5-1: NESO's view of N3 market design
Source: ‘REMA Dispatch Options Webinar Pre-read’, NESO, 2024 (link): Figure 14.

5.2. The key market design assumptions under the N3 market design are as follows:'®?

o Forward trading is purely financial. We assume that IC owners and IC capacity
holders also only take part in financial trading, and no physical nominations on ICs
can take place at any stage other than RT;

o Market participants (e.g. traders) submit bids for each of their units in the GB DAM,
rather than a portfolio of assets. Unit-based bidding uses ‘multi-part bids’, which
include technical and commercial details (e.g. start-up costs, shut-down costs and
no-load costs), availability (e.g. accounting for outages), prices and volumes;

162 ‘REMA Dispatch Options Webinar Pre-read’, NESO, 2024 (link): 4.6
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o The DA central schedule is defined through the Security Constrained Unit
Commitment (“SCUC”) process, which determines the optimal schedule of
participating assets so that the power system delivers minimum system cost while
respecting physical and security constraints;?

o We assume that the DA central schedule is ‘binding’, and that there are rules in
place that prevent systematic re-bidding that could unwind the DA schedule (and
in particular that would unwind the position that central schedule identified to
address intra-GB transmission constraints);s4

o The central scheduling process produces two sets of GB wholesale electricity prices:
(i) shadow nodal prices, which are used to schedule all generation; and (i) a would-
be GB ‘unconstrained’ national price™®® which is used to determine how much load
pays to generation;'s61’

163

164

165

166

167

There is the opportunity for NESO to also introduce the co-optimisation of ancillary services (“AS”) with
the energy schedule at DA stage. We do not consider the decision about whether co-optimisation of AS
and energy is introduced to be vital for the evaluation of cross-border arrangements and do not examine
this variant further in this report.

Different options available in principle — e.g. penalties for deviation tied to the transfer compensation or
to the shadow nodal prices; or a physically binding DAM. We are agnostic as to the specific form that the
‘binding’ feature takes, but we assume that market participants do not systematically take positions
‘against’ the intra-GB transmission constraints. Experiences with avoiding such issues exist in Italy that
currently has hybrid scheduling with zonal pricing in place. With hybrid scheduling being defined as the
running of a SCUC in a forward timeframe (DA or ID) with: (i) exogenously determined flows on the
relevant cross-border transmission elements (in the case of Italy scheduled based on zonal wholesale
price via the SDAC or SIDC IDAs which precede the SCUC); and (ii) the objective of the SCUC being the
minimisation of transfer compensations rather than total scheduling costs.

This is akin to that used in the former GB pool. Source: ‘REMA Dispatch Options Webinar Pre-read’, NESO,
2024 (link): 4.6.

In contrast, all US ISOs and New Zealand where central scheduling is in place apply nodal pricing. By
applying nodal pricing there is no need to introduce transfer payments.

Relative to the current market design (NO) the potential benefit of central scheduling with a national
wholesale price (N3) could be: (i) A reduction in the volume of redispatch actions required in RT by
allowing the NESO to make use of assets that may not be available closer to RT (such as thermal plant
with long start-up times; and (i) A reduction in the cost of redispatch actions. This would be the case if
NESO was able, at the DA stage, to make use of assets that are available at lower cost if such a need is
signalled ahead of time. More generally, the cost of redispatch is likely to be lower at DA stage than close
to RT, given the additional costs (e.g. the ability of resources to earn extra additional infra-marginal rents
in the BM) involved in rescheduling in tight timeframes. Another benefit of central scheduling is that it
facilitates the introduction of the co-optimisation of energy scheduling and ancillary services.
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o The ‘'unconstrained’ national GB price would be determined by performing a market
clearing using the same bids and offers as in the SCUC processes but without
consideration of intra-GB transmission. To determine the scheduled flows on the ICs
in this ‘unconstrained’ market clearing, the bids/offers from the DA IC capacity
holders could be used for N3 Status Quo.'®® For N3 MRLVC, the scheduled IC flows as
determined by the MRLVC algorithm could be used. For N3 Price Coupling, the IC
scheduled flows as determined by EUPHEMIA could be used.

o Under the N3 design, market participants have the option to submit simple or multi-
part bids or self-schedule (and become price takers). We assume that market
participants are compensated via transfer payments such that they have an
incentive to be centrally scheduled. In case no transfer payments were in place,
market participants who are expected not to be centrally scheduled could have an
incentive to self-schedule based on their expectations on the unconstrained GB
price.'®®

o Complementing revenues from receiving wholesale price, there are two potential
forms of transfer payments that generation/storage units can receive:”

— Assets that are scheduled to operate but are loss-making when receiving the
‘unconstrained’ price are assumed to be paid a top-up to make them whole. This is
an essential feature of centrally scheduled markets without nodal pricing in place.
Without such top-up payment the SO would potentially be committing market
participants to operate below-cost, which would induce inefficient exit from the
market;"”!

168 Alternatively, the ICs as scheduled in the GB SCUCs can be used as an exogeneous input in the

169

170

7

unconstrained GB zonal DAM clearing.

This would be that for example when a unit is expected not to be centrally scheduled due to intra-GB
transmission constraints but has a marginal cost that is lower than the GB unconstrained price.

These are akin to the constraint payments in the former GB pool. See ‘Pool Reform and Competition in
Electricity’, Newbery, D. M. (1997) (link)

These top-ups are different from “side payments” that are in place in US ISO markets to recover non-
convex costs (e.g. start-ups). Side payments are granted in case the nodal clearing price does not suffice
to cover those non-convex costs. In US ISO markets, unless for must-run reasons (e.g. local voltage or
stability issues), the nodal clearing price will always be higher than the variable bid (in £/MWh, e.g. short-
run marginal cost) of any scheduled asset. This is not the case with transfer payments where the
unconstrained price can be lower than the variable bid (in £/MWh, e.g. short-run marginal cost) of a
scheduled unit. An example is a thermal generator in the South of GB that is scheduled while there is a lot
of wind generation in the North of GB. The high wind generation in the North is partly undeliverable but
depresses the unconstrained price.
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— Similarly, assets that are not scheduled to operate but would have been scheduled
in a hypothetical ‘unconstrained’ schedule are compensated for the foregone
revenues. Unlike the point immediately above, this particular feature is a design
choice. Alternative approaches are possible where such a compensation is not
made (although we would note that these might have some perverse incentives on
participant bidding behaviour).”2

o The current N3 design is assumed not to have an ID timeframe, but it is recognised
that this could potentially be introduced in the future.”? 74 Where relevant, we refer
to this possibility in the detailed description below, but do not examine the
associated detailed market design;

o The balancing RT market is the only physical market that determines which assets
are dispatched; and

o Depending on the design variant of the cross-border element, IC capacity holders
may be required to bid into the wholesale market. This is explored in the relevant
sections below.

172

173

For example, there are no such compensations in Australia where central scheduling is in place, but zonal
state-wide prices are used for the settlement of market participants. In other words, under such
implementation the access to the transmission network is non-firm. Everything else equal, non-firm
transmission access rights would reduce total transfer payments to be paid out by NESO but would lead
to important revenue impacts for existing assets which would likely lead to increased risk for new
investments. In addition, the lack of compensations would likely trigger gaming in case self-scheduling
is allowed and bidding distortions when self-scheduling is not allowed. The latter is referred to as
“disorderly bidding” where generators that anticipate not to be scheduled due to transmission
constraints would offer at very low prices to ensure being scheduled potentially leading to a suboptimal
schedule. For these reasons, we assume compensation for units that would have been scheduled in the
‘unconstrained’ schedule but are not in the SCUC. For more detail, see: FTI Consulting, 2021. Forecast of
congestion in NEM. Presentation for ESB (link).

Alternatively, the market and operational arrangements that we described under “day ahead” could be
moved forward to a point closer to delivery. However, moving all DA arrangements closer to delivery
would impact the sequence of procedures in GB and the EU, which we do not discuss in detail here.

74 US I1SOs with central scheduling place have processes such as Reliability Unit Commitments (“RUC”), to

make significant modifications to the schedule before the RT market. For example, when an outage
occurs the ISO can commit additional units ahead of the RT market which would otherwise be too slow to
respond on a short notice. Units can adapt their RT market offers/bids prices up to the GCT to better reflect
changing system conditions (for example ID gas price swings).
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Prices used to schedule IC flows

53. Under each N3 cross-border trading arrangement, there are two potential options that
NESO could use to schedule ICs:

o Option 1: Based on the price difference between the GB shadow nodal price at their
landing point and the wholesale price in the connected market.

o Option 2: Based on the price difference between GB national unconstrained price
and the price in the connected market, which is consistent with the status quo and
how the IC capacity holders currently earn congestion rents.

5.4. Under Option 1, where ICs are scheduled based on the shadow nodal price in GB, the IC
flows would be determined based on the same information as other GB assets as part of
the central scheduling process. This would ensure flows on ICs to be scheduled in the “with-
price” direction with respect to shadow nodal prices in GB and the (forecasted) wholesale
price of the connected market (“scheduling price differential”). As such, the IC flows would
be scheduled optimally with respect to the GB system needs. This means that the ICs could
be on purpose counterintuitively scheduled, e.g. flowing against the commercial price
differential but in line with the shadow nodal GB prices."” However, the IC congestion
revenues would be settled based on the commercial price differential. This would mean
that under Option 1 central scheduling could lead to uneconomic flows from the
perspective of IC capacity holders or owners (depending on the cross-border
arrangements) that are scheduled to be importing or exporting during those hours.

5.5. Considering the potential misalignment between the scheduling price differential and the
commercial price differential, NESO would likely need to pay transfer payments to ensure
IC capacity holders or owners earn the same revenues they would have earned if the IC
were scheduled based on the commercial price difference.”® Not providing such transfer
payments could encourage inefficient exit and discourage efficient entry. Conceptually,
transfer payments consist of two components (as illustrated in Box 5-1 below):

° Payments to compensate IC capacity holders or owners for the negative
congestion rents incurred for flowing against the commercial price differential; and

75 A simple example is a situation where the GB unconstrained wholesale prices is £30/MWh, and the
connected market's price is £50/MWh, such that the “commercial price differential” is £20/MWHh. If the
prevailing shadow GB nodal price in the same period if £100/MWh for a given IC, then the central
scheduling process would schedule the IC to flow from EU towards GB, which would be “with price” with
respect to the GB shadow nodal price, but “against price” with respect to the GB unconstrained price.

178 The cost of these transfer payments under Option 1 would need to be empirically estimated, but could be
lower than the additional scheduling costs (relative to the cost of a schedule that is optimal from a GB
system perspective) under Option 2.
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o Payments to compensate IC capacity holders or owners for foregone revenues —
that is, the revenues they would have earned if ICs were instead scheduled based
on the unconstrained national GB price.

Box 5-1: Worked example of transfer payments to ICs

Suppose there exists IGW of IC capacity between GB and Europe. In a given hour, the
wholesale price of electricity is £60/MWh in Europe. In GB, the unconstrained national price
is £10/MWh, but the shadow nodal price at the point of IC connecting to GB is £100/MWh.

If the IC is scheduled based on the unconstrained national price in GB, it would flow from
GB to Europe. The congestion rent arising on the cable in that hour would be £50,000
(determined based on the differential of the Europe price of £60/MWh and GB price of
£10/MWh) and would be received by the IC capacity holder in the GB to Europe direction.”’

] L Schedule price £1 £
= LS (national) 0 60
Pop = £10 Pey = £60 ial ori
EU = Commercial price
(national) £10 £60
/>\
\_/ Congestion revenues: 1,000MW *
1GW (£60 - £10) = £50,000

If the IC is scheduled based on shadow nodal prices in GB, however, it would instead flow
from Europe to GB. As the commercial price in Europe of £60/MWh is higher than that in GB
of £10/MWh, this results in negative £50,000 congestion rents arising on the cable for the
IC capacity holder in the GB to Europe direction.”®

To make the IC capacity holders whole, they would need to be compensated £100,000
comprising of: (i) £560,000 to compensate the Europe-to-GB IC capacity holder or IC owner
for the “negative congestion rent”; and (ii) £50,000 for the congestion rents that the GB-
to-Europe capacity holder or IC owner would have earned if it was instead scheduled
based on the unconstrained price.”®

1”7 Depending on the cross-border arrangement, this could be as well the IC owner.

178 For simplicity, we assume that the price in Europe is not impacted by the IC flowing against the
commercial price differential.

178 |n this scenario, if the IC were instead scheduled based on unconstrained GB price, the scheduled flows
on the IC could aggravate intra-GB congestion. Compensating IC capacity holders (or IC owners) at the
DA stage due to counterintuitive flows resulting from scheduling based on shadow GB nodal (leading to
reduced intra-GB congestion) is likely a less costly solution than having to schedule assets around sub-
optimal IC flows and/or potentially having to redispatch the IC or other assets close to RT.
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] L Schedule price
] |~ (shadow nodal) £100 ~ £60
P.s = £100 P. = £60 o
U= Commercial price
(national) £10  £60

(<)

\/ Congestion revenues: 1,000MW *

16W (£10 - £60) = -£50,000

5.6. Scheduling ICs at the DA stage based on shadow nodal prices could potentially bring
benefits compared to scheduling them on the basis of unconstrained GB prices. This should
(other things being equal’®) reduce the cost of the GB schedule. This is because it would
enable NESO to create a least-cost schedule across all assets in GB (e.g. including intra-GB
and cross-border assets) that respect the physical constraints on the GB network, to the
extent these are known at the DA stage. In contrast, when scheduling ICs based on
unconstrained prices, GB assets would sometimes need to be scheduled “around” IC flows
that are not optimal from a GB system perspective. It is possible that some low-cost GB
assets might not be scheduled due to intra-GB physical constraints that arise due to these
sub-optimal IC flows. As well, this could potentially lead to an infeasible schedule that
requires NESO to reschedule ICs and/or other assets directly after the DA SCUC.

5.7. However, it should be noted that there are also downsides associated with scheduling ICs
at DA stage based on shadow nodal prices, including increased complexity and the
difficulties of combining such scheduling with the different cross-border trading
arrangements (as discussed further below). Moreover, the benefits of creating a least-cost
schedule at the DA stage (e.g. based on shadow nodal GB prices) need to be considered
relative to the size of forecast errors at the DA stage, as this would be a key factor in
considering the merits of central scheduling more generally (see Footnote 180).

180 We recognise that at DA stage not all constraints may be known. For example, uncertainty with respect
to RT demand and intermittent generation could mean that the DA schedule would not fully reflect the RT
supply and demand balance and in RT additional redispatching is required. The benefit of centrally
scheduling assets at DA stage relative to the benefits of enabling market participants to re-position
themselves up to GCT (e.g. the benefits of central vs self-scheduling) is an empirical question as is
examined in a separate study to this report.
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5.8.

5.9.

5.10.

Finally, we note that a direct consequence of scheduling ICs based on shadow nodal prices
is that IC schedules would be expected to be different to current market arrangements
Status Quo (N0), which would impact SDAC prices. We expect that more electricity would
be imported from Central-West Europe (leading to higher prices in those countries),
whereas more power would be exported to Norway (leading to lower prices in Norway).
Finally, the potential for IC flows going intentionally against commercial price differences
may impact operational procedures of the European TSOs ' which might not be
acceptable for those European TSOs (we also have not examined whether this would be
allowed under the TCA).

Under Option 2, where ICs are scheduled (ahead of RT) based on the unconstrained
national GB price, the scheduling of the ICs would be aligned with the (forecasted)
“commercial price differential” (the difference between the GB unconstrained price and the
price in the connected market) and IC capacity holders or owners (depending on the type
of cross-border arrangement) would earn the same congestion revenues as under NO
Status Quo.

However, under Option 2, IC scheduling would not take into account transmission
constraints on the GB network, and ICs could often’®? be scheduled in a manner that
aggravates intra-GB congestion. In these instances, NESO would be required to either (i)
schedule the GB assets “around” those IC flows; or (ii) redispatch the ICs themselves. Both
of these actions could lead to a more costly schedule compared to a situation where the
IC were scheduled optimally from a GB system perspective. Furthermore, in some hours, it
may not be physically possible to determine a feasible (nodal) GB schedule, which would
lead to a failure to clear the GB DAM. In that case, NESO would be required to rely on a
fallback solution involving the rescheduling the IC close to RT (e.g. emergency actions on
ICs).

18 Everything else equal, scheduling ICs against commercial price differences would create imbalances in
the control areas of the EU TSOs. NESO would need to inform the relevant EU TSOs about those anticipated

imbalances.

182 Modelling the GB power system from 2030 to 2040 under FES2022 Leading the Way (“Ltw”) with Holistic
Network Design (“HND”) + Network Options Assessment 7 (“NOA7”) refresh assumptions, we find that
under self-scheduling with national wholesale pricing the direction of the scheduled flows across all ICs

is not in line with the GB-system-optimal IC schedules in 10-20% of the hours. Source: ‘Assessment of the
benefits of alternative dispatch (scheduling) models’, FTI report for NESO (to be published in 2025).
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5.11.

5.12.

In summary, ahead-time scheduling of ICs based on the unconstrained GB price is likely to
diminish the extent to which central scheduling is able to mitigate constraint costs (as
highlighted by NESO™3). Such scheduling of ICs would somewhat undermine one of the key
benefits of introducing central scheduling (that is, the ability to consider transmission
constraints in the DA market schedule) in the first place.

In the remainder of this chapter, we discuss the end-to-end process for each N3 cross-
border arrangement across the forward, DA, ID and RT timeframes. We also comment on
the choice of prices used to schedule ICs, and on any design, commercial and practical
challenges or compatibility issues identified.

N3 Status Quo

5.13.

5.14.

In this section, we set out how the Status Quo cross-border trading arrangements in GB
(that is explicit trading for all NWE ICs and implicit trading on NSL and GB-Irish ICs) would
work under the N3 market design (“N3 Status Quo”). Effectively, this section seeks to overlay
central scheduling, as defined in the N3 design on the current cross-border arrangements
(albeit with some adjustments where they appear necessary).

A major challenge in integrating the Status Quo cross-border trading arrangements with
the N3 market design is that N3 does not have an ID market, which is incompatible with the
current ID implicit trading arrangements for the GB-Irish ICs."™* For this section, where
relevant, we therefore assume that it would be possible to couple the I-SEM and GB at DA
instead of at ID (that is, aligned with GB and NO2 via NSL). We recognise that this would be
a significant change to the existing arrangements between GB and the [-SEM, but we also
consider this to be a plausible assumption given that I-SEM will likely be required to adapt
its arrangements when Celtic IC becomes operational (and I-SEM becomes part of SDAC,
hence including DAM coupling with continental Europe).

Forward market

5.15.

The forward market under N3 Status Quo (summarised in Figure 5-2 below) would operate
in a broadly similar way as that in NO Status Quo explained in 92.5-2.8. NESO and the
relevant European TSOs would calculate the available capacity on the explicitly traded NWE
ICs. The determined IC capacity would be made available in the various forward market
timeframes through JAO or alike.

183 'Scheduling and Dispatch Options Webinar’, NESO, 2024 (link).

184 This would no longer be an issue if, as explained in 95.2, an IDM is introduced in the future under the N3
design.
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5.16. However, as forward trading is purely financial under N3, this implies that only FTRs (and
not PTRs as per the NO Status Quo) would be traded in the forward market. This means that
the outcomes of the FCA would be purely for hedging purposes and would not have any
direct bearing on the physical scheduling of the ICs. Similar to the PTRs existing under NO
Status Quo, FTRs auctioned on the forward market would be linked to particular ICs. We
assume that their volume would be limited by the expected physically available IC capacity
to ensure that forward contracts can be settled from the revenues of the DA IC capacity
auction.'®®

185 'REMA Dispatch Options Webinar Pre-read’, NESO, 2024 (link): page 18.

186 As FTRs are a financial instrument, the volume of FTRs is not technically limited by the physical capacity
of the IC. However, we assume that IC owners would be willing to sell a volume of FTR equal or lower than
the expected physical available capacity in the forward market. In case they would sell higher volumes
of FTRs they would potentially earn more revenues in the forward IC capacity auction, but they would be
exposed to a substantial congestion rent risk. This is because when the available capacity of the IC at the
DA stage is lower than volume of FTRs sold, there would be insufficient revenues from the DA IC capacity
auction to settle with all FTR holders, which could be problematic if the price in the DA IC capacity auction
are unexpectedly high. This assumption is broadly similar to the arrangement for FTR auctions in the US,
where revenue adequacy theorem is used to ensure that the volume of FTRs auctioned off does not
exceed the physical capacity in normal system conditions and thus ensures that FTR holders can be
settled using the settlement surplus. ‘PJM Manual 06: Financial Transmission Rights’ PJM, 2024 (link):
page 61.
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Figure 5-2: Forward arrangements under N3 Status Quo
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Source: FTI Consulting

5.17. Under NO Status Quo (e.g. today’s market design), IC capacity that has been sold via PTRs
is only released in the DA IC capacity auction if the IC capacity holder does not hominate
any flows. Under N3 Status Quo, holders of FTRs from the forward market would as well have
two options before the DA IC capacity auction. They could choose to convert their FTRs in
what we term a “virtual IC capacity right” (explained in the next section) which gives its
owner the possibility to hedge against the difference between the GB DA national wholesale
price and the DA wholesale price in the connected market. Different from a PTR, the virtual
IC capacity right does not give the right to the owner to nominate IC flows. When converting
the FTR into a virtual IC capacity right, the FTR enables market participants to lock-in a
particular price for DA IC capacity. Alternatively, the holders of FTRs can chose to sell their
FTR back in the DA IC capacity auction and receive the clearing price of the DA IC capacity
auction. We explain the functioning of FTRs under N3 in Box 5-2 below.
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Box 5-2: FTRs in the forward timeframe under N3 Status Quo

Suppose there is a 1,000MW HVDC IC between GB and France. The IC owner decides to
sell all its capacity in the GB to France direction in a YA FTR holder can either:

o Choose to convert their FTR to a virtual IC capacity right (‘Use It') and
receive the congestion rents realised after the DA wholesale market
clearings (e.g. Prz — Pes per MW of IC capacity), for which they have “locked
in” a price of £10/MW at the YA stage. The outcome of the GB DA IC auction
does not have an impact on the payoff to the IC capacity holder; or

o Choose to sell the right to these congestion rents (‘Sell It’), in which case
they receive the DA IC auction price. The DA IC auction clears at Ppac based
on the expected FR-GB (France) price differential (E(P) — E(Pss)) at the
time of the DA IC auction.

The outcomes of these are illustrated in the figure below.

DA C auctn B DAM snd SDAC

IC capacity holder receives Py, - Pgg

Pea = Pes >0 Payoff = Peg - Pgg - Pyac

FTR holder converts to

virtual IC capacity Outcome of GB DA IC auction has no f:A[l)'.f:ll‘::rnadt
right holder (“Use It”) impact on virtual IC capacity holder
Pgg and Py
FTR holder Pir—Pg <0 IC capacity holder receives0

buys FTR
for Py,

Payoff = - P.
FTR holder receives Py, >0 Y YAS

Payoff = Ppac - Pyac

E(Peg) — E(Pgg) > 0

FTR holder chooses GB DA IC auction
to sell FTR back to clears at Py
DA IC auction depending on
(“sell 1t”) E(Prg) — E(Pgg)
E(Pys) — E(Pgg) < 0

FTR holder receives Ppyc = 0
Payoff = - Py,

If the FTR holder chooses to convert the FTR into a virtual IC capacity right, they will
receive congestion rents in the GB DAM for flows from GB to France based on P — Pes. We
set out a simplified worked example below, which assumes that there are no forecast
errors (that is, the IC capacity holders correctly estimate the DA price in France).'®
Suppose that the GB DAM and SDAC clear such that:

. Prr = £30/MWHh, Pcs = £12/MWh, such that Pez — Pee = £18/MWh. The virtual IC
capacity holder receives congestion rents of £18/MWh, such that its payoff
is £8/MWh (after accounting for the £10/MWh that they “locked in” for the
IC capacity right at the YA stage);

187 We discuss the potential impact of forecast errors by IC capacity holders in more detail in Box 5-3.
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. Prr = £10/MWNh, Pes = £20/MWh, such that Pe: = Pes = =£10/MWh. The virtual IC
capacity holder receives zero congestion rent (the IC capacity right is not
scheduled based on the commercial price difference) 8, such that its
payoff is negative £10/MWh (after accounting for the £10/MWh that they
“locked in” for the IC capacity right at the YA stage).

YA IC DA IC GB DAM SDAC Total
-10 » 12 30 +18

+8
Per—Pgg <0 -10 > 20 10 +0 -10

Pen—Pgs >0

If the FTR holder chooses to “sell” the FTR, they receive the clearing price of the DA IC
capacity auction, which is based on the expected FR-GB price differential (E(PFR) —
E(PGB)) at the time of the DA IC capacity auction. Suppose that:

. E(Pr) — E(Pss) = £12/MW, such that Posc = £12/MW. The FTR holder has a
positive payoff of £2/MW. They paid £10/MW at the YA stage for the
capacity, but receive £12/MW at the DA stage.

. E(Pr) — E(Pee) = — £15/MW, such that Poxc = £0/MW (the value of an IC
capacity right in the GB-FR direction is zero).'® The FTR holder has a
negative payoff of negative £10/MW. They paid £10/MW at the YA stage for
the capacity, but received £0/MW at the DA stage.

-10 +12 +2

Pr—Pe <0 10 +0 -10

Per=Pge>0

In summary, the FTR can provide a hedge against the congestion rent between GB-
France (in the GB to France direction) if the purchaser chooses to use the right; if they
choose to sell it, the FTR has acts as a speculative financial instrument.

5.18. NSL and the GB-lIrish ICs currently do not participate in the forward market under NO status
quo (by choice rather than any particular restrictions in the market), but could choose to
do so under N3 Status Quo.

188 Here we do not consider the possibility that the IC would be scheduled based on the shadow nodal price
and the IC capacity owners are compensated for the negative congestion rents and/or foregone
congestion rents.

189 |n practice, there will be a small option value as at the point of the DA IC capacity auction the wholesale
DAM prices are uncertain.
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5.19. Market participants and IC capacity holders (but not IC owners) would continue to be able

to trade bilaterally in the forward market (and the resulting positions would be financial).

Day-Ahead market

5.20. We first describe the functioning of the explicit cross-border trading arrangements for the
NWE ICs under N3. After we cover the functioning of the implicit arrangments for NSL and
the GB-Irish ICs.

Explicit cross-border arrangements for the NWE ICs

5.21. We assume that as per NO Status Quo, IC capacity for NWE ICs would continue to be
explicitly traded on separate DA IC auctions. This takes place before'®® the GB DAM (during
which NESO runs a SCUC to produce a GB central schedule), which in turn runs before the
SDAC (cleared via the EUPHEMIA algorithm).

5.22. Figure 5-3 below provides an overview of the process of the DAM auctions under N3.

(1) 2) )

DA IC capacity auctions GB DAM (cleared via SCUC) SDAC (cleared by Euphemia)

= Traders bid into the DA IC
auction.

= DA IC auction clears, with
successful participants being
allocated “virtual IC capacity
rights”.

= NESO determines total .
available IC capacity for
auction.

All virtual IC capacity right
holders are required to take a
(energy) position in the GB DAM.

The optimal bidding strategy for
IC capacity right holders would
be to bid/offer in the GB DAM at
the expected DA price of the
connected market.

Other market participates as well
bid/offer into the GB DAM.

NESO receives all bids/offers and
runs the SCUC to produce a firm
DA schedule...

... which identifies which virtual
IC capacity holders are cleared in
the GB DAM (hence defining the
direction of the flows).

= Virtual IC capacity holders
that are scheduled by the
SCUC in the GB DAM are
required to submit price-
taking orders into the SDAC.

= Bids/offers from the IC
capacity holders, jointly with
all market participants in the
SDAC are fed into Euphemia,
which clears SDAC.

Figure 5-3: Process of DAM auctions under N3

Source: FTI Consulting

5.23. We describe the detailed process in each of the three stages below.

190 We do not consider the alternative assumption, where the GB DAM runs ahead of the DA IC auctions to
be plausible, as there would likely be only very low volumes of IC capacity holder participation in the GB
DAM given that they would be buying/selling energy without, yet, holding the corresponding IC capacity.
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5.24. Under Stage 1 (DA IC capacity auctions):

° In the DA IC capacity auctions, NESO, the connected TSO and the IC owner would
first determine the total available IC transmission capacity.' The IC capacity put up
for the DA IC auction by the IC owners equals the available IC capacity minus the IC
capacity that was sold forward and for which the FTR holders have chosen to
convert their FTR into what we term "virtual IC capacity rights”.'2

o Traders would then bid most likely into the DA IC capacity auction based on their
expectation of the commercial price differential between GB and the relevant
connected market.

o After the DA IC auction clears, successful participants are allocated the auctioned
off "virtual IC capacity rights”. All holders of these IC capacity rights are:

— not able to nominate physical flows on the ICs, as these would instead be
determined by the SCUC; and

— required to take an (energy) position in the GB DAM according to the IC capacity
they hold (e.g. the IC capacity right holders are also “IC capacity obligation
holders”). For example, an IC capacity holder in the direction of GB to France would
take a position of buyer in the GB DAM. Conversely, an IC capacity holder in the
direction of France to GB would take a position of seller in the GB DAM. The
requirement for all virtual IC capacity holders to take a position in the GB DAM gives
NESO the ability to schedule all available IC capacity via the SCUC.

5.25. Under Stage 2 (GB DAM clearing):

. As explained above, virtual IC capacity holders would take (energy) positions in the
GB DAM. The bid into GB DAM by IC capacity holders would be based on the
expectation of the connected European country's price (which appears to be the
optimal bidding strategy as explained in Appendix 1). Simultaneously, other market
participants would bid/offer into the GB DAM.

191

192

This is typically straightforward process as the GB ICs are HVDCs and hence their available capacity is
not interdependent with the loading on other transmission elements. It would be more complicated for
HVACs.

Virtual IC capacity rights would be different compared to both current physical and financial rights. They
would be akin to physical rights in the sense that once the right has been obtained, the holders take a
position in the GB DAM (they are mandated to do so under N3). Moreover, if IC capacity holders
successfully cleared in the GB DAM, then they would subsequently have to take a corresponding position
in the SDAC. Therefore, virtual IC capacity holders would become price-takers in the SDAC. This is a
significant departure from the existing arrangements, as IC capacity holders would not have an ability to
‘not nominate’ the capacity they hold. Instead, the nhomination of flows would be done by NESO via the
SCUC. In that sense, virtual IC capacity rights are similar to financial rights which also do not include the
right to nominate flows.
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° After NESO receives the bids/offers, it would run the SCUC to produce a firm DA
schedule.”™ This means that the virtual IC capacity holders would not have the
option to 'not nominate’ flows that NESO has scheduled in the GB DAM.

o The firm DA schedule identifies which IC capacity holders have or have not been
cleared in the GB DAM (and hence defines the direction of IC flows).'® NESO, in
clearing the market, does not form any expectations of the connected countries’
wholesale energy prices (as these expectations are directly embedded in market
participants' bids).

o NESO can either schedule ICs in the SCUC based on the GB shadow nodal prices
(Option 1) or GB national unconstrained price (Option 2). We discuss this further
below from 95.27 onwards.

5.26. Under Stage 3 (SDAC clearing):

° Once NESO determines the DA central schedule, the virtual IC capacity holders that
are scheduled and other market participants would not be able to change their
positions until RT (unless instructed to do so by the NESO) as no IDM is assumed to
exist under N3. The described arrangement implies that the EU would be willing to
accept that scheduled flows on the ICs are entirely determined by the GB SCUC
based on forecasted DA prices of the connecting markets, independent of the
eventual realised prices in the same markets.

° Virtual IC capacity holders that have been cleared in the GB DAM are, subsequently,
required to submit PTOs into the SDAC in line with the IC capacity they hold and that
has been cleared in the GB DAM. This implies that an IC capacity holder that is
scheduled in the GB DAM to export/import from GB to a connected SDAC market
would have offer to sell/buy electricity at the price floor/ceiling in the SDAC (rather
than IC capacity holders bidding in the basis of the expected price).'?®

o Bids/offers from the virtual IC capacity holders and order books from participating
NEMOs would be fed into EUPHEMIA, which would clear the SDAC.

5.27. As explained above, NESO can either schedule ICs based on GB shadow nodal prices
(Option 1) or GB national unconstrained price (Option 2).

198 As explained in 915.2, the SCUC outputs a least-cost GB schedule that respects the relevant physical and
security constraints.

194 Depending on market participants’ bids, it is possible that both directions of flows clear with positive
volumes and prices in the auction. In that case, the net flow is scheduled on the IC.

1% This is a significant difference from existing arrangements where IC capacity holders can choose to 'not
nominate’ the capacity they hold. Under central scheduling, the position is mandatory because If IC
capacity holder that are scheduled in the GB SCUC (preceding the SDAC) would not be scheduled in the
SDAC, the GB SCUC would need to be re-ran.
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5.28. Option 1 ensures that the IC scheduled flows respect the price difference between the
shadow nodal price in GB and the (forecasted) price of the connected market, but the
direction of scheduled flow on the IC would no longer be necessarily aligned with the
commercial price differential. This implies that ICs can intentionally being scheduled
counterintuitvely, e.g. scheduled to flowing against the commercial price difference. This is
departure from NO Status Quo, where counterintuitive flows primarily arise due to forecast
error (see 12.12).

5.29. Under Option 2, scheduling ICs based on the unconstrained GB price is likely to limit the
potential reduction in redispatch costs associated with central scheduling. Given that this
is one of the key advantages of central scheduling as highlighted by NESO,'*¢ this seems to
us not to align with the other design principles of N3 and therefore do not consider it further.
If central scheduling was introduced for other reasons (e.g. to ensure co-optimisation) or
the redispatch costs originating from counterintuitive IC flows were mitigated in other ways,
this option may warrant further consideration.'’

5.30. As discussed above in 95.5, under Option 1 NESO would likely need to implement transfer
payments for negative congestion rents and foregone revenues to ensure IC capacity
holders earn the same revenues that they would have earned if they were instead
scheduled based on the commercial price differential (that is, Option 2).

5.31. With these transfer payments, virtual IC capacity holders’ bids into the DA IC capacity
auction would continue to be based on their expectation of the commercial price
differential (rather than the shadow nodal scheduling price differential which are arguably
harder to forecast). Their subsequent bids into the GB SCUC would then reflect their
expectation of the price in the connected country (similar to NO Status Quo).'®8 Since the
value of IC capacity rights are expected to remain a function of the commercial price
differential (akin to the current market arrangements), we do not expect any significant
changes to the functioning of DA IC capacity auctions.

196 ‘Scheduling and Dispatch Options Webinar’, NESO, 2024 (link).

197 For example, zonal pricing reduces the redispatch cost impact from IC scheduled in a way that
aggravated intra-GB congestion, thus making Option 1 a viable option for the Z3 model discussed in
Chapter 6.

198 One nuance would be that the price of the connecting country will be indirectly impacted by how ICs are
scheduled in GB (based on shadow nodal prices). This impact might not be material in countries with
large bidding zones and relatively limited IC capacity with GB (e.g. Germany) but potentially more
important for countries represented by a smaller bidding zone and a relatively large IC capacity with GB
(e.g. DK1).
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5.32.

5.33.

Notwithstanding, there are two scenarios in which the allocation of risk between NESO and
traders is complex. Additional consideration would need to be made of the appropriate
transfer payments in these scenarios such that there is a balance between: (i) providing
market participants with incentives to forecast prices accurately; and (ii) ensuring that
market participants bear risks that they can efficiently manage themselves.

In Scenario 1, the IC capacity holder's negative congestion rents are a result of its own
forecast error rather than NESO’s choice of scheduling price (see Box 5-3 below).

Box 5-3: Scenario 1 — Negative congestion rents due to forecast error

Suppose that a France to GB IC capacity holder expects the French price (P to be
£35/MWh, and as such bids into the GB SCUC to sell power at £35/MWh. The outturn GB
unconstrained price (Pss_u) and the shadow nodal price at the IC’s landing point in GB
(Pss_sn) are both £40/MWh.

As the GB shadow nodal price is higher than the expected French price, the IC capacity
holder is scheduled to flow 1,000MW from France to GB. This is in line with the commercial
price difference, which would also lead to a scheduled flow from France to GB. At the
conclusion of the GB SCUC, the IC capacity holder would expect to earn £5,000 based on
its forecasted price difference.

As the IC capacity holder’s offer is cleared in the GB SCUC, the IC capacity holder must
submit a price taking offer in the French price zone via the SDAC. However, the P ends up
clearing at £48/MWh, which is £13/MWh higher than the IC capacity holders’ forecast. Due
to flows on ICs being firm, there is no opportunity for the IC capacity holders to update their
flow positions after the conclusion of the SDAC, which is a significant difference from
existing arrangements where IC capacity holders can choose to 'not nominate’ the

capacity they hold.
S L] I I Item Relevant price ~ AtGBSCUC  Post SDAC clearing
2 NG ) .
FR-GB commercial £40-£35-£5  £40-£48--£8
Pgg,, = £40 E(Pg) = £35 price difference
Peny, = £40 — Commercial flow ~ "eou 2" Pes 1,000MW 1,000MW
Implied congestion rent £5,000 -£8,000
7N Scheduled flow Pggsy and P 1,000MW 1,000MW
)
Actual congestion rent  Pgg, and Py £5,000 -£8,000

o
=

Impact of scheduling : £0

As a result, both the commercial and scheduled flows (implied by the IC capacity holder’s
bid at GB SCUC) go against the outturn commercial price difference, which in turn leads to
both the actual and implied congestion rents to be -£8,000, meaning that the IC capacity
holder is in the same position as if flows were scheduled according to unconstrained prices.

In other words, the negative congestion rent is not a consequence of NESO scheduling ICs
based on shadow nodal GB prices, but due to the IC capacity holder’s forecast error.
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5.34.

5.35.

In the above scenario, NESO could choose to not compensate or limit the compensation for
the IC capacity holder for the negative congestion rents. However, this would not reflect the
additional downside risk that the IC capacity holder faces under N3 relative to NO, in
particular:

o Under NO, the IC capacity holder could have chosen not to nominate its flows when
it realises its forecast error, and lose only the amount it paid for the IC capacity
rights. The IC capacity holder can then unwind its positions in GB and the connected
market in the IDM.

o Under central scheduling, however, the IC capacity holder is required to take a
position in the connected market after the GB DA central schedule has been
determined (even if it realises its forecast error), which creates an uncapped liability
risk that requires further consideration.

In Scenario 2, the IC capacity holder earns positive congestion rents only because it was
scheduled based on shadow nodal prices — that is, it would have not been scheduled if it
had instead been scheduled based on the unconstrained price (see Box 5-4 below). In this
scenario, the question arises as to whether the IC capacity holder would have to return the
“unintended revenues”.

Box 5-4: Scenario 2 - Positive congestion rents only because IC was
scheduled based on shadow nodal prices

Suppose that a France to GB IC capacity holder expects P to be £43/MWh, and as such
bids into the GB SCUC to sell power at £43/MWh. Subsequently, Pss_u clears at £40/MWh,
while the shadow nodal price at the Pes_sn is set at £50/MWHh.

As the GB shadow nodal price is higher than the IC capacity holder’s offer, the IC capacity
holder is scheduled to flow 1,000MW from France to GB, even though considering the
commercial price difference — e.g. the difference between Pss_y and the E(Pr) — the IC
capacity holder would not have been scheduled. As such, at the conclusion of the GB SCUC,
the IC capacity holder would expect to receive £3,000 worth of transfer payments from
NESO, to be returned to a net revenue of £0.

As the IC capacity holder’s offer is cleared in the GB SCUC, the IC capacity holder must
submit a price taking offer in the French DAM via the SDAC. However, P ends up clearing
at £31/MWh in the SDAC (which is £12/MWh lower than the IC capacity holder’s forecast),
meaning that the IC capacity holder earns £9,000 of congestion rent, as the outturn
commercial price difference ends up being in the same direction as the flow is scheduled
(based on the price difference between Pcs_sy and Per).
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S L] I I Item Relevantprice ~ AtGBSCUC  Post SDAC clearing
raln } ;
FR-GB commercial £40-£35-£5  £40-£48--£8
Pgg,, = £40 E(Pg) = £35 price difference
Peny, = £40 — Commercial flow ~ "eou 219 Ps 1,000MW 1,000MW
Implied congestion rent £5,000 -£8,000
7N Scheduled flow Pggsy and P 1,000MW 1,000MW
)
16w Actual congestion rent  Pgg, and Py £5,000 -£8,000

Impact of scheduling : £0

However, the IC capacity holder would have not earned this congestion rent if flows were
scheduled according to the unconstrained price difference in the GB SCUC. Scheduling
based on the shadow nodal price mitigated the impact of the forecast error. Further
consideration is required whether in this case the IC capacity holder would be required to
return (part of) the earned congestion rent.

5.36. One potential issue that we have considered is how the bidding of IC capacity rights in the

5.37.

opposite direction of the expected commercial price differential would function under N3
Status Quo.” It is important under N3 Status Quo that market participants take a position
in this direction, as it might be the flow direction indicated by the scheduling price
differential.

Under NO Status Quo, these rights provide the IC capacity holder with an ‘option value’,
which materialises when actual flows are in the opposite direction than initially expected
based on the commercial price differences (due to forecast errors or market developments
between the IC capacity auction and GB DAM/SDAC). There is limited downside risk as
market participants have several opportunities on the DAM and IDM to unwind positions in
case their forecast was inaccurate for the connecting market. Under the current market
arrangements, the auctions for these IC capacity rights often clear at very low prices which
indicates a low valuation of this option value.?®

19° Alternatively, when the price difference is not expected to be sufficient to cover losses.

200 For example, IFA 1 capacity rights from GB to France cleared at €0/MWh in nearly 70% of hours on the first
day of the month over the past year, with an average price of €0.15/MWh, weighted by allocated capacity.
JAO, (link). See also ‘Valuation of Interconnector Transmission Rights — Do Auction Prices Reflect Option
Values?’, Mclnerney, C. (2012) (link).
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5.38. However, under the N3 Status Quo arrangements, there is the same option value as under
NO Status Quo, but the downside risk is higher due to the lack of an IDM, which means that
unwinding a position after the DAM is not possible and the likelihood of incurring losses by
inaccurate forecast errors increases. Therefore, there is a risk that no market participants
would be willing to take a position opposite to the expected commercial price differential,
which would lead to a potential inefficiency in the utilisation of the IC (at times when the
scheduling price differential ends up having the opposite sign of the anticipated
commercial price differential).

5.39. To mitigate this risk, IC owners could be required to:

. Bundle rights in both directions into a single product. Such a bundling would
ensure that both parts of the compensation would go to the same IC capacity
holder, avoiding most of the cases where the trading costs and risk associated with
IC capacity rights might outweigh the forecasted value. While this appears to be a
significant change, it appears to be compatible with the philosophy of central
scheduling, where it is the central market operator who determines the optimal
scheduling of assets (in lieu of market participants);”

. Allow negative bids in the IC capacity auctions to incentivise participation in
auctions for these rights, even in periods when the expected revenue from such
rights is lower than the risk for losses from taking a position.

5.40. This additional risk for traders created by combining explicit IC capacity auctions with N3
will likely lead to a commercial loss for the IC owners that might need to be compensated
for.

Implicit arrangements on NSL and GB-Irish ICs

5.41. For Norway to remain coupled at DA stage between GB and NO2, a single entity would need
to jointly define prices in GB and NO2 and associated flows on NSL. Under the current
arrangements, this role is played by N2EX. There are two options as to who this single entity
might be under a central scheduling design:

) N2EX could continue to play this role, but this would require that it receives all
information that the SO would have otherwise used to centrally schedule the GB
DAM (including transmission network conditions, etc.). This appears impracticable
for security reasons.

201 One potential exception is when the market participants are forecasting with high confidence that the
price difference between the markets will not be sufficient to cover line losses. In these cases, the value
of capacity rights in both directions, will be close to €0/MwWh.
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o NESO could take on the role, effectively taking over the market operator role of N2EX
(noting that central scheduling already displaces the current role of PXs as market
operators). There would be new information NESO would require, over and above
what it would have otherwise used in the SCUC, relating to bids and offers in NO2.
We consider this option to be impracticable as well, due to the challenges
associated with the GB SO operating a market and receiving sensitive information
for a Norwegian price zone.

5.42. Therefore, given the challenges described above,?*?the central scheduling algorithm would
likely require NSL to move to explicit auctions akin to other continental ICs, unless security
concerns could be effectively addressed. In discussions with NESO, we have not identified
any credible solutions to this issue.

5.43. For the I-SEM to be coupled with GB at DA stage, we envisage similar issues as described
for NSL. There are potential further complications in the I-SEM case:

o The I-SEM market may not be sufficiently liquid to sustain two parallel prices (like
NO2 does, as discussed earlier); and

o Once Celtic IC comes online, it may no longer be possible to implicitly couple the
GB-lIrish ICs and NSL at the same time. This is because under EU regulation, all
available cross-zonal capacity has to be allocated to the SDAC.2%2 However, once
France and Ireland are connected via Celtic, Ireland and Norway would be
connected via an electrical path that does not go through GB. As such, the implicit
GB coupling would have to likely reserve a proportion of the transmission capacity
between Ireland and Norway, which would likely lead to inefficiencies. We do not
examine this further in this report given the uncertainty on Celtic’s arrangements.

5.44. Similarly to NSL, it seems challenging for NESO (or another party) to be able to co-clear the
centrally scheduled DAM together with the I-SEM. Therefore, unless alternative approaches
are identified, as a fallback solution ICs between GB and I-SEM would likely need to move
to explicit auctions as well.

5.45. If the complications discussed above are resolved and implicit trading on NSL and/or GB-
Irish ICs turns out to be possible, we assume that they would both earn congestion rents
after the SDAC clears (as GB would not have an IDM under the N3 design) based on the
relevant commercial price differential.

5.46. We summarise the sequence of events at the DA stage in Figure 5-4 below.

202 These challenges are very similar as under N3 Price Coupling and discussed in more depth in that section.
208 CACM GL, Articles 30, 39 and 46 (link).
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Intraday market

5.47. As the N3 market design does not have an IDM, there would no longer be any capacity
auctions in GB for the explicitly traded ICs at the ID stage. This is a departure from the NO
Status Quo, in which the NWE ICs operate ID explicit IC auctions. This may, prima facie, result
in a loss of revenues to IC owners compared to NO Status Quo. However, in practice, a
proportion of the volumes traded currently on ID explicit IC auctions might reasonably be
expected to shift back to the DA explicit IC auctions, particularly given that ICs would be
compensated via transfer payments under central scheduling. Overall, the impact on IC
revenues would need to be empirically tested.

5.48. In Europe, the SIDC would run in the ID timeframe, and (similar to SDAC) would take the DA
GB-Europe IC flows determined in the DA stage as given and optimise around them.
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5.49.

5.50.

5.51.

5.562.

5.63.

Given that EU market participants have an opportunity to participate in SIDC (and intra-EU
ICs have their positions refined in the SIDC), this is more favourable compared to GB-EU BBZ
ICs (that would only be scheduled at DA stage). In the long term, this create an incentive
for GB to introduce an IDM (e.g. via several IDAs in line with the existing IDAs in continental
Europe), to complement the DAM. It is beyond the scope of this report to examine such a
market design change, but we note that this would potentially create an opportunity for
further linking of GB and EU cross-border trading arrangements at the ID stage and would
reduce the negative impact of forecast inaccuracy in the DA stage (as described in the
previous sub-section).

Scheduling ICs at DA stage based on shadow nodal prices could bring potential benefits
relative to NO Status Quo with ICs scheduled based on unconstrained prices. However, the
benefits of creating an GB-system-optimal schedule at DA stage will be reduced the
greater are forecast errors within the ID timeframe.

The right to nominate the flow on the IC would be transferred from the IC capacity holder
to NESO, which could lead to increase risks for IC capacity holders under N3 relative to that
under NO. Measures would need to be put in place to mitigate these risks while ensuring
that IC traders continue to be incentivised to forecast prices accurately (as discussed in
95.32-5.35). Another drawback of explicit trading under N3 compared to NO is that market
participants have no ability to adjust flows on ICs once the GB DA SCUC has concluded.
Under NO Status Quo, there are IDMs (both continuous and IDAs) in both in GB and EU to
adjust net positions and renominate flows, if initial price forecasts by market participants
were inaccurate.

Under N3, these options would be unavailable for market participants, and only NESO and
the connected TSO would have tools to adjust flows in RT. Introducing one or multiple IDAs,
e.g. GB ID SCUC(s), could help address several of the highlighted issue by allowing updates
to bids and flows based on improved forecasts.

As discussed in Footnote 174, It is possible that as an alternative to an IDM, ID NESO-led
procedures would be put in place to reschedule assets in case the necessity of doing so
would be known significantly before RT. An example can be a major outage of a GB asset
or IC. Not having such ID processes in place could lead to foregoing potential lower cost
alternative (relative to the available solutions available in RT) to resolve (forced) deviations
from the DA SCUC schedule.
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Real time

5.54. After the DAM, GB market participants and IC capacity holders revise their bids and offers

for the RT clearing. NESO would run a SCED optimisation to produce a physically binding RT
schedule and resolve imbalances (and any resulting minor thermal constraints).2°* This
process would differ from the existing BM arrangements, as it is NESO producing the SCED
schedule and compensating parties via transfer payments (e.g. there is no need for market
participants to provide bids/offers in a pay-as-bid BM-style market).2°

5.55. We assume that NESO would continue to be able to adjust IC flows in RT, if necessary, using

SO-SO trades and emergency services (as per NO Status Quo described in 92.19).2% The IC
owner may also need to, unexpectedly, modify the availability of the IC (e.g. unplanned
outages). Under NO Status Quo, if an IC owner curtails their capacity and the capacity has
not been nominated yet, the IC owner typically need to reimburse IC capacity holders the
original auction price for when the capacity was sold (though variants to this may exist,
and the reimbursement may also be related to a ‘current’ price spread rather than the
original auction price).2”

204 A SCUC is used to schedule generation (e.g. determining which units are on or off and their schedules),

205

206

207

while SCED takes unit commitment decisions from SCUC is used to determine the most economical
dispatch to meet demand.

The transfer payments paid out to compensate for the real-time SCED schedule would be
incremental/decremental relative to the transfer payments paid at the DA stage to avoid the double
payment of transfer payments.

Similarly, TSOs in connecting countries would not be able to apply NTCs post-DA and the only tool they
would have available to modify flows would be as well SO-SO trades or emergency services.

In case the IC owner does not deliver capacity that has been nominated, in addition to the original auction
price of the IC capacity, the IC owner may also face imbalance charges. These imbalance charges could
be related to the cost of redispatch actions in the connected countries and would be payable by the IC
owner to NESO. Under the N3 market design, we envisage a similar regime to be in place. However, since
there is no ‘'nomination’ of the IC capacity by the IC capacity holders, we expect that the penalties that IC
owners would need to pay for any unavailability would need to be related to the imbalance charges that
IC capacity holders are exposed to (which would be typically higher than just reimbursing for the IC
capacity auction price). This penalty would also need to be defined in a way that would prevent potential
gaming.
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5.56. We assume that a cross-border BM would need to be developed to be compatible with EU
balancing platforms (MARI, PICASSO, TERRE). NESO has previously considered various
options for this (see 92.20) under the current market design (NO). One option under N3
would be to develop a technical interface to ensure that real-time orders in GB are
compatible with the products traded on these platforms.2%®

N3 MRLVC

5.57. In this section, we set out how the MRLVC design (see NO MRLVC) could potentially work
under the N3 design (“N3 MRLVC"). Effectively, this section seeks to overlay central
scheduling, as defined in the N3 design, on the MRLVC cross-border arrangements (albeit
with some adjustments where they appear necessary). As explained above, we assume
that when implemented, the MRLVC would apply to all GB ICs (including NSL and the GB-
Irish ICs).

Forward market

5.568. The forward market under N3 MLRVC would work in a similar way as in NO and N3 Status
Quo, where ICs can choose to participate in JAO forward auctions and offer capacity for
various market timeframes.*°

5.59. Under the N3 market design, only FTRs would be traded on GB ICs.?°However, in contrast to
N3 Status Quo (explicit), the realised congestion rent in the DA market would be directly
paid out to the FTR holder — that is, FTRs are settled based on the difference between the
GB DAM price and the DA price in the price zone of the connected market. No longer DA IC
capacity auctions (as under N3 Status Quo) takes place as the IC capacity is implicitly
allocated in the DA stage through the MRLVC algorithm.

5.60. Market participants would continue to be able to trade bilaterally in the forward market
(and the resulting positions would be financial).

208 This would not be unprecedented — Article 12(3)(d) of the Electricity Balancing Guideline (“EB GL”) (link)
requires TSOs that use central scheduling to provide "information regarding how balancing energy bids
from specific products or from integrated scheduling process have been converted into balancing
energy bids from standard products’.

208 Currently, only IFA, IFA2, ElecLink, Nemo Link, Viking Link and BritNed participate in these auctions. In
principle, NSL and GB-Irish ICs could also participate.

20 ‘REMA Dispatch Options Webinar Pre-read’, NESO, 2024 (link): page 18.
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Day-Ahead

5.61. Under N3 MRLVC, the calculations of available IC capacity on GB-BBZs, available cross-
border transmission capacity on the BBZ-BZZ borders and the BBZ-EU Flow Forecast
continue to be performed prior to DA market closure (which occurs simultaneously for both
the SDAC and GB DAM). BBZ NEMOs would also continue to combine their received orders
and submit order books to the MRLVC algorithm. On the GB side, however, NESO would no
longer submit an order book as under NO. There are two potential input options that could
be fed into the MRLVC, which affect the choice of prices that can be used to scheduled IC

flows:
o market participant’s technical details, which due to computational constraints,
would require ICs to be scheduled based on the unconstrained GB price; and
o net import/export curves that reflect the cost to the GB power system at the IC

landing points of deviating from an estimated central schedule, which would enable
ICs to be (approximately) scheduled based on GB shadow nodal prices.

5.62. We discuss these in turn below.

Market participants’ technical details

5.63. The market operator (either NESO or potentially one or multiple PX(s)) would aggregate
technical details submitted by market participants and input these into the MRLVC
algorithm. As this may be computationally complex, the market operator may need to
combine and translate the details into a suitable format before submission to the MRLVC
operator. There is also some evidence that it is computationally feasible, as EUPHEMIA was
designed to be able to accommodate “complex orders” (comprising minimum income
conditions orders and load gradient orders, which are similar to the technical details of
market participants) from participating countries such as Spain that have unit bidding in
place.?" The algorithm would then need to integrate multi-part bids from GB and price-
volume bids from the BBZs to optimise the IC flows.

21 “All NEMOs' proposal for products that can be taken into account by NEMOs in single day-ahead process’,
ACER, 2017 (link).
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5.64.

5.65.

There is also uncertainty around whether intra-GB transmission constraints would or could
be included in the MRLVC algorithm. It appears to us that including GB transmission
constraints in the MRLVC algorithm is highly unlikely to be a feasible option and we have
discarded it due to two reasons:

o It seems computationally challenging for the MRLVC algorithm to be able to
simultaneously clear zonal-based prices-volume orders in BBZs with a nodal
version of the GB market — particularly given that the time allocated to the MRLVC
algorithm to clear is very limited and given that it needs to align with the SDAC
timelines.

o ESO may not be willing/able to submit detailed network information to the MRLVC
given potential security risks associated with sharing such sensitive information
with a third party (as discussed above in 95.41).

To the extent that transmission constraints were excluded from the MRLVC algorithm, this
would effectively mean that the firm IC flows, produced by the MRLVC, would be scheduled
based on a proxy of the unconstrained GB price. As such, IC flows would often likely be
incompatible with the physical GB transmission network (and would potentially require
costly scheduling of other assets “around” the MRLVC-determined cross-border flows or
adjusting IC flows). While potentially very material under a national pricing regime, this
downside could be less severe under a zonal market design (as discussed in the Chapter 6
on the Z3 market design).

Net import/export curves

5.66.

5.67.

Under this approach, NESO would run an initial SCUC to determine a preliminary central
schedule prior to the MRLVC, based on market participants’ technical information,
transmission network information, forecast prices in each BBZ, and forecasts of flows
between BBZs and the rest of Europe.

It would then calculate net import/export curves (as illustrated in Figure 5-5 below) for each
GB IC that summarise the schedule of the IC across a range of possible DA prices in the
relevant BBZ (assuming that all other BBZ prices remain equal to the initial forecast of the
prices for those BBZ).

Confidential 157



FTI Consulting Report for NESO
5. N3: Central scheduling with national wholesale pricing

5.68. The import/export curve would have an initial scheduled position for each IC based on
differential between: (i) NESO's expectation of the BBZ price (“Peszr), which is an input to the
initial SCUC; (i) and the shadow nodal price at the IC’s connecting node in GB (Psssn), which
is an output of the initial SCUC.?228¥ The purpose of the curve is to enable the MRLVC
algorithm to identify the GB-system-optimal direction of scheduled flow per IC for different
Peszi levels. Within the MRLVC optimisation, the shadow Pggz will then eventually determine
the scheduled flow on the IC (respecting the import/export curves).

22 |n this paragraph and the subsequent worked example, we describe the simple case, where NESO submits
a single curve per IC into the MRLVC process. However, we note that in the case, where flows on one IC
impact the shadow nodal price at the landing point of another IC, NESO may want to submit a different
curve depending on the flows of the other IC. This can be resolved by NESO submitting multiple set of
import/export curves per IC, each of them being conditional on certain set of flows on other ICs. The
MRLVC could then rely on the set of curves, which produce scheduled flows on all ICs that are consistent
with the conditions of the used import/export curves.

23 Pggsy would vary depending on the IC’s flow — for example, Peesn when the IC is scheduled to export would
be equal or higher to the Psssn Wwhen the IC is not scheduled to flow. This reflects the higher demand in GB
when the IC is scheduled to flow from GB to FR.
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Figure 5-5: Import/export curves with respect to connected country
price for illustrative ICs

Source: FTI Consulting
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5.69. Developing the import/export curves displayed in Figure 5-5 follows a two-step process for

each IC:

Confidential

Developing initial flow assumptions for other ICs: To construct each GB-BBZ IC’s
individual import/export curve, the first step is to determine the flows along other
GB-BBZ ICs based on: (i) initial assumptions on the prices in BBZs; and (ii) the bids
and offers from other GB market participants. The flows on other ICs would then be
fixed, to isolate the impact of changing prices in the relevant connected market on
the flows of a particular IC.

Evaluating the impact of changing prices in the connected market: Using the fixed
flow assumptions on other ICs developed in the first step, NESO runs simulations to
determine how a deviation from the initial price assumption for the relevant
connected market would impact the flows on the IC in question. The results of these
simulations allow NESO to produce a curve for each IC, that describes the
import/export profile of the IC as a function of Pggz.
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5.70.

5.71.

5.72.

5.73.

5.74.

Figure 5-5 shows illustrative curves for three example ICs:

o IC1 between shadow node “GBsy” and the French BBZ: The initial position of ICI is
scheduled to export from GB to FR, as Peri > Pessni. If Per decreases relative to Pe, the
curve indicates that NESO would gradually not schedule the IC to flow before
eventually scheduling the IC to import from FR to GB.

o IC2 between shadow node “GBsn.” and the DK1 BBZ: The initial position of IC2 is not to
be scheduled (shown as no flow below) as NESO'’s expectation of the DK1 price Poi
is equal to Pessno. If Pox increases relative to Pog;, the curve indicates that NESO would
schedule IC2 to export from GB to DKI. If P decreases relative to Ppw;, the curve
indicates that NESO would schedule IC2 to import from DK1 to GB.

o IC3 between shadow node “GBSN3” and the NO2 BBZ: The initial position of IC3 is
scheduled to import from NO2 to GB, as Pnoai < Psssni. If Pnoz increases relative to Paog;
the curve indicates that NESO would gradually not schedule the IC to flow before
eventually scheduling the IC to export from GB to NO2.

As the import/export curves input into the MRLVC algorithm would be based on GB shadow
nodal prices (and forecast European prices) rather than the unconstrained GB price, this
could result in MRLVC-optimised flows that are against commercial price differentials and
in turn, commercial losses for ICs. As discussed in 915.5 and 95.30 to 5.35, NESO would likely
need to implement transfer payments to compensate ICs for negative congestion rents
and foregone revenues that they would otherwise have earned if they were instead
scheduled based on the commercial price differential.

There is a trade-off between the computational burden (and hence time) and the precision
of the import/export curves in mapping the impact of changes in cross-border flows
(relative to the initially forecasted flow) on the shadow nodal prices of the IC connection
point in GB. A more precise set of import-export curves could lead to MRLVC flows being
more likely to be GB-system-optimal, but this could come at a cost of a significantly longer
timeframe between market participants submitting their order books and the (final) GB
DAM and SDAC prices being published. This would increase the information ‘gap’ between
the order books and prices being published, and may not be acceptable to the EU.

To the extent that the schedule of an IC is highly dependent on other GB-BBZ ICs’ flows,
NESO may need to create several import/export curves for each IC (with different
assumptions around the schedule of other ICs — see Footnote 212), which could further
increase the computational burden of the pre-processing required before submitting the
import/export curves to the MRLVC clearing and the MRLVC clearing itself.

We compare the two potential input options into the MRLVC algorithm in Table below. On
balance, we consider net import/export curves (which would require more pre-processing
from NESO) to be more appropriate due to the importance of scheduling the ICs based on
shadow nodal prices under a central schedule design. We therefore assume that this option
would be implemented in the remainder of the section.
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Table 5-1: Comparison of input options to the MRLVC

Market
technical detail

participants’

Net Import/export curves

Entity submitting GB

information to MRLVC

NESO or GB PX

NESO (after
processing)

pre-

GB price used to schedule
ICs

Unconstrained national

price

Shadow nodal price

Pre-processing
requirements

Low, if technical details are
directly fed into the MRLVC

High, as NESO would need
to produce an initial central

algorithm schedule and net
. . . . import/export curves
Medium, if technical details .
. . based on nodal bids
are  translated/simplified
before inputting into the
MRLVC algorithm
MRLVC computational Likely possible, given that Likely possible, as
feasibility EUPHEMIA is able to information would be pre-
accommodate complex processed before
bids submission to MRLVC
Likely level of NESO Higher, as MRLVC would Lower, as MRLVC-

redispatch required

likely produce flows that
result in a more costly GB
schedule

optimisation considers GB
transmission constraints

Transfer payments required None, but likely a more Required if MRLVC-
costly GB schedule as GB optimised flows are against
assets must schedule commercial price
around IC (or the IC differentials
schedules need to be
readjusted)

Security risks Low, as no network Low,asnetworkinformation
information provided to is processed by NESO

MRLVC operator

Changes required from EU

Update to bidding formats,
which seems feasible given
existing complex bids

MRLVC algorithm  would

need to be able to
accommodate
import/export curves,

which seems feasible

Confidential

161



FTI Consulting Report for NESO
5. N3: Central scheduling with national wholesale pricing

5.75. A potential middle ground between the two input options could be to treat GB as a zonal
market only for the purposes of calculating cross-border flows in the MRLVC — that is, NESO
would forward all GB orders and zonal boundaries to the MRLVC algorithm. As such, the IC
schedules determined in the MRLVC would be based on zonal shadow prices. The firm flows
determined by the MRLVC would then be inputted in the SCUC that schedules all other
assets in GB based on shadow nodal prices. This would ensure some degree of
transmission constraints are reflected in the MRLVC optimisation, without the need for NESO
to pre-process network information to produce net import/export curves. However, this
would add another layer of complexity to the N3 market design, and disputes might be
raised about the delineation of the zonal boundaries (which could be static or dynamic).2#

MRLVC optimisation process

5.76. As explained in 95.66 to 5.73, NESO would run an initial SCUC to determine a preliminary
central schedule and corresponding netimport/export curves per IC. The net import/export
curves would then be submitted to the MRLVC to optimise (firm) GB-BBZ flows. Based on
these firm flows from the MRLVC, NESO would then run a second SCUC that calculates a
final (binding) DA central schedule around the MRLVC-optimised flows. As a result, NESO no
longer determines the direction of these flows.

5.77. Given that the purpose of the initial SCUC is to serve as input into the MRLVC algorithm, the
schedule is not binding and would not be used to calculate transfer payments. These would
instead be calculated based on the difference between the unconstrained schedule (which
produces the GB unconstrained price)?® and the final DA constrained central schedule
produced by the second SCUC. The second SCUC take the MRLVC-optimised (and now
fixed) flows as given.

24 While the delineation of the zonal boundaries for this purpose would have less impact on wholesale prices
as under a zonal wholesale market design (21 and z3), the choice of the zonal boundaries could impact
the scheduling of the IC which would: (i) directly impact the commercial revenues of the IC owners; and
(i) indirectly impact wholesale prices in GB and the SDAC.

25 1t would be most straightforward to determine the GB unconstrained price with the ICs flows determined
by the MRLVC algorithm (based on ICs scheduled based on shadow nodal prices).
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5.78. There is a risk that it may not be possible for NESO to determine a physically feasible DA
central schedule with the MRLVC-optimised flows. We do not expect this to be a significant
issue as the MRLVC-optimisation would account for GB transmission constraints via the net
import/export curves. The frequency and extent of this risk would require empirical testing.
In such cases, NESO and European TSOs would need to develop suitable fallback
procedures (e.g. similar to the fallbacks when EUPHEMIA fails to clear).?® NESO would, in that
case, need to put in place appropriate mechanisms to enable adjustments to the flows
(e.g. potentially a mechanism similar to countertrading, as per current market

arrangements).

5.79. We summarise the various steps in the DA stage in Figure 5-6 below.
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Figure 5-6: DA arrangements under N3 MRLVC
Source: FTI Consulting

26 These are mainly JAO shadow auctions (link).

Confidential 163


https://www.nationalgrid.com/sites/default/files/documents/CACM_44_Channel_explantory_note_fallback_procedures_in_accordance_with_Article_44.pdf

FTI Consulting Report for NESO
5. N3: Central scheduling with national wholesale pricing

Intraday market

5.80. The MRLVC is intended to be a DA trading solution and potential post-Brexit ID trading
arrangements have yet to be explored. Given this, and as the N3 market design assumes
that there is no IDM in GB, we assume that there would be no ID trading in GB.

5.81. InEurope, the SIDC (continuous and IDAs) would continue to run in the ID timeframe. Similar
to the ID timeframe for N3 Status Quo described above, the SIDC could either accept the DA
MRLVC GB-BBZ flows as fixed and optimise around them, or re-optimise across all ICs and
where necessary, pay penalty prices to adjust GB-BBZ flows.?”

5.82. As under N3 Status Quo, not having an ID timeframe in the GB market would create an
uneven position for GB-EU ICs, and could drive the introduction of an ID market in the longer
run. If so, the DA MRLVC process described above would likely be replicated at the ID stage
(except that the volume coupling would take place with one of the SIDC IDAs rather than
SDAC). We do not examine this further as it is beyond the scope of this report.

5.83. Alternatively ID NESO-led procedures could be introduced as described in 15.53.

Real time

5.84. After the DA market, GB market participants would revise their bids and offers for the RT
clearing. NESO would run a SCED optimisation to produce a physically binding RT schedule
and resolve imbalances (and any resulting minor thermal constraints). This final SCED
optimisation would again take the flows determined prior to the RT timeframe as given
(that is, either the MRLVC-optimised flows determined at DA, the adjusted flows following
NESO/EU TSO intervention pre-gate closure or by the SIDC).

5.85. ESO and other European TSOs would continue to be able to adjust IC flows if necessary in
real-time. The exact mechanism for doing so would need to be worked out, but we assume
that it would require some information exchange between SOs.

5.86. Similar to other cross-border arrangements under N3, with respect to the integration of GB
into the European balancing platforms (TERRE, MARI and PICASSO), it is likely that GB would
need to develop a technical interface that would enable the BM to be compatible with EU
balancing platforms (see 92.20).

27 EU TSOs could also insist on having the unilateral right to redispatch the GB-Europe ICs using the SIDC
algorithm, which would heighten commercial risks for IC owners. However, it appears to us unlikely that
GB would be willing to accept such an arrangement.
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N3 Price Coupling

5.87. In this section, we set out how Price Coupling (see NO Price Coupling for design details)
could potentially work under the N3 design (“N3 Price Coupling”). Effectively, this section
overlays the N3 market design assuming that GB is fully price coupled with the EU. As
explained above, we assume that when implemented, Price Coupling would apply to all GB
ICs (including NSL and the GB-lIrish ICs).

Forward market

5.88. We assume that the forward market under N3 Price Coupling would function in the same
way as NO Price Coupling described in 92.34 to 2.35, and that GB would participate in the
same manner as the EU.28Under the N3 market design, only FTRs would be traded on GB
ICs.2®

5.89. Market participants would continue to be able to trade bilaterally in the forward market
(and the resulting positions would be financial).

Day-ahead

5.90. Toimplement Price Coupling in a ‘pure’ sense, GB would effectively need to become part of
the SDAC, which would imply that the GB DAM is cleared within EUPHEMIA (that is, akin to
pre-Brexit arrangements).

5.91. Under Price Coupling, the question also arises of whether ICs would be scheduled based on
shadow nodal prices or the GB unconstrained price, which has an important impact on
what information must be forwarded from the GB side to the central Price Coupling
algorithm.

5.92. When scheduling ICs based on shadow nodal prices, intra-GB transmission constraints
would need to be included in the EUPHEMIA algorithm (which would effectively combine a
nodal version of the GB market with the existing zonal-based SDAC).

28 As per the FCA GL, ICs would likely be required to offer IC capacity in the forward timeframe (unless an
exemption is granted) (link).

29 'REMA Dispatch Options Webinar Pre-read’, NESO, 2024 (link): page 18.
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5.93. Computationally, and given the security considerations,??it appears to us that including
GB transmission constraints in EUPHEMIA is highly unlikely to be a credible option in the short
to medium term. Even if, in the longer term, it became computationally feasible, this would
require significant changes to the EUPHEMIA algorithm which would require significant
adjustments | concessions from the EU side.?? On this basis, we have discarded the option
of scheduling ICs based on GB shadow nodal prices under N3 Price Coupling.

5.94. When scheduling ICs based on the unconstrained GB price, EU NEMOs would continue to
feed their order books into SDAC. However, the GB bidding format under central scheduling
would be different from the format under self-scheduling - that is, multi-part bids
containing market participants’ technical details rather than simple bids. It seems likely
that EUPHEMIA would be able to accommodate multi-part bids, as they are similar to the
existing “complex orders” from countries such as Spain that have unit bidding (see 95.63).

5.95. After receiving the EU order books and GB multi-part bids, the EUPHEMIA algorithm would
produce an unconstrained GB price and SDAC prices, which would simultaneously be used
to schedule ICs.??2

5.96. NESO would take the cross-border volume and direction of flows determined by EUPHEMIA
as given (unless physically impossible to clear the GB wholesale market with such flows)
and subsequently determine a final (second) binding central DA schedule by running a
SCUC optimisation. This means that the GB central schedule would be created by
optimising “around” the flows determined by the combined EU + GB EUPHEMIA algorithm,
likely leading to a more costly GB schedule compared to having the ICs scheduled based
on shadow nodal prices.

5.97. The GB price as computed by EUPHEMIA would serve as the GB unconstrained price, e.g.
deviations in the schedule of assets when comparing the GB DA SCUC to the GB DA
schedule determined by EUPHEMIA will be paid transfer payments (relative to the GB
unconstrained price). As ICs are scheduled based on the unconstrained GB price, no
transfer payments for ICs will be required. We consider this option practically feasible, as a
similar approach is already in place for Italy (albeit it has seven bidding zones in place).

220 As discussed earlier, neither GB nor EU side would likely be able to share access to detailed EU order books
and GB market data that includes transmission network information (e.g. live information across all nodes
on demand/supply and physical availability of transmission capacity).

21 such required changes could include a simplification of bidding formats on the EU-side and/or
transitioning from the currently linear pricing rule to non-linear pricing (including uplifts) such as in US
ISO systems.

22 The unconstrained price from EUPHEMIA would be used to calibrate the transfer payments.
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Intraday market

5.98. Assuming there is no IDM under N3, GB would not participate in the SIDC (continuous and
IDAs). The operation of SIDC in the EU has two options:

o Take the scheduled GB-Europe IC flows (defined at the DA stage) as a given and
optimise the flows of other ICs around it; or

o Re-optimise the schedules of the flows on all ICs. If the ID flows determined by the
EU SIDC on GB ICs are different from those determined at the DA stage, the SO in the
relevant EU country would have to pay a penalty price to compensate: (i) the IC for
the lost congestion rents; and (ii) NESO for the cost of redispatch incurred to resolve
the constraint imposed on the GB system. The latter cost would have to be
determined by a re-run of the GB SCUC.

5.99. There is also a possibility that European TSOs would not accept either of the two options
above, and would instead require that they have a unilateral right to redispatch the GB-
Europe ICs using the SIDC algorithm which would create severe complications. This is
unlikely to be attractive to GB.

5.100. As with the N3 Status Quo, not having an ID timeframe in the GB market would create an
uneven position for GB-EU ICs, and could drive the introduction of an ID market in GB in the
longer run. If so, the DA Price Coupling described above would likely be replicated at the ID
stage (except that the Price Coupling would take place as part of one of the SIDC IDAs rather
than SDAC). We do not examine this further in this report.

5.101. Alternatively ID NESO-led procedures could be introduced as described in 95.53.

Real time

5.102. After the DA market, market participants revise their bids and offers for the RT clearing. NESO
would run a SCED to produce a physically binding RT schedule and resolve imbalances
(and any resulting minor thermal constraints) via the activation of response and reserves.

5.103. SOs may modify availability or flows for specific reasons such as emergency assistance or
unexpected intra-country congestion. There would need to be specific arrangements to
compensate IC owners and other parties — broadly in line with existing precedent.

5.104. The IC owner may also need to modify the availability of the IC (e.g. unplanned outages). If
so, it would need to pay a penalty (most likely related to the cost of redispatch actions in
both connected countries).

5.105. Similar to other cross-border arrangements under NO, with respect to the integration of GB
into the European balancing platforms (TERRE, MARI and PICASSO), it is likely that GB would
need to develop a technical interface that would enable the BM to be compatible with EU
balancing platforms (see 92.20).
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N3 Conclusions

5.106. In our discussion above, we have assessed the potential feasibility of combining three
selected cross-border arrangements (Status Quo, MRLVC and Price Coupling) with the N3
market design. In doing so, we have not sought to comment on the preferred option(s) for
cross-border trading arrangements nor on the desirability of the N3 design itself. Rather,
we have taken the N3 market design as given and examined how different cross-border
trading arrangements could be developed or adapted in order to be compatible with the
N3 market design.

5.107. We find that, with suitable adaptations, N3 market design can be made compatible with
Status Quo, MRLVC and/or Price Coupling, although significant trade-offs arise under all
three cross-border arrangement options.?> We summarise our conclusions below:

(i) Other things being equal, it is preferable from a GB perspective to schedule ICs
based on GB shadow nodal prices than the unconstrained GB price, but this would
require transfer payments to ‘make-whole’ ICs. However, if ICs were continued to be
scheduled based on unconstrained GB prices, then the benefits case of moving to
central scheduling becomes less clear.

(ii) It is possible to schedule ICs based on shadow nodal prices under N3 explicit cross-
border trading arrangements. However, the effectiveness of this arrangement is
dependent on the quality of market participants’ forecasts of prices in the
connecting country (which is also the case under NO). In addition, appropriate
measures would need to be developed to allocate risks efficiently among relevant
parties. This would likely be cumbersome to implement and could have potential
unintended consequences. It is also possible to schedule ICs based on
unconstrained GB price, which would likely result in a more costly GB DA schedule
and potentially would require to readjust IC schedules after the GB DAM.

(iii) It is also possible to schedule ICs based on shadow nodal prices under N3 MRLVC.
This would require bids to be pre-processed and converted into net import/export
curves that are submitted to the MRLVC algorithm. There is a trade-off between the
computational burden and the accuracy of the information fed into the MRLVC
algorithm. It is also possible to schedule ICs based on unconstrained GB prices, with
similar drawbacks as under N3 combined with explicit cross-border arrangements.

22 Many of these inherent trade-offs and challenges could be mitigated by introducing a zonal design. This
is examined in Chapters 4 and 6 of this report (in relation to Z1 and Z3 market designs).
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(iv)  Scheduling ICs based on shadow nodal prices is not feasible under N3 Price
Coupling. ICs can only be scheduled based on the unconstrained GB national price
which would likely be costly?* - one potential solution, if Price Coupling is a priority,
would be to introduce zonal pricing (discussed under Z1 and Z3 in Chapters 4 and 6,
respectively).

(v) As scheduling ICs based on shadow nodal prices is feasible under explicit capacity
trading but not under Price Coupling, it follows that under N3 Status Quo, either: 0]
different GB ICs would be scheduled based on different (and potentially conflicting)
GB price signals; (i) all ICs would need to be scheduled based on unconstrained
prices; or (iii) NSL and GB-lIrish ICs would need to revert to an explicit cross-border
trading arrangement.

5.108. We compare our the various N3 cross border arrangements in Table and discuss these in
turn below.

224 Relative to NO combined with Price Coupling, central scheduling with ICs being scheduled on
unconstrained prices would likely have a limited impact on market outcomes (from the cross-border
perspective), though there would be other benefits in terms of central scheduling (e.g. visibility to SO,
market monitoring, scheduling of other two-way assets, e.g. storage).
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Table 5-2: Comparison of N3 cross-border arrangements

Model

Status Quo, considering all ICs explicit

MRLVC

Price Coupling (implicit)

ICs scheduled
based on

Shadow nodal prices

- Unconstrained
 price

ICs scheduled
in a manner
that is GB
system
optimal

Yes, but potentially
sub-optimal
flows will result due
to forecast errors of

some

traders

Shadow nodal prices

Yes, but

some sub-optimal
flows will result due to
simplifications in the
pre-processing of net

import-export curves

potentially

Unconstrained price

Shadow nodal prices

Yes, perfectly
optimal scheduling

Unconstrained

 price

Redispatch of | Limited, depends on Potentially Limited, depends on Potentially Limited, depends on Potentially
ICs (for Tx|level of forecast redispatch in | level of forecast errors . redispatch in | level of forecast  redispatch in
reasons) errors between DA . addition to | between DA and RT. addition to | errors between DA . addition to
and RT. redispatch due to redispatch due to | andRT. redispatch due to
forecast errors at forecast errors at the forecast errors at
the DA stage DA stage the DA stage
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Price Coupling (implicit)

Shadow nodal prices Unconstrained
. price

Model Status Quo, considering all ICs explicit MRLVC
ICs scheduled | Shadow nodal prices . Unconstrained Shadow nodal prices Unconstrained price
based on rice
Costs to | Transfer payments Transfer payments by
consumers by consumers consumers  needed
needed (likely lower (likely lower than GB
than GB schedule schedule cost impact
cost impact from from scheduling ICs on
scheduling ICs on unconstrained GB
unconstrained  GB price)
price)
Feasibility Not very different Similar as Not very | MRLVC feasibility | MRLVC feasibility
(computation | from Status Quo different from | recently questioned by : recently questioned
al, security) Status Quo TSOs and more . by TSOs
complexity due to pre-
processing
requirements for NESO,
including BBZ price
forecast
Confidential
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Model

Status Quo, considering all ICs explicit

MRLVC

Price Coupling (implicit)

ICs scheduled

Shadow nodal prices

Unconstrained

Shadow nodal prices

Unconstrained price

Shadow nodal prices Unconstrained

based on price price
Some concessions | Some concessions | Some concessions | Central dispatch Very limited
required, e.g. | required, e.g. | required, eg. MRLVC  overlay does not
Feasibility (e.g. .
scheduled IC flows | scheduled IC flows | must be compatible = seem to pose
Europe . are firm aofter GB | are firm after GB | with import-export | specific  additional
senEawane) SCUC and impacts | SCUC but limited | curves and impact : hurdles
flows compared to | impact on flows | flows compared to
Status Quo compared to | Status Quo
Status Quo
Feasibility Tailored measures : Similar as Status | No direct issues | Similar as Status Quo | No direct issues @ Similar as Status
(gaming need to be | Quo detected to date, but detected to date, but - Quo
potential) introduced to ensure further  investigation further investigation
appropriate required required
incentives and limit
risk exposure for IC
capacity holders
Commercial Limited if made Limited for ICs | Limited for ICs if made : Limited for ICs | Limited for ICs if Limited for ICs
impacts whole via transfer | (similar to Status | whole via transfer - (similar to Status | made whole via : (similar to Status
(Congestion payments. Quo) payments Quo) transfer payments Quo)
rents) Additional risk for
traders  potentially
impacting IC auction
prices
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N3 — Scheduling based on shadow nodal or unconstrained price

5.109. Asdiscussedin 95.6, it is preferable to schedule ICs based on GB shadow nodal prices
rather than the GB unconstrained price. This is because scheduling ICs based on
shadow nodal prices would enable NESO to create a least-cost schedule across all
assets in GB (e.g. including intra-GB and cross-border assets) that respect the
physical constraints on the GB network, to the extent these are known at the DA stage.

5.110. However, ICs would be exposed to greater commercial risk as they could be
scheduled to flow against the commercial price differential (as these would be on
the basis of wholesale price differentials). To mitigate this risk and prevent disorderly
bidding, NESO would need to introduce transfer payments to ‘make-whole’ ICs (IC
capacity holders under explicit, and IC owners under Price Coupling and MRLVC) for
negative congestion rents and foregone revenues. These transfer payments are a
cost to consumers, and would be calculated based on the difference in their
positions if they were instead scheduled based on the unconstrained GB price.

5111. If ICs were instead scheduled based on unconstrained wholesale prices, we expect
that this would lead to a GB schedule that is suboptimal from a GB system
perspective, as GB assets would need to be scheduled around imperfect IC flows. It
is possible that some low-cost GB assets might not be scheduled due to intra-GB
physical constraints that arise due to these sub-optimal IC flows. As well, this could
potentially lead to an infeasible schedule that requires NESO to reschedule ICs and/or
other assets after the DA SCUC.?* The extent to which the additional costs of a
suboptimal GB schedulg, if ICs were scheduled based unconstrained national prices,
could outweigh the cost of transfer payments (required if ICs were instead scheduled
based on shadow nodal prices), would need to be empirically tested.

5112. We note that a direct consequence of scheduling ICs based on shadow nodal prices
is that IC schedules would be expected to be different to current market
arrangements (NO Status Quo), which would impact SDAC prices. We expect that
more electricity would be imported from Central-West Europe (leading to higher
prices in those countries), whereas more power would be exported to Norway
(leading to lower prices in Norway).

225 Rescheduling ICs after the GB DA SCUC would likely be very costly as it would require paying for
the rescheduling of assets in the relevant BBZ to make changes to the IC schedule possible.
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5113. We are not aware of any precedent where national wholesale pricing would be
combined with central scheduling where ICs are scheduled using shadow nodal
prices.?®

Conclusion 1: Other things being equal, it is preferable from a GB perspective
to schedule ICs based on GB shadow nodal prices than the unconstrained GB
price, but this would require transfer payments to ‘make-whole’ ICs. However,
if ICs were continued to be scheduled based on unconstrained GB prices, then
the benefits case of moving to central scheduling becomes less clear.

N3 — Explicit cross-border trading arrangements

5114. We find that it is feasible to schedule ICs based on shadow nodal prices under N3
market design and explicit cross-border trading arrangements. However, various
measures would need to be developed to maintain appropriate incentives for IC
capacity holders and limit their risk exposure. This would likely be cumbersome to
implement and could have potential unintended consequences.

5.115. Scheduling ICs based on shadow nodal prices would require the introduction of
“virtual IC capacity rights” at the DA IC capacity auctions, which share similarities
with both FTRs and PTRs — holders are not able to nominate flows (like FTRs) but are
required to take a position in the GB DAM or lose the right to the congestion revenue
(like PTRS).

226 A practice that would come closest to the described approach would be the near real-time
coordination of the scheduling of interties, e.g. transmission lines between North American ISOs
that have nodal wholesale pricing in place. In that context, within an ISO’s scheduling algorithm
nodal prices are calculated in the neighbouring ISO market based on approximations of where
generation would be increased or decreased in the neighbouring 1SO’s balancing area (so-called
“proxy buses”). Prices at the proxy-buses are calculated to support exports or allow imports and
are iteratively exchanged between the ISOs to schedule the intertie (referred to as a “coordinated
transaction scheduling”). Such approach could be considered to a very limited extent like MRLVC
as interties are scheduled based on prices that are estimated by ISOs rather than the actual
outturn wholesale prices from the RT market clearing. However, among many differences, the
process it more dynamic and nodal wholesale prices are in place on both sides of the intertie. The
original design of the mechanism in place between most US ISOs is described in ‘Coordinating
congestion relief across multiple regions’ by Cadwalader, Harvey, Hogan and Pope (link).
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5.116. Virtual IC capacity holders that are scheduled in the GB DAM are required to take a
position in the relevant SDAC market to ensure that the IC flows are consistent with
that scheduled by the GB SCUC. As explained above, the relevant IC capacity holders
would be compensated via transfer payments for negative congestion rents and
foregone congestion revenues.

5.117. We have identified five challenges under N3 market design and explicit cross-border
arrangements which would need to be overcome:

o First, the extent that IC scheduling is optimal from a GB system perspective
would be dependent on the quality of traders’ forecasts of the wholesale
prices of the connected markets (which is also true under NO explicit).

o Second (and related), scheduling ICs based on shadow nodal prices in GB
would indirectly impact the prices in connected markets. This could make it
more difficult to forecast these prices, especially in bidding zones with a low
generation/demand relative the size of the IC(s). The materiality of this
impact would need to be empirically tested.

o Third, the SDAC would have to accept that the GB SCUC flows, which would be
based on shadow nodal prices and forecast prices in connected markets, are
firm and independent of the outturn prices in the relevant European bidding
zones.

o Four, additional consideration would need to be made of the appropriate
transfer payments made to (or by) the market participants in scenarios
where due to forecast errors market participants face negative congestion
rents or earn “unintended” congestion revenues. These mechanisms would
need to: (i) ensure that market participants retain the incentive to forecast
prices accurately; while (ii) ensuring that they bear risks that they can
efficiently manage themselves.

o Five, there are potentially increased risks for IC capacity holders under N3
relative to NO, as they do not have access to an ID market to unwind positions
in the event of forecast error. This increased risk could lead to no market
participants would be willing to take a position opposite to the expected
commercial price differential, which would lead to a potential inefficiency in
the utilisation of the IC (at times when the scheduling price differential ends
up having the opposite sign of the anticipated commercial price differential).
This will likely have commercial impacts for IC owners (and may need to be
reflected in the transfer payment mechanism described above).

Confidential 175



FTI Consulting Report for NESO
5. N3: Central scheduling with national wholesale pricing

Conclusion 2: It is possible to schedule ICs based on shadow nodal prices
under N3 explicit cross-border trading arrangements. However, the
effectiveness of this arrangement is dependent on the quality of market
participants’ forecasts of prices in the connecting country (which is also the
case under NO). In addition, appropriate measures would need to be
developed to allocate risks efficiently among relevant parties. This would
likely be cumbersome to implement and could have potential unintended
consequences. It is also possible to schedule ICs based on the unconstrained
GB price, which would likely result in a more costly GB DA schedule and
potentially would require to readjust IC schedules after the GB DAM.

N3 - MRLVC

5.118. It appears that it is feasible to schedule ICs based on shadow nodal prices under N3
MRLVC. NESO would need to pre-process bids submitted to the GB DAM and create
net import/export curves for each IC that would be submitted to the MRLVC operator.
A netimport/export curve summarises the schedule of the IC across a range of prices
in the relevant connected BBZ (assuming that the wholesale prices in the other BBZs
remain constant), and reflects the impact of changing the scheduled IC flows on the
GB shadow nodal price at the IC’s landing point. The MRLVC algorithm would then
jointly clear the net import/export curves with the EU BBZ order books.

5.119. As under NO MRLVC, the extent that actual flows are intuitive — and also GB-system-
optimal - is impacted by a trade-off between accuracy and computational
complexity, as explained in 95.72. In particular, for N3 MRLVC with net import/export
curves, if the optimal schedule of an IC is highly dependent on the flow on other GB-
EU ICs, it would be more accurate to have multiple import/export curves for each IC
based on different assumptions around the schedule of the other ICs. However, this
would increase the computational burden of pre-processing and the time taken for
the MRLVC algorithm to clear, resulting in longer timeframes between order book
submission and of publishing of GB DAM and SDAC prices. On the other hand,
simplifications in the calculation of the net import/export curves could result in a
failure to clear the market (and potential market decoupling) if there is insufficient
time to find an optimal solution.

5.120. Finally, when scheduling ICs based on shadow nodal prices, transfer payments for
negative and foregone congestion rents due to flows against price differentials
would likely be made to ICs. These would be the result of central scheduling rather
than MRLVC, because as explained in 95.71, the compensation payments are
calculated based on the difference between the unconstrained schedule and final
DA constrained schedule, which both take the MRLVC-optimised flows as given.
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Conclusion 3: It is possible to schedule ICs based on shadow nodal prices
under N3 MRLVC. This would require bids to be pre-processed and converted
into net import/export curves that are submitted to the MRLVC algorithm. There
is a trade-off between the computational burden and the accuracy of the
information fed into the MRLVC algorithm. It is also possible to schedule ICs
based on unconstrained GB prices, with similar drawbacks as under N3 explicit.

N3 — Price Coupling

5.121. We do not consider IC scheduling based on shadow nodal prices to be feasible under
N3 Price Coupling. For there to be Price Coupling, the GB DA and (EU) SDAC would, by
definition, simultaneously clear within a single algorithm. Under N3, this implies the
GB central schedule would be an output of the EU+GB clearing algorithm, which
appears to be highly unlikely:

o First, this would require GB network information (physical parameters of all
intra-GB transmission lines) to be shared with the European MCO, e.g. the
entity running the Price Coupling algorithm. We understand from NESO that
this would not be possible from a security perspective;

o Second, it does not seem computationally feasible for the Price Coupling
algorithm to be able to simultaneously clear the SDAC (which is zonal-based)
with a nodal version of the GB market — particularly given that EUPHEMIA
already has difficulties related to running times. This may be a transitional
issue, and could potentially change in the medium to longer term as
computing power continues to improve;

o Third, even if it were technically possible, Price Coupling under N3 would
require an overhaul of the current SDAC clearing algorithm and would
increase running times. On the face of it there seems limited incentive for EU
participants to incur the disruption and cost of accepting the necessary
changes in the short term. In this report we, in agreement with NESO, prioritise
solutions that require only minimal accommodations made by the EU.

5122. We therefore consider that Price Coupling under N3 would only be possible if ICs were
scheduled based on GB unconstrained prices, which as discussed in 95.10, would
result in a GB schedule that is suboptimal from a GB system perspective. One
potential solution would be to introduce zonal pricing which could, to an extent,
mitigate the extent of suboptimal flows. This is because relative to GB unconstrained
national prices, GB unconstrained zonal prices would be better aligned with GB
shadow nodal prices. Scheduling ICs based on unconstrained zonal prices would
therefore be more similar to that based on GB shadow nodal prices. We discuss this
option in greater detail in Chapter 6 (z3 market design).
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Conclusion 4: Scheduling ICs based on shadow nodal prices is not feasible
under N3 Price Coupling. ICs could only be scheduled based on the
unconstrained GB national price which would likely be costly — one potential
solution, if Price Coupling is a priority, would be to introduce zonal pricing
(discussed under Z1 and Z3 in Chapters 4 and 6, respectively).

N3 — Existing implicit cross-border trading arrangements

5123. Itis, in theory, possible to have both explicit and implicit trading arrangements under
N3. However, there are limitations as to how ICs could be scheduled under different
cross-border arrangements. As discussed above, we consider it feasible under N3 to
schedule ICs based on GB shadow nodal prices under explicit trading but not implicit
trading. Under the N3 Status Quo arrangement there are, therefore, three potential
options:

o Different cross-border trading arrangements for different ICs, which would

imply that potentially not all ICs would be scheduled based on the same
types of price signals, which would be a concern.

o All ICs are scheduled using the same cross-border trading arrangements as
they currently are. This would imply that the scheduling of the ICs would be
based on the GB unconstrained price, which would mean missing out on the
opportunity for ICs under an explicit cross-border arrangement to be
scheduled based on shadow nodal prices.

o Reverting NSL and GB-lrish ICs to an explicit cross-border trading
arrangement, which would allow all ICs under N3 Status Quo to be scheduled
based on shadow nodal prices.

Conclusion 5: As scheduling ICs based on shadow nodal prices is feasible
under explicit capacity trading but not under Price Coupling, it follows that
under N3 Status Quo, either: (i) different GB ICs would be scheduled based on
different (and potentially conflicting) GB price signals; (ii) all ICs would need
to be scheduled based on unconstrained prices; or (iii) NSL and GB-Irish ICs
would need to revert to an explicit cross-border trading arrangement.
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In this chapter, we discuss how the Status Quo cross-border arrangements, MRLVC and
Price Coupling could potentially work under the Z3 market design, in which GB moves to
zonal wholesale pricing and central scheduling. We start with a section introducing the
key market design assumptions and a section describing the different prices that can
be used to schedule IC flows under Z3.

Key market design assumptions

6.. NESO’s view of the Z3 strawman dispatch model is set out in Figure 6-1 below. This is
identical to the N3 strawman dispatch set out in Figure 5-1 except that trades are settled at
the zonal wholesale market clearing price rather than the national wholesale market
clearing price.

Market Decisions System Operator / Market Operator Co-ordination
i Bilateral trading Is financial or'ly\l{
H o
=' Financial trading
Bilateral 1
trades E :
E ' Trades settled at DA
g T market clearing price
FE
5
a " . A A
Multi-part bic: Self- DA schedul | self- Unit
energy and ancillary| schedule an;cannI'IJaes H hedul Multi- Advisory {tment 5-min
N N y SCl ule " commitmen .
i senrn:‘es (optional) services (optional) part bid schedules instructions dispatch
)
= . Day-ahead ~ - H 5 Real-time SC
= : ﬁ:ta:";z'.j > scuc  » Dar """?tad unit .. R;fj' dt.'me > Real-time SCUC optimisation —> economic
5 E ma ing optimisation commitment E ldding dispatch
o
;- MO/SO uses SCUC to produce E T RTM becomes the only
financially binding schedules | market for physical dispatch
Forward Day-Ahead market Real-time market
. . ’ . .
Figure 6-1: NESO'’s view of the Z3 market design
Source: ‘REMA Dispatch Options Webinar Pre-read’, NESO, 2024 (link): Figure 16.

6.2. The key market design assumptions under the Z3 market design are the same as the N3
market design described in 45.2. The only exception is that in Z3, alongside shadow nodal
prices, unconstrained zonal (rather than national) prices would be produced for
commercial settlement purposes of load and generation.??’

227 An exception being when ICs are scheduled based on unconstrained zonal prices. In this case, the
unconstrained prices also have a scheduling purpose.
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6.3.

6.4.

6.5.

A key assumption underpinning this market design is that resources would be centrally
scheduled using shadow nodal prices??8 (e.g. taking into account transmission network
capabilities), but resources would be compensated using unconstrained zonal prices
(effectively approximating the zonal prices that they would have been exposed under a
hypothetical zonal self-scheduling design).

To achieve this, NESO would need to develop a methodology to determine the
counterfactual unconstrained zonal schedule and associated prices. Such methodology
would require NESO to determine the commercial cross-zonal transmission capacity that
can be allocated in this counterfactual “unconstrained” zonal GB DAM clearing. For the
purposes of this report, we assume that like Z1, the zones within GB would be price coupled
in the zonal GB DAM clearing. NESO’s approach to determining available cross-zonal
transmission capacity can either be based on the NTC or flow-based methodology.??® The
unconstrained zonal price would also be an output of the zonal GB DAM clearing.

Similar as under N3, we assume that market participants are compensated via transfer
payments under Z3. There are two potential forms of transfer payments that units can
receive:

o Assets that are scheduled to operate but are loss-making when receiving the
"unconstrained” zonal price are assumed to be paid a top-up to make them whole.
This is an essential feature of centrally scheduled markets without nodal pricing in
place as otherwise the SO would be, potentially, committing market participants to
operate below-cost, which would induce inefficient exit from the market;

o Similarly, assets that are not scheduled to operate but would have been scheduled
in a hypothetical “unconstrained” schedule are compensated for the foregone
revenues. Unlike the point immediately above, this feature is a design choice.
Alternative approaches are possible where such a compensation is not made
(although we would note that these might lead to perverse incentives on the market
participants’ bidding behaviour).2°

228 We discuss below the rules that would apply specifically to ICs which may diverge from this assumption.

2% There are also other alternatives for the determination of cross-zonal transmission capacity, for example

NESO could alternatively fix the cross-zonal capacity to the inter-zonal flows from the central schedule

and clear the counterfactual GB DAM around those inter-zonal flows. We recognise that the choice of
determination of the counterfactual zonal prices and schedules could have important impacts on the

quantum of transfer payments, which would need to be empirically tested. However, we do not explore

the details and implications of each alternative in this report.

20 These transfer payments ensure that market participants that expect to not be centrally scheduled do
not have the incentive to self-schedule. For example, an asset that would expect not to be centrally

scheduled but has a lower marginal cost than the unconstrained zonal price would have an incentive to

self-schedule. As such, that asset would receive the zonal wholesale price and make a profit. However,
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6.6. Compared to N3, the required transfer payments for assets under Z3 are expected to be
lower because of volume and price effects. Units that are centrally scheduled but loss-
making under N3 (e.g. thermal generation constrained on in the South) would, under 73,
tend to receive higher wholesale (zonal) electricity price compared to N3. As such, they are
more likely to be scheduled in the unconstrained zonal schedule and, even if they continue
not to be scheduled, they typically will receive a higher zonal than national unconstrained
price. Hence, as illustrated in Figure 6-2 below, the required top-up (or transfer payment)
would be lower under Z3 compared to N3.

Asset scheduled in: Asset scheduled in:

I central schedule I central schedule

. National unconstrained schedule - National unconstrained schedule
[ Zonal unconstrained schedule [l Zonal unconstrained schedule

SRMC

No transfer

payments as

asset is Transfer payment
scheduled in as asset is central
zonal schedule schedule but
SRMC loss-making as
SRMC > Pyariona:

Transfer payment as asset is
in central schedule but loss-
making as SRMC > Pyaional

Transfer payment as
asset is in central
schedule but loss-

making as SRMC = Py,

National Zonal Mational Zonal

Figure 6-2: lllustrative example of the impact of moving from N3 to Z3 on
transfer payments for a unit that is centrally scheduled but may not be
part of the unconstrained schedules

Source: FTI Consulting

this self-scheduling action would lead to a sub-optimal central schedule. In case a transfer payment is
provided to this asset, the incentive to self-schedule would not be there anymore. Restricting market
participants from self-scheduling in such scenario would not avoid the need for transfer payments due
to issues with disorderly bidding, e.g. market participants would bid below their short-run marginal costs
to ensure being scheduled which can potentially lead to a sub-optimal schedule.
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6.7.  Units that would have been scheduled in a hypothetical unconstrained national schedule
but not in the central schedule (e.g. renewable generation constrained off in the North) are
less likely to be scheduled in the hypothetical unconstrained zonal schedule. Again, even if
they were scheduled in the hypothetical unconstrained zonal schedule, they would have to
be paid typically a lower transfer payment because the foregone inframarginal rent would
be calculate using the relevant unconstrained zonal price rather than the unconstrained
national price.?® Hence, as illustrated in Figure 6-3 below, the required top-up (or transfer
payment) would be lower under Z3 compared to N3.

Asset scheduled in: Asset scheduled in:

. Central schedule I central schedule

. National unconstrained schedule . National unconstrained schedule
[ Zonal unconstrained schedule B Zonal unconstrained schedule

Transfer payments equal to foregone
inframarginal rent as asset is
scheduled in the national schedule
but not in the central schedule

Transfer payments equal to foregone
inframarginal rent as asset is
scheduled in the national schedule
but not in the central schedule

Phational

Transfer payment also scheduled in the zonal
schedule, but foregone rents are lower than
under national pricing as Pyona< Prational

§\\§ Prona

b SRMC

Puational

No transfer payment as
asset is neither scheduled
in the zonal schedule

i

N

National Zonal National Zonal

SRMC

Pzonal

Figure 6-3: lllustrative example of the impact of moving from N3 to Z3 on
transfer payments to a unit that is not centrally scheduled but may be
scheduled in the unconstrained schedules

Source: FTI Consulting

21 Because the zones where that would occur are typically renewable-rich zones with zonal prices that are
lower than an alternative national price (e.g. zones in Scotland).
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8.8. Adirect consequence of: (i) scheduling all GB assets on shadow nodal prices via an SCUC
(including or not ICs, as discussed below); and (ii) having load paying an “unconstrained”
zonal price and generators receiving an “unconstrained” zonal price, is that intra-GB
congestion rents would typically be lower than under Z1 (they can occasionally even be
negative).?® This implies that transfer payments for intra-GB transmission would need to
be introduced to make the transmission owners whole relative to the congestion rents they
would have received under an unconstrained zonal schedule. 23 Conceptually, these
transfer payments are similar as for ICs when being scheduled based on shadow nodal
prices as discussed under N3 (and in more detail as well for Z3 below).

6.9. Inaddition to the market design elements of N3, under Z3 NESO would need to overlay some
assumptions that relate to the Z1 market design described in 914.2, as well. These are:

o market participants only have firm access to the transmission network within their
zone, but not outside their zone;

o forward energy contracts can be settled based on zonal unconstrained wholesale
prices or hub prices (e.g. average load-weighted zonal price). However, different
than under 71, all forward energy contracts, whether traded via an exchange or OTC,
would only be financial and not physical;

o forward GB cross-zonal transmission rights would be implemented in GB to enable
market participants to hedge prices across GB zones. However, different than under
Z1, these GB cross-zonal rights can only be FTRs.

Prices used to schedule IC flows

6.10. Similar to N3, under each Z3 cross-border trading arrangement, there are two potential
options that NESO could use to schedule ICs:

o Option 1: Based on the price difference between the GB shadow nodal price at their
landing point and the wholesale price in the connected market.

o Option 2: Based on the price difference between GB zonal unconstrained price in
the ICs connecting zone and the price in the connected market, which is
conceptually consistent with how the IC capacity holders currently earn congestion
rents (albeit relative to national GB wholesale prices).

22 Intra-GB congestion rents are calculated by multiplying the unconstrained zonal price difference with the
scheduled flow across the relevant zonal boundary. Alternatively, intra-GB congestion rents can be
calculated as the difference between the total payments collected from GB load and the total payments
made to GB generators corrected for imports and exports via ICs.

3 In practice, the transfer payments would not impact regulated TOs that earn regulated returns on their
transmission assets as the transfer payments (which are financed by consumers) would ultimately be
returned to consumers. However, the transfer payments could impact Competitively Appointed
Transmission Owners (“CATOs”). We do not examine the implications for CATOs further in this report.
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6.11.

6.12.

6.13.

6.14.

6.15.

For Option 1, the end-to end process for each cross-border arrangement under Z3 would
be virtually identical to that under N3. The IC transfer payments are expected to be lower
under Z3 compared to N3 as the “scheduling prices” in GB, e.g. shadow nodal GB prices, are
expected to be closer to the “commercial prices” under Z3, e.g. unconstrained zonal prices,
than to the commercial prices under N3, e.g. unconstrained national prices.

With regards to Option 2, we explain in N3 that scheduling ICs based on the unconstrained
GB national price is likely to limit the potential reduction in redispatch costs associated with
central scheduling, as IC flows would often likely be incompatible with the physical GB
transmission network and leading to a more costly GB schedule. We did not consider this
option further as it seemed to us not to align with other design principles of N3.

However, under 73, assuming that the zonal boundaries align reasonably well with
transmission bottlenecks, we expect unconstrained zonal prices to better reflect system
constraints than the unconstrained national price. Given this, we expect that the downsides
of scheduling IC flows based on zonal unconstrained prices under Z3 to be less severe than
under N3 and therefore there are merits for this option to be explored in more depth.

Under Option 2, the end-to-end process of the market would be the same as N3, but the
cross-border arrangements would be more similar to Z1. In particular, scheduling ICs based
on unconstrained zonal prices would imply that there would be no need for IC transfer
payments. This is because the prices used to schedule the ICs are the same prices as those
that they are commercially exposed to.

While the GB schedule can be expected to be less system-optimal under Option 2
compared to Option 1, Option 2 can lead to fewer complexities in IC scheduling (as
described in more depth when discussing the different cross-border arrangements). At the
same time, compared to Z1, such an IC scheduling approach would still allow for leveraging
other potential benefits of central scheduling: earlier resolving of transmission constraints,
and/or potential to implement the co-optimisation of energy and AS scheduling, and/or
more transparency for NESO in managing the system.

Z3 — Status Quo

6.16.

In this section, we set out how the Status Quo cross-border trading arrangements in GB
(that is, explicit trading for NWE ICs and implicit trading on NSL and GB-lIrish ICs) would work
under the Z3 market design (“Z3 Status Quo”). We find that the end-to-end process of Z3
Status Quo is virtually identical to that for N3 Status Quo. In this subsection, we therefore
focus on: (i) how the challenges and compatibility issues may differ between Z3 and N3
with ICs scheduled based on shadow nodal prices; and (i) how IC scheduling based on
unconstrained zonal prices would be different from scheduling ICs based on shadow nodal
prices under Z3.
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6.17. As with N3, a major challenge in integrating the Status Quo cross-border trading
arrangements is that Z3 does not have an IDM, which is incompatible with the current ID
implicit trading arrangements for the GB-Irish ICs.?** We therefore make the same
assumptions as in N3 that it would be possible to couple the I-SEM and GB at DA instead of
at ID (that is, aligned with cross-border arrangements between GB and NO2 via NSL).

Forward market

6.18. Independent of whether ICs are scheduled based on shadow nodal prices or unconstrained
zonal prices, the forward market under Z3 Status Quo would work in a similar to N3 status
quo explained in 915.15. As per N3 Status Quo:

° NESO and the relevant European TSOs would calculate the available capacity on the
explicitly traded NWE ICs. The determined IC capacity would be made available in
the various forward market timeframes through JAO or alike.

o Forward trading is purely financial, such that only FTRs would be traded in the
forward market. The volume of these FTRs would be limited by the expected
physically available IC capacity to ensure that forward contracts can be settled
from the revenues of the DA IC capacity auction.

° Holders of FTRs from the forward market can choose to: (i) sell their FTRs back in the
DA IC capacity auction and receive the clearing price of the DA IC capacity auction;
or (ii) convert their FTRs into “virtual IC capacity rights” so as to hedge against the
difference between DA wholesale price in the connecting IC zone and the DA
wholesale price in the connected market. Unlike N3 (and similar to Z1) however,
market participants may choose to acquire additional GB cross-zonal transmission
rights to hedge price risk between the GB IC zone and other GB zones and/or a GB

hub.
o We assume that NSL and the GB-Irish ICs would continue not to offer these products.
o Market participants and IC capacity holders (but not IC owners) would continue to

be able to trade bilaterally in the forward market (and the resulting positions would
be financial).

6.19. The unconstrained zonal wholesale prices in the GB IC zones could potentially become
more volatile (in some zones during some periods) than under a national wholesale price
(as under NO/N1/N3). The extent to which increased wholesale price volatility would
materialise under zonal pricing could affect the valuation of cross-border transmission
rights. This could be either a positive impact (if the increased volatility led to wider price
spreads between the GB IC zone and the connected European zone), or a negative impact
(if the increased volatility discouraged trading). The balance of these two impacts would
need to be further assessed empirically.

24 This would no longer be an issue if, as explained in 15.82, an IDM is introduced in the future under the
market design with central scheduling (N3/23).

Confidential 186



FTI Consulting Report for NESO

6. Z3: Central scheduling with zonal pricing

Day-Ahead market

Northwest Europe ICs

6.20. As per N3, we assume that the IC capacity for NWE ICs would continue to be explicitly traded
on separate DA IC auctions. This takes place before the GB DAM (during which NESO runs a
SCUC to produce a GB central schedule), which in turn runs before the SDAC (cleared via
the EUPHEMIA algorithm).

6.21. The overview of the process of the DAM auctions under Z3 is the same as N3 described in
95.22 to 5.26, albeit there are some differences in how the counterfactual schedule and

unconstrained prices are determined. We summarise this in Figure 6-4 below.

2) 3

DA IC capacity auctions

» NESO determines total
available IC capacity for
auction.

® Traders would bid into the

expectations of the GB
unconstrained zonal price in
the GB IC zone and the
connected market.

® DA IC auction clears, with
successful participants being
allocated “virtual IC capacity
rights”.

DA IC auction, based on their

GB DAM (cleared via SCUC)

= All virtual IC capacity right
holders are required to take a
(energy) position in the GB DAM.

» The optimal bidding strategy for
IC capacity right holders would
be to bid/offer in the GB DAM at
the expected DA price of the
connected market.

= Other market participants as
well bid/offer into the GB DAM.

SCuc

= NESO receives all bids/offers and
runs the SCUC to produce a firm
DA schedule...

= ... which identifies which virtual
IC capacity holders are cleared in
the GB DAM (hence defining the
direction of intra-GB and cross-
border flows).

Counterfactual (in parallel or after
the SCUC)

= Based on the same bids/offers,
NESO runs a zonal GB DAM
clearing to determine
counterfactual unconstrained
zonal schedule and prices.

SDAC (cleared by Euphemia)

= Virtual IC capacity holders
that are scheduled by the
SCUC in the GB DAM are
required to submit price-
taking orders into the SDAC.

= Bids/offers from the IC
capacity holders, jointly with
all market participants in the
SDAC are fed into Euphemia,
which clears SDAC.

Figure 6-4: DA market process and cross-border trading under Z3

Source: FTI Consulting

6.22. As explained above, NESO can either schedule ICs based on GB shadow nodal prices
(Option 1) or GB zonal unconstrained price (Option 2).
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ICs scheduled based on shadow nodal prices

6.23. Scheduling IC flows based on shadow nodal prices means that the direction of the
scheduled flow on the IC is not necessarily aligned with the commercial price differential,
which can lead to the introduction of intentionally counterintuitively scheduled flows.

6.24. In Section 5 we identified several potential issues if NESO chooses to schedule ICs based on
shadow nodal prices under N3, in particular: (i) need for a transfer payment mechanism to
‘make-whole’ IC capacity holders; (ii) risk of scheduled flows that are misaligned with the
scheduling prices; and (iii) risk of lack of participation in the bidding of IC capacity rights in
the opposite direction. We find that the same issues are relevant under Z3, albeit to a lesser
extent as the commercial price differential (based on unconstrained zonal prices) is more
likely to be aligned with the scheduling price differential (based on shadow nodal prices).

6.25. Similar to N3, NESO would need to implement a transfer payment mechanism under Z3 to
compensate IC capacity holders for negative congestion rents and foregone revenues to
ensure that they earn the same revenues to that if they were instead scheduled based on
the commercial price differential. However, as we expect the divergence between
unconstrained prices and shadow nodal prices to be much smaller under Z3 relative to N3,
we would therefore expect the level of transfer payments required to maintain the
appropriate balance of incentives and risk for market participants to be lower.?*

6.26. Bidding for IC capacity rights in the opposite direction of the expected price differential
under Z3 Status Quo would function in the same way as N3 Status Quo. These rights provide
the IC capacity holder with an ‘option value’, which materialises when actual flows are in
the opposite direction than initially expected based on the commercial price differences.

6.27. AsZ3 does not have an IDM, IC capacity right holders are not able to unwind their positions
after the DAM and therefore face additional downside risk and higher likelihood of incurring
losses. Therefore, there is a risk that no market participants would be willing to take a
position opposite to the expected commercial price differential, which would lead to a
potential underutilisation of the IC (at times when the scheduling price differential ends up
having the opposite sign of the anticipated commercial price differential). We expect the
level of risk under Z3 to be lower than under N3 as the scheduling price differential is less
likely to have the opposite sign to the anticipated commercial price differential.

285 For example (as explained in 95.30 to 95.35) when IC capacity holders earn negative congestion rents
due to their own forecast error or if they earn positive congestion rents only because the IC was scheduled
based on shadow nodal prices.
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6.28. In parallel with or directly after the GB DA SCUC, the “counterfactual” unconstrained GB
zonal DAM clearing can be done to determine the unconstrained zonal DAM prices and
unconstrained zonal DAM schedule. The same information that served as an input for the
GB DA SCUC can be used, including the bids/offers from the DA IC capacity holders.
Alternatively, the ICs as scheduled in the GB SCUCs can be used as an exogeneous input in
the unconstrained GB zonal DAM clearing. In that case, unconstrained GB zonal market
clearing would come after the GB DA SCUC. The difference between the GB zonal DA
clearing and the GB DA SCUC is that in the GB zonal clearing not all network constraints
would be reflected but only NTCs or flow-based constraints between GB bidding zones.

ICs scheduled based on unconstrained zonal prices

6.29. NESO can alternatively choose to schedule ICs based on zonal unconstrained prices. If so,
the price used to schedule ICs is always aligned with the commercial price, such that there
would be no need for IC transfer payments and the issues described above would no longer
be relevant. Counterintuitive flows are still possible. However unlike when scheduling ICs
based on shadow nodal prices, the counterintuitive flows would always be unintentional
(e.g. due forecast errors from IC capacity holders).

6.30. The unconstrained GB zonal DAM clearing would need to be performed before the SCUC to
determine the schedule of ICs. This is unlike if ICs were scheduled based on shadow nodal
prices, where the unconstrained GB zonal DAM clearing can take place in parallel or after
the SCUC (see 16.28 above).

6.31. The same clearing would produce the unconstrained zonal DAM schedule and zonal prices.
After, the GB DA SCUC schedule is run,?® in which all GB assets are scheduled nodally
“around” the ICs schedules as determined in the unconstrained GB zonal DAM clearing. As
described in the beginning of this chapter, the GB central schedule can be expected to be
less optimal compared to when scheduling ICs based on shadow nodal prices. However,
there are also potential benefits (e.g. fewer complexities in IC scheduling and no need for
IC transfer payments).

6.32. Under both types of scheduling prices, the IC schedules as determined in the GB DA SCUC
or the unconstrained GB zonal DAM clearing will be an exogeneous input into the European
SDAC (which is cleared after).

2% QOptionally there would be the opportunity to allow for a revision by GB market participants (except for DA
IC capacity holders) of bids/offers submitted to the GB zonal DAM clearing before the GB DA SCUC.
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NSL and GB-Irish ICs

6.33. We expect that NSL and GB-lIrish ICs would likely need to move to explicit auctions,
regardless of whether they are scheduled based on shadow nodal prices or unconstrained

zonal prices.

ICs scheduled based on shadow nodal prices

6.34. We expect the issues identified under N3 with regards to NSL and the GB-lIrish ICs to be
similar under Z3, such that they would likely need to move to explicit auctions:

As explained in 915.41, for Norway to remain coupled at DA stage between GB and
NO2, a single entity would need to jointly define prices in GB and NO2 and associated
flows on NSL. There are two options for the single entity — N2EX or NESO — but both
options appear impracticable for security reasons.?®” Unless these can be effectively
addressed, we expect that the NSL may need to move to explicit arrangements; and

Similar issues would apply to the GB-Irish ICs, with the added complications that: (i)
unlike NO2, the I-SEM market may not be sufficiently liquid to sustain two parallel
prices (one for the GB-Ireland coupled market clearing and one for the separate I-
SEM market clearing); and/or (ii) it may not be possible to implicitly couple the GB-
Irish ICs and NSL at the same time once Celtic comes online. Ireland and Norway
would then be connected via an extended electrical path (e.g. via North-Western
EU countries) that does not go through GB, such that the implicit GB coupling would
have an impact on the capacity between Ireland and Norway (which would likely
lead to important inefficiencies).

%7 If the role was played by N2EX, it would need to receive all information that the SO would have otherwise

used to centrally schedule the GB DAM, which is unlikely to be acceptable to GB. If it was instead played
by NESO, NESO would need to receive sensitive information on the bids and offers in NO2, which is unlikely

to be accepted to Norway.
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ICs scheduled based on unconstrained zonal prices

6.35.

We expect the issues identified under Z1 with regards to NSL and the GB-Irish ICs to be similar
under Z3. In case those issues would not be able to overcome, the fallback solution would
be to move the cross-border arrangement on NSL and the GB-Irish ICs to explicit auctions:

o While we deem for NSL the option to keep the Price Coupling process between NO2
and the relevant GB zone separate from the intra-GB Price Coupling process?8at
least in principle, workable, we do not consider it future proof to new ICs between
Norway and GB that connect to different GB/NO zones than NSL. This is because
transmission capacity on the relevant bidding zone borders within GB and/or within
Norway would need to be reserved for the separate market coupling process
between GB and Norway, which is likely to be inefficient.

o Trade-offs for keeping the coupling between I-SEM and GB separate from the intra-
GB Price Coupling process mirror the ones for NSL, with the added complexity of
already having multiple ICs between GB and I-SEM potentially connecting to
different GB zones. The concurrent clearing of I-SEM with several GB zones via the
GB-Ireland coupling would imply that the determination of flows on bidding zone
borders within GB determined by the GB-Ireland clearing would interact with the
intra-GB Price Coupling process, which takes place separately. In practice this could
imply having to reserve cross-zonal capacity within GB for the GB-Ireland clearing,
which is highly likely to be complex and, more importantly, inefficient.

Intraday market

6.36.

6.37.

6.38.

The ID timeframe for Z3 Status Quo would work in the same way as N3 Status Quo. As the 73
market design does not have an IDM, there would no longer be any IC capacity auctions in
GB for the explicitly traded ICs at the ID stage. In Europe, the SIDC would take the DA GB-
Europe IC flows determined in the DA stage as given and optimise around them.

As described in 15.49, this is more favourable to EU market participants and intra-EU ICs
(as they can refine their positions in the SIDC) compared to GB-EU ICs and could create an
incentive for GB to introduce an ID market to complement the DAM in the long run.

It is possible that as an alternative to an IDM, ID NESO-led procedures would be putin place
to reschedule assets in case the necessity of doing so would be known significantly before
real-time. An example can be a major outage of a GB asset or IC. Not having such ID
processes in place could lead to foregoing potential lower cost alternative (relative to the
available solutions available in RT) to resolve (forced) deviations from the DA SCUC
schedule.

28 |n this case, N2EX would be responsible for the market clearing of only the relevant GB price zone where
NSL connects (“GB NSL zone”), NO2 and the flows on NSL.
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Real time

6.39. The RT stage for Z3 Status Quo would work in the same way as N3 Status Quo. After the DA
market, GB market participants would revise their bids and offers for the RT clearing. NESO
would re-run the SCUC optimisation to produce a physically binding RT schedule and
resolve imbalances (and any resulting minor thermal constraints). Default the IC flows
would be fixed to their positions at DA.

6.40. If necessary, we assume that NESO would continue to be able to adjust IC flows in RT using
SO-SO trades and emergency services.

Z3 - MRLVC

6.41. Inthis subsection, we set out how the MRLVC design would work under the Z3 market design
(“z3 MRLVC"). We find that the end-to-end process of Z3 MRLVC is virtually identical to that
for N3 MRLVC. In this subsection, we therefore focus on: (i) any differences between the
market designs; and (ii) how the challenges and compatibility issues may differ between
Z3 and N3. As per the other market designs, we assume that when implemented, the MRLVC
would apply to all GB ICs (including NSL and GB-Irish ICs).

Forward market

6.42. The forward market under Z3 MLRVC would work in a similar way as in N3 MRLVC:

. ICs can choose to participate in JAO forward auctions and offer capacity for various
market timeframes;3°

o Only FTRs would be traded on GB ICs. These would be settled based on the
difference between the DA prices in the GB IC zone and the bidding zone of the
connected market. Unlike N3 (and similar to Z1) however, market participants may
choose to acquire additional GB cross-zonal transmission rights to hedge price risk
between the GB IC zone and other GB zones and/or a GB hub; and,

o Market participants would continue to be able to trade bilaterally in the forward
market (and the resulting positions would be financial).

9 Currently, only IFA, IFA2, ElecLink, Nemo Link, Viking Link and BritNed participate in these auctions. In
principle, NSL and GB-irish ICs could also participate.
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Day-Ahead

6.43. Under Z3 MRLVC, the calculations of available capacity and the BBZ-EU Flow Forecast
continue to be performed prior to DA market closure, which occurs simultaneously for both
the SDAC and GB DAM. BBZ NEMOs would also continue to combine their received orders
and submit order books to the MRLVC algorithm. On the GB side, however, NESO would no
longer submit an order book as under NO. There are two potential input options that could
be fed into the MRLVC, which affect the choice of prices that can be used to schedule IC

flows:
o market participants’ technical details, which due to computational constraints,
would require ICs to be scheduled based on the unconstrained GB zonal price; and
o net import/export curves that reflect the cost to the GB power system at the IC

landing points of deviating from an estimated central schedule, which would enable
ICs to be scheduled based on GB shadow nodal prices.

6.44. We compare the two potential input options into the MRLVC algorithm in Table 6-1 below.
We highlight in grey areas of differences relative to N3 MRLVC. In all other aspects, the 73
and N3 MRLVC designs are identical.
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Table 6-1: Comparison of input options to the MRLVC (differences compared
to N3 are highlighted in grey)

Market
technical detail

participants’

Net Import/Export curves

Entity submitting GB

information to MRLVC

NESO or GB PX

NESO (after
processing)

pre-

GB price used to schedule
ICs

Unconstrained zonal price

Shadow nodal price

Pre-processing
requirements

Low, if technical details are
directly fed into the MRLVC
algorithm

Medium, if technical details
are translated/simplified
before inputting into the

MRLVC algorithm

High, as NESO would need
to produce an initial central
net

schedule and

import/export curves
based on nodal bids. These

would be zone-specific.

MRLVC computational Likely possible, given that Likely possible, as

feasibility EUPHEMIA is able to information would be pre-
accommodate complex processed before
bids submission to MRLVC

Likely level of NESO Higher but not significantly Lower, as MRLVC-

redispatch required so, ds MRLVC-optimisation optimisation based on

would be based on zonal
prices that reflect major
transmission constraints

shadow nodal prices that
fully reflect GB transmission
constraints

Transfer payments required

None, but likely a slightly
more costly GB schedule as
GB assets must schedule
IC (or the IC
schedules may need to be

around

readjusted). The zonal GB
schedule in Z3 is likely to be

Required if MRLVC-
optimised flows are against
commercial price

differentials. Lower transfer
payments expected under
Z3 compared to N3.

somewhat inefficient, but
less so than under N3.

Security risks lLow, as no network Low,as networkinformation
information provided to is processed by NESO

MRLVC operator

Changes required from EU

Update to bidding formats,
which seems feasible given
existing complex bids

MRLVC algorithm  would

need to be able to
accommodate
import/export curves,

which seems feasible
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6.45.

6.46.

6.47.

6.48.

Under N3 MRLVC, we considered the option with net import/export curves (which have
higher pre-processing requirements) to be more appropriate due to significant downsides
to scheduling ICs based on the unconstrained national price under central scheduling (that
is, a more costly GB schedule with high volumes of redispatch). Under Z3 however, we
consider that the option with inputting market participants’ technical details would be the
preferred option as: (i) the downsides are smaller compared to that under N3 MRLVC; (i) it
has lower pre-processing requirements than the import/export curves; and (jii) is likely to
be feasible (both computationally and in terms of the degree of accommodations required
by the EU).

Given this, we assume market participants’ technical details would be an input into the
MRLVC in the remainder of the section. The market operator would aggregate the technical
details submitted by market participants (and potentially convert them into a suitable
format) before inputting these into the MRLVC algorithm to optimise (firm) GB-BBZ flows.
Based on these firm flows from the MRLVC, NESO would then run a second SCUC that
calculates afinal (binding) DA central (zonal) schedule around the MRLVC-optimised flows.
As a result, NESO does not play a role in determining the direction of these flows.

As ICs are scheduled based on unconstrained zonal prices, transfer payments would not
be required. There is a risk that it may not be possible for NESO to determine a physically
feasible DA central schedule with the MRLVC-optimised flows. We do not expect this to be
a significant issue as the MRLVC-optimisation would take into account the major GB
transmission constraints. The frequency and extent of this risk would require empirical
testing. In such cases, NESO and European TSOs would need to develop suitable fallback
procedures (similar to that described in 95.78 for N3 MRLVC).

If net import/export curves were used instead, the MRLVC optimisation would follow the
same process as that described in 915.76 to 5.77 .

Intraday market

6.49.

6.50.

The MRLVC is intended to be a DA trading solution and potential post-Brexit ID trading
arrangements are yet to be explored. Given this, and in line with the Z3 market design, we
assume that there would be no ID trading in GB. The ID arrangements in Europe would
remain the same as that described for N3 MRLVC.

As described in Z3 Status Quo ID NESO-led procedures, instead of an IDM, could be put in
place to reschedule assets in case the necessity of doing so would be known significantly
before real-time.

Real time

6.51.

The RT stage for Z3 MRLVC would work in the same way as Z3/N3 Status Quo and N3 MRLVC.
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Z3 Price Coupling

6.52. In this section, we set out how Price Coupling could potentially work under the Z3 design
(“z3 Price Coupling”). Effectively, this section overlays the Z3 market design assuming that
GB is fully price coupled with the EU. As explained above, we assume that when
implemented, Price Coupling would apply to all GB ICs (including NSL and the GB-Irish ICs).

Forward market

6.563. We assume that the forward market under Z3 Price Coupling would function in the same
way as N3 Price Coupling described in 15.88 to 15.89.

Day-ahead

6.54. Toimplement Price Coupling in a ‘pure’ sense, GB would effectively need to become part of
the SDAC, which would imply that the GB DAM is cleared within EUPHEMIA (that is, akin to
pre-Brexit arrangements). In N3 Price Coupling, we assessed that it would not be feasible
from a computational or security perspective to schedule ICs based on shadow nodal
prices. The same considerations apply under Z3 Price Coupling and we have discarded this
option.

6.55. Should GB return to Price Coupling with the EU (although we do not comment on the
likelihood or timelines for this possibility), we assessed that it was feasible to schedule ICs
based on the unconstrained (national) GB price under N3 Price Coupling. It would similarly
be feasible under Z3, using unconstrained zonal GB prices:

o EU NEMOs and NESO would feed in EU order books and GB multi-part bids
respectively, following which the EUPHEMIA algorithm would produce unconstrained
GB zonal prices and SDAC prices, which would simultaneously be used to schedule
ICs.240

° NESO would take the cross-zonal volumes, cross-border volume and direction of
flows determined by EUPHEMIA as given (unless physically impossible to clear the
GB wholesale market with such flows) and subsequently determine a final (second)
binding central DA schedule by running a SCUC optimisation. This means that the
GB central schedule would be created by optimising “around” the flows determined
by the combined EU+GB EUPHEMIA algorithm. This would likely lead to a costlier GB
schedule compared to having the ICs scheduled based on shadow nodal prices.
However, we expect the cost difference to be significantly smaller under Z3 Price
Coupling compared to N3 Price Coupling.

240 The unconstrained price from EUPHEMIA would be used to calibrate the transfer payments.
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o The GB zonal prices as computed by EUPHEMIA would serve as the GB unconstrained
zonal prices. As ICs are scheduled based on the unconstrained GB price, no transfer
payments for ICs are required.?”

Intraday market

6.56. Assuming there is no IDM under Z3, GB would not participate in the SIDC (continuous and ID
auctions). Similar to N3, the operation of SIDC in the EU has two options:

o Take the GB-Europe cross-border flows (defined at the DA stage) as a given and
optimise the flows of other EU ICs around it; or

o Re-optimise the flows on all GB-EU ICs and intra-GB cross-zonal flows. If the ID flows
determined by the EU SIDC on GB ICs are different from those determined at the DA
stage, the SO in the relevant EU country may have to pay a penalty price to
compensate: (i) the IC for the lost congestion rents; and (ii) NESO for the cost of
redispatch incurred to resolve the constraint imposed on the GB system. The latter
cost would have to be determined by a re-run of the GB SCUC.

6.57. There is also a possibility that European TSOs would not accept either of the two options
above, and would instead require that they have a unilateral right to redispatch the GB-
Europe ICs using the SIDC algorithm which would create severe complications. This is
unlikely to be attractive to GB.

6.58. As described in Z3 Status Quo, ID NESO-led procedures (instead of an IDM) could be put in
place to reschedule assets in case the necessity of doing so would be known significantly
before RT.

Real time

6.59. The RT stage for Z3 Price Coupling would work in the same way as N3 Price Coupling.

Conclusions

6.60. In our discussion above, we have assessed the potential feasibility of combining three
cross-border arrangements (Status Quo, MRLVC and Price Coupling) with the Z3 market
design. In doing so, we have not sought to comment on the preferred option(s) for cross-
border trading arrangements nor on the desirability of the Z3 design itself. Rather, we have
taken the Z3 market design as given and examined how different cross-border trading
arrangements could be developed or adapted to be compatible with the Z3 market design.

6.61. We find that, with suitable adaptations, Z3 market design can be made compatible with
Status Quo, MRLVC and/or Price Coupling. We summarise our conclusions below:

24 This is akin to the approach in place for Italy, which uses central scheduling with zonal pricing.
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(i)

(i)

(iii)

(iv)

(v)

Of the various market design options, implementing Z3 would require the most
change relative to NO as GB would need to move to central scheduling while
overlaying a zonal market design to determine the unconstrained GB schedule and
zonal prices.

Similar to N3, it is feasible to schedule ICs based on shadow nodal prices under Z3
Status Quo (explicit trading) and Z3 MRLVC, but not under Z3 Price Coupling. The
issues identified in N3 (that arise due to the divergence between the scheduling and
commercial price differentials) continue to apply to Z3, however, they are likely to
be less significant as the IC scheduling and commercial price differentials are more
likely to be aligned under Z3.

Other things being equal, it is more efficient from a GB system perspective to
schedule ICs based on GB shadow nodal prices than the unconstrained GB price,
but this would require transfer payments to ‘make-whole’ ICs and is more complex.
Scheduling ICs based on unconstrained zonal prices would make cross-border
arrangements significantly simpler under explicit trading and MRLVC. Importantly,
scheduling ICs based on unconstrained zonal prices is feasible with Price Coupling
(making Z3 and Z1 the only options we have identified that are compatible with Price
Coupling). 242

It would need to be empirically tested how: (i) the gains in simplifying cross-border
arrangements when scheduling ICs based on unconstrained prices, compare
against; and (i) the efficiency losses from not scheduling ICs based on shadow
nodal prices. Relative to 71,Z3 combined with ICs scheduled based on unconstrained
prices would still allow for leveraging the potential benefits of central scheduling:
earlier resolving of transmission constraints, potential for the co-optimisation of
energy and AS scheduling and more transparency for NESO in managing the
system.

Under Z3 Status Quo, continuing the implicit trading arrangements on NSL and the
GB-lIrish ICs would be challenging regardless of whether ICs are scheduled using
shadow nodal prices or unconstrained GB zonal prices. If those challenges are not
overcome, those cross-border trading arrangements might need to revert to
explicit trading as a falloack option.

242 Price Coupling is also feasible under NO and N3 but not recommendable due to likely significant volume

of scheduled IC flows that would aggravate rather than relief intra-GB congestion.
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The previous chapters of this report examined the interactions between market designs
and cross-border arrangements. In doing so, we implicitly assumed that the wider
market arrangements remained unchanged. In this chapter, we relax that assumption
and discuss the interactions between cross-border arrangements and market designs
with a selection of potential market reforms that could impact cross-border trading
arrangements.

Introduction

71.  We have been asked to consider four potential market reforms:

o OHA: The development of OHAs could have implications for the feasibility and/or
efficiency of the cross-border arrangements we discussed earlier. Two potential
designs for OHA market arrangements are currently under consideration in Europe
and GB: HMs and OBZs;

o Settlement periods and MTU: GB is considering shortening the settlement period
from 30 minutes to 15 or 5 minutes, while the EU will be moving from the current 1-
hour MTUs to a 15-minute MTU in the SDAC.?*®* We assume that shortening the
settlement period in GB would involve an equivalent reduction in MTUs in the DAM
and IDM;

o GCT: As discussed in Chapter 2, GB is considering extending its wholesale GCT
(currently 1 hour). In contrast, the EU is shortening its IDCZGCT from 1 hour to 30
minutes from the 1st of January 2026%44; and

. Bidding zone splits in the EU: European TSOs are conducting a Bidding Zone Review,
in which alternative bidding zone configurations (e.g. splitting Netherlands and
Germany into multiple bidding zones) are under consideration. As already
discussed in Chapter 4 and Chapter 6, a potential shift to a zonal market design in
GB is also under consideration.?®

7.2.  Inthe following subsections, we discuss each of these four market reforms in turn.

243 A 15-minute MTU is already being rolled out in the SIDC (link). The go-live of 15 minutes MTUs in the SDAC
is planned on the 11t of June 2025 (link).

244 gee Art. 5(1) of Regulation (EU) 2024/1747 of the European Parliament and of the Council of 13 June 2024
amending Regulations (EU) 2019/942 and (EU) 2019/943 as regards improving the Union's electricity
market design (link).

245 As required as part of the implementation of ‘Bidding Zone Review’, ENTSO-E (link). The ongoing bidding
zone review is not a one-time exercise and can be triggered in various ways as described in Art. 14 of
Commission Regulation (EU) 2019/943.
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7. Interactions with other market reforms

Offshore hybrid assets

7.3. OHAs are integrated projects, which as illustrated in Figure 7-1 below, typically combine
OWFs and ICs?% to allow OWFs to directly connect to multiple price zones. This is different
compared to the traditional ‘radial’ connection, which links OWFs to a single price zone.
Depending on the configuration, OHAs offer the possibility of more efficient use of
transmission assets. Unlike radial assets, the transmission can potentially be used to flow
power between (onshore) price zones in hours when the offshore wind output is low.

OWF
S [
L] NG e
GB connection EU connection
Cable Cable
GB to OWF OWE OWFto EU
connection

Figure 7-1: lllustrative OHA arrangement, with one OWF and two cables
to two countries

Source: FTI Consulting

7.4. As explained above, two potential designs for OHA market arrangements are currently
under consideration in Europe and GB:

o HMs: The OWF is treated as being sited in the price zone of one of the connected
countries (the ‘HM, illustrated in Figure 7-2), such that the transmission line between
the OWF and the HM is considered an internal transmission asset. Under this
arrangement, the OWF has priority access to the transmission line over cross-
border flows, and always bids into and receives the price in the HM regardless of the
direction of flows;

248 They may also integrate other assets, e.g. offshore sources of demand. In this report we focus on the
simplest forms of OHAs which only include OWF and transmission assets.
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The OWF is ‘located’ in the GB price zone

Could equivalently be
located in the connected
EU country’s price zone

The OWF is equivalent
to a standard GB OWF

—~

== [Z]
L= [~

"\ PN
The GB — OWF cable is a The. OWF —EU cable is
standard OFTO cable equivalent toa GB — EU
interconnector

Figure 7-2: HMs design with the OWF being part of the GB price zone

Source: FTI Consulting

. OBZ: The OWF is considered to be sited in its own price zone, such that both the
transmission lines connecting to the OWF are considered cross-border assets
(illustrated in Figure 7-3). The OWF does not have priority access to cable capacity,
and therefore must compete with bids and offers from other market participants in
its connected onshore bidding zones. Under implicit trading, the OWF generally
receives the lowest price of its two connected onshore bidding zones.?*’

247 ‘Consultation on the Regulatory Framework, including Market Arrangements, for Offshore Hybrid Assets:
Multi-Purpose ICs and Non-Standard ICs’, 2 June 2023, (link). There are some scenarios in which the OBZ
price formation does not follow this general principle. For example, when the OWF is not generating, the
OBZ price can clear at any value between the two connected onshore price zones. Also, when there is not
enough transmission capacity to export the OWF generation the price in the OBZ will be zero, e.g. the
assumed marginal cost of the OWF.
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The OWF is ‘located’ in its own price zone

The OWF is within neither GB’s nor
the connected EU country’s price zone

Z— |

| L]
L1 [~

S~

Both cables are interconnectors:
(i) a GB — OBZ interconnector; and
(ii) a OBZ - EU interconnector

Figure 7-3: OBZ design with the OWF as part of a separate price zone

Source: FTI Consulting

7.5. No conclusive decisions have been made on the OHA market arrangements in either
Europe or the UK. However, on the European side ENTSO-E, ACER and the European
Commission have all signalled their preference foOBZs.?48249250 On the GB side, Ofgem have
indicated that there is consensus among stakeholders that OBZ arrangements would be
more preferable under an implicit cross-border arrangement, while HMs would be a
“fallback arrangement” if the status quo explicit cross-border arrangements remain in
place.

248 'ENTSO-E Position on Offshore Development Summary of Recommendations’, November 2022, ENTSO-E
(link).

249 ‘Reflection on the EU Strategy to harness the potential of offshore renewable energy for climate neutral
climate future’, 11 April 2022, ACER and CEER (link).

%0 ‘An EU strategy to harness the potential of offshore renewable energy for a climate neutral future’, 19
November 2020, (link).

&1 ‘Consultation on the Regulatory Framework, including Market Arrangements, for Offshore Hybrid Assets:
Multi-Purpose ICs and Non-Standard ICs’, 2 June 2023, (link).
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7.6. The interaction between OHAs and cross-border arrangements is largely driven by the
choice of the market arrangements. If the OWF is part of the GB HM,?*?we find that there is
limited interaction with the choice of cross-border arrangements and do not discuss it
further in the rest of this section. The OWF is treated as if it was part of the GB wholesale
market (in terms of access and revenues earned). Under all cross-border arrangements,
NESO would prioritise flows from the OWF to mainland GB and thus ‘reserve’ the available
capacity on the GB-OWF line based on the forecast production of the GB OWF. Any
remaining capacity on the GB-OWF line can be used to accommodate cross-border trade
in the same way that any other intra-GB transmission line (e.g. onshore) would be used.
Hence for the remainder of this section, we do not focus on the HM solution. Therefore, in
what follows we will cover the case when an OWF is: (i) located in an OBZ that is part of GB's
jurisdiction (“GB 0BZ"); and (ii) located in an OBZ under EU jurisdiction, which is assumed to
be part of the [EM.

Interactions with feasibility of various combinations of market designs and
cross-border arrangements

7.7.  In this section we discuss the feasibility of the different cross-border arrangements; the
implications of the different trading arrangements on OHA capacity valuation and/or
commercial utilisation are discussed in the next section.

7.8. Aslong as the total number of OBZs remains relatively modest compared to the number of
GB and EU zones (such that there are no computational issues incorporating them into the
GB or EU markets), we do not anticipate there to be material implications for the feasibility
of the various market designs and cross-border trading arrangements other than as
discussed below.

7.9.  When an OWF is located in an OBZ that is part of GB’s jurisdiction, the GB OBZ would become
a new zone for GB. Given this, it appears to us straightforward to incorporate the additional
OBZ zone under zonal market designs (Z1 and Z3). However, incorporating the new OBZ zone
under NO/N1/N3 would effectively convert them into 71/23 variants with two zones — a large
onshore zone for GB and a small OBZ In other words, the feasibility assessment of the OHA
with NO/N1/N3 becomes the same as the feasibility assessment of the OHA with a zonal
design (21/z3).

710.  When an OWF is located in an OBZ that is part of EU’s jurisdiction (“EU OBZ”), the OBZ would
become a new zone in the IEM that would need to be incorporated into the clearing
algorithms for SDAC and SIDC. There would be no material change on the GB side.

%2 National market under N1 and N3 and the connected GB zone under Z1 and Z3. We do not examine the
case in which the OWF is located in the EU HM, as the GB-OBZ line would be akin to a point-to-point IC.
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711 For an EU OBZ (with national pricing in place in GB):

° NO is feasible for all three cross-border arrangements. Similarly, N3 is feasible for all
three cross-border arrangements when scheduling ICs based on unconstrained
zonal wholesale prices.

o N3 is feasible for explicit cross-border trading arrangements and MRLVC when
scheduling ICs is based on shadow nodal prices. Price Coupling is only feasible
when unconstrained national prices are used to schedule ICs.

o N1 is feasible for all the Status Quo arrangement and MRLVC but not for Price
Coupling for reasons discussed in Chapter 3 (driven by the mutual incompatibility
of the GCT in GB and in the [EM).

7.2.  For an EU (with zonal pricing in place in GB) and a GB OBZ (with national®® or zonal pricing
in place in GB):

° Z1 is feasible for all three cross-border arrangements. Similarly, Z3 is feasible for all
three cross-border arrangements when scheduling ICs based on unconstrained
zonal wholesale prices. As discussed in Chapters 4 and 6, it seems likely that the
implicit arrangements for NSL at the DA-stage and for the I-SEM in the ID-stage that
are currently in place would have to be turned into explicit arrangements. With
regards to MRLVC, the preferred option would be for the order books that are
submitted by the PX to the MRLVC algorithm to cover all GB bidding zones (which
would now include the OBZ with a GB OWF).

o Z3 is feasible for explicit cross-border arrangements and MRLVC when scheduling
ICs based on shadow nodal prices but not for Price Coupling. With regards to MRLVC,
the preferred option would be for the order books that are submitted by the PX to
the MRLVC algorithm to cover all GB bidding zones.

Interactions with OHA capacity valuation and/or commercial utilisation of
various combinations of market designs and cross-border arrangements

713. In this subsection, we discuss how the interaction with OHAs under the GB OBZ and EU OBZ
scenarios affects the OHA capacity valuation andfor utilisation of the trading
arrangements under Status Quo explicit trading,?** MRLVC and Price Coupling. We define
commercial utilisation as the extent to which the OHA is scheduled relative to the outturn
GB/OBZ/connecting market wholesale prices (as different from outturn utilisation of the
asset which includes any potential redispatch actions on the OHA).2%

253 As described in 97.9, for a GB OBZ the feasibility assessment of the OHA with NO/N1/N3 becomes the same
as the feasibility assessment of the OHA with a zonal design (21/23).

24 The interactions of OHAs with Status Quo implicit trading are the same as that under Price Coupling.
%5 This implies that by definition under Price Coupling OHAs are optimally commercially used.
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714.

7.15.

For each cross-border arrangement, we first discuss general comments that apply to all
market designs, before examining the potential further differences in the interactions under:
(i) central scheduling (N3 and Z3) versus self-scheduling (NO/N1 and z1); and (ii) zonal
market design (Z1 and z3) versus national market design (NO/N1 and N3).25

We provide a summary for GB and EU OBZs in Table 7-1 and Table 7-2, respectively, at the
end of this subsection.

Explicit trading

7.16.

717.

We assume that only part of the line would be explicitly traded, depending on whether the
OWF is in a GB OBZ or EU OBZ. As illustrated in Figure 7-4 the OWF is in a:

o GB OBZ, we assume that the GB-OBZ line is implicitly coupled with GB mainland (and
any other OBZs that may exist)?’; and

o EU OBZ, we assume that the EU-OBZ line is implicitly coupled with the EU (and any
other OBZs that may exist).

o . e
; EU OBZ: market
ralR | g 0Bz implicitly GB OBZ: market raln™ EU OBZ: implicitly

ici i rticipants bid f
coupled GB-OBZ IC participants bid for e e coupled EL-OBZ IC
Pea Poez OBZ-EUIC capacity right

=0 O——®——d

GB-0BZ IC capacity right Posz Pey

Figure 7-4: GB OBZ (left) and EU OBZ (right) under explicit trading

Source: FTI Consulting

When buying DA IC capacity rights under explicit trading, depending on whether the OWF
is in a GB OBZ or EU OBZ, traders would need to forecast the OBZ price and the price in the
connecting market or the OBZ price and the GB wholesale market price, respectively.

%6 Here we do not discuss in depth the implications for the GB system costs. Everything else equal, central
scheduling market designs with OHAs scheduled based on shadow nodal prices will likely result in lower
GB system costs than self-scheduling market designs. Similarly, zonal market designs will likely result in

lower GB system costs than national market designs.

%7 Traders would not need to buy a LTTR of the implicitly allocated line of the OHA to ensure the ability to
schedule flows on the explicitly allocated line of the OHA. However, they can buy such LTTR to hedge
between the GB national/zonal mainland wholesale price and OBZ price.
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7.18. Relative to national/zonal prices in GB, the OBZ price formation dynamics is significantly
affected by the wind output and the connected transmission's flows. Unlike larger onshore
bidding zones, in which prices change relatively linearly, the prices at an OBZ would typically
change in a discrete fashion — as described in Footnote 247, the OBZ price generally falls to
the lower of the prices in its connected markets.

719. Given the challenges in predicting offshore wind output at the OBZ significantly in advance
(e.g. DA), this could impact:

the ability to calculate the optimal transmission capacity that can be traded both
on the IC for which capacity is implicitly allocated (EU-OBZ IC for a GB OBZ and the
GB-0BZ IC for an EU OBZ) and the IC for which capacity is explicitly allocated (EU-
OBZ IC for a GB OBZ and the GB-OBZ IC for an EU OBZ).® The allocated capacity
would be based on the forecasted volume of the offshore wind and the expected
price difference between the GB national/zonal price and the connecting zone. Both
forecasts are prone to forecast errors. Hence, there is a significant risk that IC
capacity is sub-optimally allocated. We provide an example in Box 7-1.

the valuation of the DA IC capacity rights for the IC for which DA IC capacity rights
are auctioned off. When buying DA IC capacity rights for a GB or EU OBZ under
explicit trading, traders would need to forecast prices in the OBZ price and the price
in the connecting or GB wholesale market, respectively. As the OBZ price moves in a
discrete fashion, traders would be exposed to a significant risk that a forecast error
would result in holding capacity in counterintuitive direction relative to wholesale
prices;

the utilisation of the OHA transmission capacity for EU OBZs because under an EU
OBZ a trader that acquired an IC right must forecast the OBZ price when positioning
itself in the GB DAM. The ‘discrete’ nature of the OBZ price changes based on outturn
wind conditions would add to a sub-optimal commercial utilisation of the OHA
transmission capacity (e.g. possibly accidentally being under-utilised or utilised in
a counterintuitive direction).

258 Final outcome of the Task Force Princess Elisabeth Zone, Elia (link), page 134.
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Box 7-1: Calculation of IC capacity for an OHA under explicit trading

The figure below shows how the available capacity on the GB-OBZ IC and the EU-OBZ IC
for an EU OBZ can potentially be calculated.?®® The OWF is connected with a 1.4 GW to both
GB mainland and the European mainland. We describe the different steps below:

o In step la the relevant SO must forecast the GB national/zonal price and
the price in the connecting European zone. ?*° The price differential
indicates in what direction the OWF’'s generation will flow. In this example,
the GB price (£10/MWh) is expected to be lower than the price in the
connecting zone (£50/MWh) implying that the OWF generation will flow in
the direction of the connecting market. In parallel, in step 1b the generation
of the OWF must be forecasted. In this example the generation is expected
to be 1.0 GWh.

. In step 2, based on the forecast of the OWF generation and the direction of
its flow (1.0 GWh in the direction of the connecting market), the relevant SO
calculated that only 0.4 GWh (1.4 GWh-1.0 GWh) can be made available on
the EU-OBZ IC to carry power from GB to the connecting market via the OBZ.
As such, 0.4 GWh is allocated explicitly on the GB-OBZ IC.?®' We assume that
the entire capacity on the EU-OBZ IC is implicitly allocated in the SDAC.

SN L @
S

® E(P;) = £10 @ E(P,) = £50
Uy O\ Uz
/l"-
1.4GW U 1.4GW
Explicit: 0.4GW Implicit: 1.4GW

The concern with the process above is that the calculation of how much IC capacity that
can be allocated explicitly and implicitly is conditional upon estimations of the wholesale
prices in GB and the connecting market and also on the estimated OWF generation. Any
forecast error can lead to sub-optimal allocation of the cross-border capacity.

Central vs self-scheduling market design

7.20. As discussed in footnote 198, the scheduled flow and direction of an IC has an impact on
the wholesale price of the connecting EU bidding zone — an IC scheduled to export from GB
would imply additional supply in the connecting EU bidding zone, which has a downward
impact on EU wholesale prices. This impact may not be material for large bidding zones
and relatively limited interconnection with GB (e.g. Germany) but could potentially be more
important for smaller bidding zones that are well interconnected with GB (e.g. DK1 or I-SEM).
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7.21.  Generally, GB shadow nodal prices can be more volatile than national/zonal wholesale
prices. Increased volatility can make it harder to anticipate the IC scheduling under central
scheduling based on shadow nodal prices compared to central scheduling with
(unconstrained) zonal/national wholesale prices or self-scheduling.?*>Given this, it could
potentially become more challenging to forecast the relevant EU wholesale prices and the
OBZ price insofar as they both could depend, in part, on the GB shadow nodal price.

7.22. We therefore expect that under central scheduling, when scheduling ICs based on shadow
nodal prices, the valuation of the OHA capacity rights, and their commercial utilisation
would more likely be negatively impacted compared to if ICs were scheduled based on
unconstrained prices.

National vs zonal market design

7.23. Asdiscussed in Chapter 4, GB prices under zonal market design are likely to be more volatile
than under national market design. This could increase the volatility of OBZ prices (as they
generally fall to the lower of the prices in the two connected markets) and could affect the
valuation of OHA capacity rights and OHA commercial utilisation under Z1/Z3 relative to
NO/N1/N3. The overall direction of the impact on the valuation is unclear. As discussed
earlier in Chapter 4 this is because the increased volatility could increase the price spreads
(giving rise to higher congestion rents); but the increased volatility could also reduce the
attractiveness of purchasing capacity under explicit trading. Increased price volatility
under zonal pricing could have a minor negative impact on the OHA commercial utilisation.

MRLVC
7.24. As with explicit trading, MRLVC relies on forecasts (for example, of the expected EU BBZ-EU

flows). As described in 47.19, forecast errors could lead to inefficient allocation of OHA
capacity and OHA utilisation.

%9 Alternative approaches might be introduced but the inefficiencies arising from having to forecast the
wind generation and price differential across wholesale markets when calculating the capacity that can
be explicitly allocated on the EU-OBZ or GB-OBZ IC seem unavoidable.

260 We assume both NESO and the connecting TSO would go through this process and the least capacity
projected by both would be explicitly allocated.

%1 Here we assume that the relevant SO can restrict the NTC ex-ante of the wholesale market which might
not necessarily be the case.

%62 We assume NESO would publish historical shadow nodal prices. Anticipating IC scheduling would be
further complicated without visibility of historical shadow nodal prices.
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7.25.

Under MRLVC forecast errors might be less of an issue than under the Status Quo explicit
trading arrangements, as the time lag between the clearing of the MRLVC algorithm and
the GB DAM is expected to be shorter than that between the clearing of the DA IC capacity
auction and the GB DAM.

Central vs self-scheduling market design

7.26.

7.27.

As discussed above, relative to self-scheduling or central scheduling based on
unconstrained prices, the MRLVC algorithm can be expected to be more complex under
central scheduling based on shadow nodal GB prices.

This aside, we do not expect the introduction of OHAs to significantly alter the process of
cross-border trading under MRLVC. As illustrated in Figure 7-5 below, if the OHA includes a
GB OBZ, NESO would provide import-export curves (which in this case show how changes
in the anticipated EU price impact the optimal scheduling of the OBZ-EU line). If the OHA
includes an EU OBZ, NESO would provide import-export curves (which in this case indicate
how changes in the anticipated OBZ price impact optimal scheduling of the OBZ-GB line).

S| L2
T4EmN  Ey OBZ: NESO to GB OBZ: NESO to
provide import-export provide import-export
Pes curve for GB-OBZ Posz curve for OBZ-EU Peu

‘l
\L/
Figure 7-5: lllustration of Import-export curves provided by NESO under
MRLVC

Source: FTI Consulting

National vs zonal market design market design

7.28.

7.29.

As discussed in Chapter 4, GB prices under zonal market design are likely to be more volatile
than under national market design. This could have an impact on OHA commercial
utilisation under 71/Z3 relative to NO/N1/N3, but the direction of the impact is not clear.

In addition, the information required under the zonal market designs that must be
submitted to the MRLVC algorithm is more extensive compared to under national pricing,
which would increase computational run-times.
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Price Coupling

7.30.

7.31.

There appears to be a consensus that implicit trading (e.g. Price Coupling) is the most
effective approach to integrate OBZs into the European and GB markets. When allocating
the IC capacity under Price Coupling no expectations need to be formed about the
generation of the OWF and other parameters, such as price differentials (under explicit) or
EU BBZ-EU flows (under MRLVC). The OBZ price formation and OHA utilisation are therefore
not impacted by forecast errors that might otherwise occur (e.g. under explicit or MRLVC
arrangements).

OHAs with either EU or GB OBZs would be straightforward to incorporate under Price
Coupling, as they could be included in the central clearing algorithm along with all other
GB and EU price zones. Given that, in the short- to medium-term, only a relatively small
number of OBZs between GB and EU are likely to be introduced (e.g. fewer than 10), these
OBZs could likely be incorporated into the EUPHEMIA algorithm without significant
computational challenges (though perhaps with some increase in the computational time
required to clear the SDAC).

Central vs self-scheduling market designs

7.32.

7.33.

As described Chapters 5 and 6, Price Coupling (on both ICs and OHAs) is not compatible
with central scheduling in which ICs are scheduled based on a GB shadow nodal prices
(which is preferable to using the unconstrained prices, especially under national pricing

(N3)).

Price Coupling on OHAs is compatible with centrally scheduling ICs based on
unconstrained prices, but the same limitations as that discussed in Chapters 5 and 6, apply
— under N3, this is expected to lead to a GB schedule that is suboptimal from a GB system
perspective. However, it may be less of an issue under Z3, to the extent that the GB zones
are aligned with the main transmission constraints of the system, such that unconstrained
zonal prices do not diverge significantly from shadow nodal prices.
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National vs zonal market design

7.34. OHAs are already expected to increase the computational burden of EUPHEMIA relative to
not building any OHAs?%* under Price Coupling. In addition, a zonal market design in GB is
expected to increase the computational burden for EUPHEMIA relative to a national market
design. Itis unclear whether EUPHEMIA would be able to accommodate both OBZs and zonal
market design without a material increase in SDAC and/or SIDC run times. However, this
may be a transitional issue, and could potentially change in the medium to longer term as
computing power continues to improve.

7.35. To the extent that there are no concerns with computational complexity when introducing
a zonal GB market design jointly with OBZs in EUPHEMIA, the interaction of OHAs with the
Price Coupling cross-border trading arrangements is expected to be largely similar under
market designs with zonal pricing and national pricing.?¢

263 Similarly, an OHA design that uses OBZs would be computationally more intensive compared to a HM
design.

264 Assuming ICs are scheduled based on unconstrained prices under the central scheduling market
designs.
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Table 7-1: Summary of feasibility and OHA valuation and/or commercial utilisation under various combinations of cross-
border arrangements and market designs for GB OBZs (commercial utilisation refers to the scheduling of the OHA relative

to outturn wholesale prices)

NO/NI

N3

Z1

Z3

Status
Explicit

Quo

MRLVC

Price
Coupling

Inclusion of
OBz
effectively
converts
NO/NI into
Z1

Inclusion
of OBZ
effectively
converts
N3 into 23

Feasible but imperfect OHA capacity calculation due
to forecast errors in GB and connecting wholesale
market prices and, especially, the OWF generation
which are likely to negatively impact the valuation and
utilisation of the OBZ-EU IC.

Negative impact expected on the valuation of the OHA
capacity rights compared to standard ICs under
explicit trading due to forecast errors in the prices of
the connecting market and, especially, OBZ prices.

As well, likely additional negative impact on the OHA
commercial utilisation due forecast errors in the
connecting market price.

Feasible with shadow nodal prices but implicit
arrangements (NSL/GB-lIrish ICs) may need to turn
explicit.

The OHA capacity calculation, valuation of the OHA
capacity rights, and their commercial utilisation
would likely be more negatively impacted compared
to if OHAs were scheduled based on unconstrained
prices (Z1). The reason being that GB shadow nodal
prices are likely more volatile than national/zonal GB
wholesale prices (impacting indirectly OBZ prices and
prices in the connecting market). However, potential
positive impact on GB system costs compared to Z1.

Feasible, preference for the order books submitted to
the MRLVC to cover all GB zones.

Likely negative impact on OHA utilisation due to
forecast errors compared to standard ICs under
MRLVC but likely less impactful than under explicit
trading due to relatively short time lag between the
clearing of the MRLVC algorithm and the GB DAM.

Feasible with shadow nodal prices, preference for the
order books submitted to the MRLVC to cover all GB
zones.

More complexity than under Z1 potentially leading to
an increasing negative impact on the OHA utilisation
but potential positive impact on GB system costs.

Feasible, main concerns relate to computational
burden for EUPHEMIA.

Not feasible with shadow nodal same

implications as Z1 if unconstrained prices are used.

prices;
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Table 7-2: Summary of feasibility and OHA valuation and/or commercial utilisation under various combinations of cross-
border arrangements and market designs for EU OBZs (commercial utilisation refers to the scheduling of the OHA relative
to outturn wholesale prices)

NO/NI N3 Z1 Z3

Status Feasible but relative to Feasible with shadow nodal Feasible but more volatile GB prices Feasible with shadow nodal prices but

Quo standard ICs negative prices but implicit arrangements compared to NO/NI with ambiguous implicit arrangements (NSL/GB-lIrish

Explicit impact on (NSL/GB-Irish ICs) may need to impact on the OHA valuation, minor ICs) may need to turn explicit.
valuation/commercial  turn explicit. Similar concerns as negative impact on utilisation but Same concerns as under Z1 but OHA
utilisation due to under NO/NI with increased likely significant positive impact on GB valuation/ commercial  utilisation
forecast errors OWF complexity but likely significant system cost compared to NO/NI. likely more negatively impacted
generation and  positive impact on GB system g,me concerns as under Z1 for a GB  compared to Zl due to GB shadow
GB/0BZ/connecting costs (relative to NO/N1). OBZ but higher negative impact on nodal prices being more volatile than
market wholesale commercial utilisation due to need to GB zonal prices. However, potential
prices. forecast OBZ price. positive impact on system costs

compared to Z1.

MRLVC Feasible, expected Feasible with shadow nodal Feasible, preference for order books Feasible with shadow nodal prices,
negative impact on prices. More complex than under submitted to the MRLVC to cover allGB preference for the order books
commercial utilisation self-scheduling (NO/N1/Z1)  zones. submitted to the MRLVC to cover all GB
relative to standard ICs potentially leading to a negative Same  concerns/opportunities as zones.
due to forecast errors impact on the OHA commercial under Z1 for a GB OBZ. Same concerns/opportunities as
but likely less impactful utilisation but likely positive under Z3 for a GB OBZ
than under explicit impact on GB system costs
trading. (relative to self-scheduling).

Price Feasible under NO. Not Not feasible with shadow nodal Feasible, highly likely positive impact Not feasible with shadow nodal prices;

Coupling feasible under Nl due to prices; same implications as NO on GB system costs compared to same implications as 71 if
different GCTs in GB and  with unconstrained prices. NO/Nl, main concern is the unconstrained prices are used.
Europe. computational burden for EUPHEMIA.
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Other market design changes in GB and the EU

7.36.

As explained in 97.1, GB and the EU are currently considering several related reforms
to the electricity market: (i) shortening of settlement periods/MTUs; (ii) changes in
GCT; and (iii) bidding zone splits. We discuss each type of reform in turn below.

Settlement periods and MTUs

7.37.

7.38.

7.39.

7.40.

REMA is exploring a potential shortening of the GB settlement period from 30 minutes
to 5 or 15 minutes. This aims to create a more granular wholesale market temporal
signal to incentivise market participants to match supply and demand in shorter
timeframes. As a consequence, DESNZ anticipates that the volume of BM actions to
resolve energy imbalances would be reduced and therefore balancing and
reservation costs would also fall.?* We assume that shortening the settlement period
in GB would involve and equivalent reduction in MTUs.

The EU is currently transitioning from the current 1-hour MTU to 15-minute MTUs in
both SDAC and SIDC, to allow for more precise matching of supply and demand
closer to RT.26¢

If both GB and EU were to move to shorter MTUs, cross-border trading on ICs could
take place at the least granular period of the connected markets (e.g. if GB were to
move to a 5-minute MTU period, cross-border trade would be based on EU's 15-
minute MTU). A shorter MTU would likely have implications for the computational
intensity of all cross-border trading arrangements, including explicit auctions, MRLVC
and Price Coupling.

The additional computational burden arising under a shorter MTU in the EU could also
potentially interfere with zonal GB pricing being feasible under Price Coupling: for
example, if the computational feasibility constraints were such that either (i) EU could
integrate GB zones into the SDAC; or (ii) EU shortens its MTUs, but (iii) both reforms
were not simultaneously achievable, then there is a risk that the EU would prioritise
reducing the MTU over the integration of GB zones.

25 Review of Electricity Market Arrangements Options Assessment, DESNZ, March 2024 (link), 3.270.

266 To date, a 15-min MTU in the SIDC has been launched on the Croatian, Slovenian and Hungarian
borders. The go-live for other SIDC and SDAC is planned for 2025 (link).
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Changes to gate closure times

7.41.

7.42.

7.43.

7.44.

7.45.

In this section we discuss the potential impact of shortening the EU wholesale GCT
only (there is currently no discussion that we are aware of to extend gate closure in
the EU). We have previously discussed the potential for extending GB GCT in Chapter
3 on market design NI and we do not discuss shorter GCT in GB since REMA has
concluded that a shorter GCT “is not something that could be implemented in the
short-to medium-term”.?%’In the remainder we will only discuss the case that that
the IDCZGCT moves to 30-minutes. This implies that we do not consider a case where
the GCT in GB would occur after the GCT in the connecting European market.

We do not expect that a transition to a 30-minute IDCZGCT would have major
impacts under Status Quo arrangements or under MRLVC, as we assume that under
those cross-border arrangements GB market rules would not be driven by EU
regulations. However, having a 30-minute IDCZGCT while keeping the GB wholesale
GCT equal to 1 hour would have qualitative similar impacts as discussed in Chapter
3 where we assumed an extended GB wholesale GCT and an IDCZGCT of 1 hour).268
As discussed in Chapter 3, an increased gap between the European and GB
wholesale GCT could negatively impact the valuation of ID IC rights. The extent to
which ICs are utilised (under explicit) or allocated (under implicit) in line with ID
market prices closest to delivery could also be negatively impacted.

Under the Status Quo cross-border trading arrangement and MRLVC, having a
different GCT between GB and the EU implies that cross-border trade on the IC by
market participants is only possible up to the GCT on either side that is furthest ahead
of delivery.

Having a different GCT also has an impact on the timing of SO-SO trades on ICs. Two
scenarios can be thought of: (i) SO-SO trades are done while the GB ID market is
closed but the SIDC is still open, or (ii) SO-SO trade is only possible after the IDCZGCT.

Under the first scenario, the potential issue is that SO-SO trades could be unwound
on the European side by ID trades in the SIDC.

%7 Review of Electricity Market Arrangements Second Consultation Document, DESNZ, March 2024

(link), page 103.

268 Having a different wholesale GCT between a GB and a European connecting zone is not something
new. While the IDCZGT of the SIDC is currently 1-hour (other than on the Finnish-Estonian border),
the GCT of GB and the national IDM in connected countries can be different (e.g. the GCT of the

national IDM in Belgium is 5 minutes before delivery).
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7.46.

1.47.

7.48.

Under the second scenario, NESO would have to anticipate the possibility and costs
of SO-SO trades closer to delivery when it can already redispatch other assets to
resolve internal congestion. Connecting TSOs need to approve SO-SO trades closer
to delivery (and if yes, the cost of redispatching ICs) while in the meantime other
assets can be used in GB to resolve internal congestion. This uncertainty might lead
NESO to (potentially inefficiently) avoid reliance on SO-SO trades, which could mean
that potentially more expensive (intra-GB) redispatch actions would have to be
relied on to relieve internal GB congestion.

Under the second scenario an alternative would be to have EU-only countertrading.
NESO would trade with IC capacity holders who can still adapt their position in the
relevant connecting European market after the GB wholesale GCT. From the
European perspective this might be problematic as European TSOs would no longer
be able to countertrade in the GB market. Instead, the European TSOs would need to
revert to SO-SO actions.

Under Price Coupling and the assumption that GB would have to follow the relevant
EU IEM Regulations, GB would have to shorten its GCT as well to 30 minutes to align
with the timings in the EU. A shorter GCT might lead to difficulties for NESO as it would
have less time to resolve intra-GB transmission constraints. As such, we consider this
reform to be more compatible with zonal pricing (Z1 and z3) and the market N3
design variant where ICs are scheduled based on shadow nodal prices, under which
we expect constraints volumes to reduce relative the NO. However, insofar as Price
Coupling would require GB gate closure to be shortened, this would not appear to be
consistent with REMA’s previous conclusion (“[a shorter GCT] is not something that
could be implemented in the short-to medium-term”).2°

Bidding zone splits

7.49.

The latest iteration of the EU bidding zone review is currently in progress and is
exploring the option of multiple bidding zones in Germany, France, the Netherlands,
as well as changes to the existing bidding zone configuration in Italy and Sweden.?”°
This may have implications on the computational burden of EUPHEMIA and the
volatility of wholesale prices in connected markets.

%69 Review of Electricity Market Arrangements Second Consultation Document, DESNZ, March 2024
(link), page 103.

20 See ACER's decision on alternative BZ configurations as described in ‘Bidding Zone Review’,
ENTSO-E (link).
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Explicit cross-border trading arrangement

7.50. If some of the price zones that GB ICs connect to in Europe (e.g. France, Netherlands,

7.51.

or Germany, once NeuConnect becomes operational) were to be divided in multiple
bidding zones, wholesale prices in these smaller price zones would potentially
become more volatile than before.

If this was the case, this could affect the commercial utilisation of the relevant ICs
and their valuation under explicit trading. The impact on the commercial utilisation
of IC rights is likely slightly negative (due to a higher likelihood of unintentional non-
ituitive flows) while the impact on the valuation of IC rights is ambiguous. It can be
positive if the increased volatility resulted in higher expected congestion rents on ICs
between GB and the relevant EU zone or negative if the increased volatility
discouraged trading and therefore led to under-utilisation of ICs. The balance and
magnitude of the impact would need to be empirically evaluated.

MRLVC

7.52.

7.53.

Since only connected zones’ bids and offers are fed into the MRLVC algorithm, any
bidding zone review that impacts the connected zones would have a subsequent
impact on the data shared with the MRLVC. Depending on the way European bidding
zones would be reconfigurated, this could impact the computational complexity
and/or the effectiveness of MRLVC.

Splitting European bidding zones could lead to having more EU BBZs, i.e. European
bidding zones that are connected to GB, which could lead to: (i) more EU BBZ to EU
BBZ borders that would need to be optimised in the MRLVC algorithm; and/or (i) more
borders between EU BBZs and other EU bidding zones that are not connected with GB,
for which the flows would have to be forecasted. The former would increase the
computational complexity of the MRLVC algorithm, while the latter would likely
negatively impact the effectiveness of MRLVC.?" At the same time, the size of the
order books submitted to the MRLVC algorithm could be smaller, which would reduce
the computational complexity of the MRLVC algorithm (e.g. if Germany were split into
multiple zones, only the order books of the German Northern zones would likely need
to be submitted to the MRLVC algorithm rather than the entire German order book).

2" The EU BBZ-EU flows would likely become harder to forecast if the EU BBZs became significantly
smaller. A potential remedy would be to not only optimise EU BBZ-EU BBZ borders in the MRLVC
algorithm but to also increase its geographical coverage (similar as that proposed for GB when

GB would implement a zonal wholesale market, see Z1 MRLVC). However, increasing the

geographical coverage of the MRLVC algorithm would increase its computational burden.
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Price Coupling

7.54.

7.55.

Adding more bidding zones on the EU side due to bidding zone splits does not impact
the effectiveness of Price Coupling under all market designs but could potentially
increase the computational time required to clear the SDAC. This could affect the
feasibility of implementing Price Coupling if GB were to adopt zonal market
arrangements (Z1 or Z3). This could be the case if the EU had to choose between
introducing additional bidding zones within the EU relative to accommodating GB
zones: if both were simultaneously deemed not possible, then there is a risk that the
EU may choose to prioritise integrating the EU bidding zones into EUPHEMIA rather
than accommodating GB zones.

We do not expect it to affect the feasibility of implementing Price Coupling under
N3/z3 if ICs were scheduled based on the unconstrained national price.??

Conclusions

7.56.

7.57.

In our discussion above, we have assessed how the three cross-border
arrangements (Status Quo, MRLVC and Price Coupling) and the four different market
design arrangements (N1, Z1, N3 and Z3) interact with a selection of potential market
reforms. In doing so, we have not sought to comment on the preferred option(s) for
cross-border trading arrangements, specific market design arrangements nor the
potential market reforms themselves. We have taken the potential market design
changes as given and examined how different of cross-border trading
arrangements could be developed or adapted to be compatible with those potentail
market design changes under the different (wider) market design arrangements.

With regards to OHAs, it is found that:

(i) As long as the total number of OBZs remains relatively modest compared to
the number of GB and EU zones (such that there are no computational issues
incorporating them into the GB or EU markets), no material implications for
the feasibility of the various market designs and cross-border trading
arrangements are anticipated.

(ii) The valuation and commercial utilisation of explicitly allocated IC capacity
would be impacted by potential forecast errors by market participants. The
likelihood of forecast errors is expected to increase as the price formation in
the OBZ is more ‘discrete’ relative to onshore zones. In addition, the OWF
generation must be forecast when calculating the IC capacity available for
wholesale trade on the OHA.

22 We do not discuss the implications for Price Coupling under N3/z3 if ICs were scheduled based on

shadow nodal prices as we concluded it would not be feasible in Chapters 5 and 6.
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(iii)

(iv)

Similarly, the commercial utilisation of ICs under MRLVC is impacted by the
accuracy of the information fed into the MRLVC algorithm. The likelihood of
imperfect information is higher with OHAs for similar reasons as set out above.

Considering the additional difficulties and complexities of combining OHAs
with explicit trading and MRLVC, it appears to us that as OHAs play a greater
role in cross-border trading, this would create additional incentives for GB to
move to Price Coupling. In turn, as discussed earlier, a zonal wholesale market
design (21 or Z3) is the only variant that can be combined with Price Coupling
without significant downsides.

7.58. With regards to other market reforms in GB and the EU examined, it is found that:

(v)

(vi)

(vii)

Confidential

A shorter MTU would likely have implications for the computational intensity
of all cross-border trading arrangements. The additional computational
burden arising under a shorter MTU in the EU could also potentially interfere
with zonal GB pricing being computationally feasible under Price Coupling.

A reduced GCT to 30 minutes in the EU is expected to create potential
complications with countertrading and SO-SO trades under explicit trading
arrangements and MRLVC. This could potentially lead to NESO having less
means to resolve intra-GB constraints. Under Price Coupling, to the extent that
GB is required to follow IEM regulations, this would imply that GB would also
need to reduce its GCT. This would imply NESO would have less time to resolve
intra-GB constraints. Thus, across all cross-border arrangements, a shorter
GCT in the EU may lead to more difficulties for NESO to resolve intra-GB
constraints. As such, it is considered that this reform is more compatible with
market designs with lower constraint volumes, such a zonal market design (Zl,
Z3) and the N3 market design where ICs are scheduled based on shadow
nodal pricing.

Bidding zone splits on the EU side could potentially lead to more volatile
wholesale prices in the smaller price zones. This could increase the likelihood
of forecast errors, which would likely have a negative impact on the
commercial utilisation and valuation of explicitly traded IC capacity. Likely
imperfections in the data shared would have a stronger impact on the MRLVC
clearing and, overall, the effectiveness of the MRLVC is expected to decrease.
Given this, similar to OHAs (albeit to a lesser extent), bidding zones splits on
the EU side would create greater incentives for GB to move to Price Coupling
which, in its turn, creates greater incentives to adopt a market design that
reduces constraint volumes, such a zonal market design.
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Appendix 1: Bidding incentives under explicit IC capacity trading

Al.1l

Al.2

Al.3

In this Appendix we illustrate the bidding incentives of IC capacity holders for under
explicit trading. The worked example described below shows how virtual IC capacity
holders are incentivised to bid in their expectation of the connected country’s price
and to not bid higher or lower.

Suppose there is an IC capacity holder that owns the rights to flow 1,000 MW from GB
to France in a given hour, and hence must take a buying position of 1,000 MW in the
GB DAM. The IC capacity holder has perfect information about the price in France
(Prr) in that hour to be £560/MWh. However, the IC holder can choose to bid equal,
above or below the French price in the GB wholesale market. Below, we consider the
possible GB price outcomes and resulting revenues for two different bidding
strategies.

Case 1: Bid > Pg;

In Table A-1, we compare the IC capacity holder's revenues if they bid above the
anticipated French price (Bid > P) to bidding exactly the anticipated price (Bid = Pg)
under three GB price outcomes (which are uncertain to the IC capacity holder when
submitting its bid in the GB DAM):

e Pcsrepresents the outturn GB unconstrained price;
e Prrrepresents the outturn FR price;
e Bides represents the IC capacity holder’s bid to buy power in GB;

e GBtoFRflowindicates whether the GB to France flow would be in merit based

on the unconstrained GB price;

* Revenue describes the total revenue earned by the capacity holder from
congestion rents and compensations.

Table A-1: Comparison of an IC capacity holder's revenues under different
outcomes of the Pcg when bidding higher than Pg in the GB wholesale market

Price Outcomes (Bidgg>Pr)
£60

la Bidgg>Pgs>Prs £55 £50 In merit -£5,000 £50 Out of merit £0
1b Peg>Bidgg=Prr £65 £50 £60 Out of merit £0 £50 Out of merit £0
1c Bidgg>Pr»Pes  £30 £50 £60 In merit £20,000 £50 In merit £20,000
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Al.4 As shown, under Cases 1b and Ic, the IC capacity holder’s revenues are the same
under both bidding strategies. However, in Case 1a (Bid > Pes > Pr), if the IC capacity
holder bids:

e Above Pg, it would have been in merit and had to purchase 1,000 MW of
electricity in GB for £55,000 and sold it in France for £50,000, resulting in a loss
of £5,000.27

e Equal to Pg, it would not have been merit and earned zero congestion rents.

Al.5 The IC capacity holder is therefore under all scenarios of the GB price equally well or
better off by bidding in the anticipated Pe.

Case 2: Bid < Pg

Al.6 In Table A-2, we compare the IC capacity holder's revenues if they bid below the
anticipated French price (Bid < Px) to bidding exactly the anticipated price (Bid = Pr)

under three GB price outcomes.

Table A-2: Comparison of an IC capacity holder's revenues under different
outcomes of the Pcg when bidding lower than Pg in the GB wholesale market

Price Outcomes (Bidgg<P)
outcome GB to FR flow m
£40

2a  Pp>Bides»Pes  £30 £50 In merit £20,000 £50 In merit £20,000
2b Pga>Per>Bidgg £60 £50 £40 Out of merit £0 £50 Out of merit £0
2¢  Pe>Pes>Bides  £45 £50 £40  Out of merit £0 £50 In merit £5,000

Al.7 Asshown, in Cases 2a and 2b, the IC capacity holder’s revenues are the same under
both bidding strategies. However, in Case 2¢ (Ps > Psg > Bid), if the IC capacity holder
bids:

e Below P, it would have been out of merit and earned zero congestion rents.

e Equal to Pg, it would have been merit. It would have purchased 1,000 MW of
electricity in GB for £40,000 and sold it in France for £45,000, earning
congestion rents of £5,000.

Al1.8 Again, the IC capacity holder is therefore under all scenarios of the GB price equally

well or better off by bidding in the anticipated Pes.

273 Under N3/Z3 and ICs scheduled based on shadow nodal pricing, the negative revenue can be a
consequence of earning negative congestion rent or alternatively transfer payments from the IC
capacity holder to NESO.
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