Sensitivity analysis on the modelled benefits
of zonal electricity markets in Great Britain

Summary Report

MAY 2025




DISCLAIMER

AFRY Management Consulting works globally to address challenges and opportunities in the energy, bioindustry, infrastructure, industrial and
future mobility sectors. Our energy practice is the leading provider of strategic, commercial, regulatory and policy advice to European energy
markets. Our energy team of over 500 specialists offers unparalleled expertise in the rapidly changing energy markets across Europe, the Middle
East, Asia, Africa, Australia and the Americas.

All rights reserved
Important

Should any requests for disclosure of information contained in this document be received (whether pursuant to the Freedom of
Information Act 2000, the Freedom of Information Act 2003 (Ireland), the Freedom of Information Act 2000 (Northern Ireland), or
otherwise), we request that we be notified in writing of the details of such request and that we be consulted and our comments
taken into account before any action is taken.

Disclaimer

While AFRY considers that the information and opinions given in this work are sound, all parties must rely upon their own skill and judgement
when making use of it. AFRY does not make any representation or warranty, expressed or implied, as to the accuracy or completeness of the
information contained in this report and assumes no responsibility for the accuracy or completeness of such information. AFRY will not assume any
liability to anyone for any loss or damage arising out of the provision of this report (other than the sponsoring clients! under the terms of their
contracts).

1. SSE, RWE, Scottish Power, National Grid Ventures, @rsted, Schroders Greencoat and The Renewables Infrastructure Group (TRIG).
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EXECUTIVE SUMMARY

The welfare benefits of a zonal power market in GB are overestimated In
scenarios with high network constraints that are unrealistically sustained

As part of the ongoing Review of Electricity Market Arrangements (REMA) DRIVERS OF ZONAL MARKET DISPATCH EFFICIENCY GAINS

process, the Department for Energy Security and Net Zero (DESNZ) is
currently considering whether to introduce a zonal power market in Great
Britain, with a decision expected in mid-2025.

Various studies have been carried out on the welfare benefits of a move to

zonal pricing, with a range of modelled outcomes. With locational

investment signals more easily provided through other means?!, more recent

modelling has focused on the gains resulting from improved operational

(dispatch) efficiency in resolving transmission constraints, set against losses .. }
from any increases in cost of capital?. Proximity of generation

Dispatch efficiency gains in a zonal market are higher in scenarios and demand
with higher network constraints, which in turn reflect relatively low

network capacity given the need to transport power from locations with an

excess of generation to those with an excess of demand. Whether these

modelled gains are credible is dependent on the scenario reflecting a Medium network Low network
credible balance between network build and patterns of generation and constraints & constraints &
demand. medium zonal low zonal

_ _ . _ Network dispatch dispatch
In particular, we find that combining the patterns of generation and build efficiency gains  efficiency gains

demand from National Energy System Operator (NESO) Future
Energy Scenarios 2024 Holistic Transition Pathway (FES 24 HT) and
Beyond 2030 network plan (as amended by the Clean Power 2030
Plan) "off the shelf”3 results in unrealistically sustained high levels S le[ala a0 el 4| Medium network
of network constraints, and an overestimate of the welfare benefits constraints & constraints &
of a zonal market. Adjusting this "off the shelf" approach to reflect the high zonal medium zonal
more dynamic reality gives a more credible view of a zonal market welfare dispatch dispatch

benefits. CHERGYACETEN efficiency gains

1. For example, centralised strategic planning, locational grid charges, connections reform. 2. These exclude implementation and any incremental ongoing operating costs
for a zonal market. 3. For example, see Impact of a Potential Zonal Market Design in Great Britain (FTI Consulting, February 2025) https://tinyurl.com/yh26ajm9
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EXECUTIVE SUMMARY

Modelled scenarios that account for the dynamic reality of investment

patterns and system planning will yield

Our modelling has shown that a scenario based on combining NESO'’s
Future Energy Scenarios 2024 (FES 24) Holistic Transition (HT) Pathway
and Beyond 2030 network plans off the shelf (referred to throughout this
report as “FES 24 HT Test”) yields an artificially high modelled benefit.

Adjusting this scenario through a series of steps to better account for
the reality of ongoing co-ordination between investment in generation,
interconnection and network build yields a significantly lower benefit:

exclusion of three interconnectors which have been rejected in
Ofgem’s Cap and Floor Window 3 (two on the grounds of their impact
on congestion) while retaining the same total interconnector capacity;

further adjustment to reflect a more central view of the deployment of
offshore wind capacity (reaching 71GW in 2035 rather than 89GW),
while remaining carbon budget compliant;

relocating some offshore wind to improve the use of wind resource;

rebalancing of longer-term network capacity, allowing for a different
reinforcement pattern in the zonal case; and

rebalancing of longer-term network capacity, assuming the same
pattern of reinforcement based on the national case.

The residual benefit from zonal pricing in the resulting partially re-
optimised scenario would be eliminated if costs of capital for most?
new capacity increased by 100bps.

If the wealth transfer from neighbouring markets had to be repaid
e.g. via compensation arrangements under the EU-UK Trade and
Cooperation Agreement (TCA), benefits could fall further.

1. i.e. all capacity other than non-CfD supported OCGT (+50bps) and nuclear or storage technologies (no change).
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smaller zonal welfare benefits

CHANGE IN ZONAL WELFARE BENEFIT (BEFORE
IMPLEMENTATION COSTS)
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EXECUTIVE SUMMARY

Even with high sustained congestion, total zonal welfare benefits are small
relative to consumer bills, and sensitive to cost of capital and other risks

Across all the test and partially re-optimised scenarios examined:

— a uniform increase in cost of capital of +100bps for most technologies?!
results in the modelled zonal welfare benefit becoming a welfare
disbenefit in all except one of the scenarios (with a reduction of nearly
80% in the remaining scenario), before considering implementation and
ongoing operational costs

— the increase in cost of capital in combination with a discounting of some
of the wealth transfer from interconnected markets as being at risk of
compensation results in a negative welfare outcome from a zonal market
in all cases (with a larger negative disbenefit if all of the international
wealth transfer is discounted)

While a more congested network has the effect of improving the operational
efficiency gains of a zonal market relative to a national market, it would
also increase the potential for detrimental impacts:

— increased revenue uncertainty and risk premia in a zonal market,
increasing the magnitude of any cost of capital impacts; and

— increased redispatch of interconnectors, which in turn drives a larger
wealth transfer from interconnected markets in the zonal case.

The conclusion that the dispatch efficiency gains of a zonal market are
highly sensitive to cost of capital impacts is robust across a wide range of
modelled benefit cases, particularly if compounded by any compensation
risk that may arise under the EU-UK TCA.

TOTAL ECONOMIC WELFARE BENEFIT, ZONAL CASE VERSUS
NATIONAL BAU (BEFORE IMPLEMENTATION COSTS)

NPV 2030-2050 (£billion, real 2024)

No Cost of CoC + EU CoC + EU
sensitivity capital compensation compensation
(CoC) sensitivity (lower sensitivity (upper
sensitivity bound)? bound)?
FES 24_ HT Test 250 52
scenario
!Dartlally relocate 191
interconnectors
More central view
of offshore wind 17.4
rollout
R_elocate offshore 14.5
wind
Adjust network
(incl. zonal 14.7
assessment)
FES 24 HT 8.9

Adjusted scenario

Even the overestimated benefit of £25.0bn would correspond to saving in
annual electricity costs of only £13 for a medium consumer, while a £13.7
billion disbenefit would increase annual bills by £7 (TDCV)3

1.The exceptions are non-CfD supported OCGT ((+50bps), nuclear (no change) and storage (no change) 2. The lower bound estimate is based on the reduction in profits earned by foreign generators in
the Balancing Mechanism; the upper bound on the total change in non-GB European welfare 3. Calculated assuming the change in total welfare is spread evenly across all type of consumers and a typical

domestic consumption value (TDCV) of 2,700kWh/year of electricity, for the medium consumer profile class (Decision on revised TDCV for gas and electricity, Ofgem, 2023).
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INTRODUCTION

We have examined the effect of using the FES 2024 Holistic Transition and
Beyond 2030 plan “off the shelf” to assess zonal market welfare benefits

BACKGROUND

As part of the ongoing Review of Electricity Market Arrangements
(REMA) process, the Department for Energy Security and Net Zero
(DESNZ) is currently considering whether to introduce a zonal power
market in Great Britain, with a decision expected in mid-2025.

Various modelling exercises examining the potential socio-economic
welfare benefits of zonal pricing have been carried out based on the
National Energy System Operator (NESO) Future Energy System (FES)
pathways. The FES scenarios are not intended to be taken as blueprints
and represent only the first step in NESO'’s iterative network planning. In
particular they do not consider the financial viability of private
investments (or the associated costs of support schemes such as CfDs)
and so provide limited guidance on whether the scenario capacity mix
could credibly be built. The FES 24 pathways are also not fully optimised
from a system cost perspective, including the use of the Beyond 2030
network plan as a fixed network background; the Beyond 2030 plan was
developed based on the earlier FES 23 scenarios and does not extend
over the full timeline required in the FES scenarios (i.e. to 2050).

To accommodate these features, in AFRY modelling based on the FES
(including based on the FES 2024 Holistic Transition Pathway and the
Beyond 2030 network planl) in most areas we adopt the same
assumptions as the published documents in the short-term, but then
optimise the deployment of generation and storage (including
electrolysis and CCS) with network build to deliver least cost outcomes
while being compatible with project investability criteria.

Conversely, other modelling based on the FES 24 Holistic Transition
Pathway and Beyond 2030 has been based on adopting the published
documents “off the shelf” without consideration of overall system or
project economics2. We see systemic issues with this method of analysis
which would yield overestimates for the benefits of zonal pricing.

OBJECTIVE

The objective of the analysis is to examine the effect of these issues on
the welfare benefits assessment for a zonal market.

In order to do this, we have created a “FES 24 HT Test” scenario (which
we believe overstates future congestion) based on combining the FES 24
Holistic Transition Pathway and Beyond 2030 network plan (as amended
for 2030 by the more recently published Clean Power 2030 (CP2030)
plan). We have then examined in turn the impacts on the zonal benefits
assessment of various cumulative adjustments in more balanced variant
scenarios:

— a more credible build-up of interconnector capacity by location
— a rollout of offshore wind capacity reflecting a more central view
— partial relocation of offshore wind against a fixed network background

— longer-term network adjustment, based on both a more restrictive
view based on HVDC reinforcements, and a more expansive case
which also allows additional onshore AC transmission capacity

1. Enhanced National Electricity Market Designs for Great Britain (AFRY, February 2025) https://afry.com/en/enhanced-national-electricity-market-designs-great-britain

2. For example, see Impact of a Potential Zonal Market Design in Great Britain (FTI Consulting, February 2025) https://tinyurl.com/yh26ajm9
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INTRODUCTION

For both the Test scenario and the variant scenarios we have modelled a
national market BAU case with redispatch, under a zonal (11-zone) market

MODELLED NETWORK BOUNDARIES ZONE DEFINITION IN THE ZONAL MARKET
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FES 24 HT TEST SCENARIO — OVERVIEW OF APPROACH

To test the effects of combining the FES 24 HT pathway and Beyond 2030
network plan off-the-shelf, we modelled a Test scenario with this approach

OVERVIEW OF APPROACH — FES 24 HT TEST SCENARIO

To test the effects of combining the Future Energy Scenarios 2024
Holistic Transition pathway and the Beyond 2030 network plan off-
the-shelf (as amended by the Clean Power 2030 (CP2030) Action
Plan), we modelled a test scenario adopting this approach (“the FES
24 HT Test scenario”) which we believe overstates future congestion:

1. The Clean Power 2030 Action Plan (which was published subsequently to the Beyond 2030 network plan) assumes that three Beyond 2030 projects due for delivery in 2031 are delivered in 2030.
13 MAY 2025

Demand is based on the CP2030 Further Flex and RES scenario to
2030, and the FES 24 Holistic Transition Pathway (FES 24 HT)
thereafter, with regional power demand growth based on the FES
24 HT.

Generation capacity is based on the CP2030 Further Flex and RES
scenario to 2030, and exogeneous input assumptions from the FES
24 HT thereafter, including locational split.

Commodity prices are based on the FES 2024

Network expansion is based CP2030 in 20301, the published
Beyond 2030 plan (which runs to 2040), and held flat post-2040

Interconnector capacity matches the FES 24 HT as a national

total; as the FES does not provide a breakdown of this capacity, for
the Test scenario we have adopted an approach of building out the
existing project pipeline until the total required capacity is reached

European assumptions are based on proprietary modelling by
AFRY

Further inputs for the FES 24 HT Test scenario are provided at Annex
A.l.
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FES 24 HT TEST SCENARIO — WIND CURTAILMENT

High levels of wind curtailment in the FES 24 HT Test scenario reflect
overcapacity and insufficient coordination with network build

A feature of the FES 24 HT Test scenario is the extent to which onshore
and offshore wind suffers both market and network curtailment.

Market curtailment occurs when the power price in the day ahead market
falls below the opportunity cost of generation.

Market-self curtailment reaches 20% for total wind in 2035, reflecting an
overcapacity of wind relative to demand (including any demand resulting
from exports to other markets).

Significant market curtailment reduces the economic case for wind, and
(in reality) would result in lower levels of wind capacity build.

Locational network constraints drive a further reduction in wind
generation via redispatch in the Balancing Mechanism, reaching a further
4.2% of available capacity in 2035, with locations in Scotland and North
of England being the most constrained.

Better utilisation of wind capacity through improved siting or possibly

increased network reinforcement would be likely to reduce total system
costs and improve overall welfare.
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WIND AVAILABLE RESOURCE AND MARKET CURTAILMENT, FES
24 HT TEST SCENARIO, NATIONAL BAU
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FES 24 HT TEST SCENARIO — NETWORK CONGESTION BY BOUNDARY

Network congestion in the FES 24 HT Test Scenario is significantly higher
the National BAU case compared to zonal case

NETWORK CONGESTION “RENT”1 BY BOUNDARY, FES 24 HT TEST SCENARIO

£billion/year, real 2024
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1. In the Zonal case, congestion rent is calculated based on the hourly difference in wholesale prices on each side of the boundary, multiplied by the flows across the boundary. The congestion rent for HVDC lines is also
included and split across each boundary it crosses in proportion to the AC congestion rent for the boundary. In the National BAU case, proxy congestion rent figures are based on the difference in hourly marginal Balancing
Mechanism prices on each side of the boundary, multiplied by the hourly flow across the boundary. The congestion rent for HVDC lines is split across boundaries as for the zonal case.
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FES 24 HT TEST SCENARIO — NETWORK CONGESTION BY BOUNDARY

The Beyond 2030 network plan is not a good fit for the FES 24 Holistic Transition
Pathway, whether assessed in a national or a zonal market

NETWORK CONGESTION “RENT”1 REINFORCEMENT COSTS?
A comparison of congestion rents? by boundary in each £billion/year/GW, real 2024 Ebillion/year/GW, real 2024
year and the levelised cost of both AC and HVDC FES 24 HT TEST SCENARIO
reinforcement indicates that there is a significant further AC HVDC
potential for economic network reinforcement in the FES NATIONAL BAU ZONAL
24 HT Test scenario. SHETL N

2030 2035 2040 2050 2030 2035 2040 2050 to  SPTtoEastto

This is true whether based on constraint costs in the Midlands 'orth Thames
national BAU or in a zonal market, although the B2 0.02 0.03 0.04 0.02 0.01 0.02 0.02 0.01 0.02
economic potential is lower based on a zonal market B4 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0'02
assessment. B6 0.03 0,03 0.01 000 |0.01 001 001 0.00 003 008
For example, in the zonal market the B7a boundary B7a 0.07 0.07 0.08 0.04 0.03 '
consistently has enough congestion rent to make AC B8 0.15_0.05 0.03 0.05 0.05 0.02 0.01 0.02 0.02
reinforcement economic; in the national BAU market, a EC5 | 0.03 0.00 0.01 0.04 0.05 0.03
proxy for boundary congestion rent based on Balancing SC3 | 0.00 0.00 0.02
Mechanism prices from the B7a boundary alone would be LE1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.06
sufficient to make either HVDC bootstrap from Scotland SC1 | 0.00 0.00 0.04

(SHETL_N to Midlands or SPT to North) an economic
choice (noting there is additional congestion rent on the SW1 sl 0.07.70.08°0.08 OO RO 0.03

other boundaries these lines cross which would improve Key No reinforcement required: congestion rent is less than the cost of AC
the economic case further). reinforcement over a significant timeframe to 2050

Requirement for reinforcement indicated: congestion rent is greater than or
equal to the cost of AC reinforcement but less the cost of HVDC reinforcement
over a significant timeframe to 2050

. Strong requirement for reinforcement indicated: congestion rent is greater than
or equal to the cost of HVDC reinforcement over a significant timeframe to
2050

1. Network congestion rents per GW are calculated based on AFRY modelled congestion rent between zones (or proxy in the National BAU case, see previous page) divided by the
boundary capacity from Beyond 2030. 2. See Annex B.1.
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VARIANT SCENARIOS

Through a series of intermediate scenario steps, we have created a more
realistic Adjusted Scenario

Rebalanced network

scenarios
FES 24
HT Tes.t relocated IC offshore wind offshore wind EECEETE assessment Adjusted
scenario scenario scenario scenario -
HVDC only, HVDC & AC, scenario
BAU only BAU only

assessment assessment

Starting with the FES 24 HT Test Scenario, through a series of intermediate scenario steps, we make a series of adjustments to reflect a scenario that is more
likely to provide a central view of the dispatch-only benefits of zonal pricing (the “FES 24 Adjusted scenario”):

Partially relocate interconnector capacity
Reduce offshore wind capacity to reflect a more central view
Relocate the reduced offshore wind capacity to better reflect the fixed network background
Scenario steps are cumulative up to Step 3 e.g. the relocated offshore wind scenario includes partially relocated interconnectors and reduced offshore wind
capacity, as well as relocated offshore wind capacity. In next step the network is rebalanced in four alternative ways dependent on:
profitability assessments specific to the zonal and national BAU cases, based on HVDC reinforcement only (4a), or HYDC and AC reinforcement (4b)
assumin%the ?ett)\;vork in the national BAU and zonal cases is the same, using the HVDC only reinforced network (5a) or the network reinforced with both
HVDC and AC (5

The FES 24 HT Adjusted scenario contains all the steps up to and including Step 3, plus the network representation from Step 5b.

1. Decision on the Initial Project Assessment of the Third Cap and Floor Window for Electricity Interconnectors (Ofgem, November 2024)
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VARIANT SCENARIOS — PARTIALLY RELOCATED INTERCONNECTOR SCENARIO

As a first step to a more realistic scenario, we adjust the FES 24 HT Test
scenario to reflect a more realistic pattern of interconnector locations

1 - MORE REALISTIC INTERCONNECTOR ASSUMPTIONS AMENDED PATTERN OF INTERCONNECTION ACHIEVING THE FES

Each of the FES scenarios includes assumptions for total interconnector 2024 HOLISTIC TRANSITION TOTAL IC CAPCITY

capacity. However, assumptions on GB landing points and the AQUIND (-2GW) —
interconnected markets for new interconnectors are not published. ElecLink 2 (+1GW) ————
Spr Cronos (-1.4GW) — =
One approach to create the necessary locational assumptions for GB-BEL (+1.4GW) == == =
interconnectors is to use the existing project pipeline, adding GB-IAl (+0.6 GW)
progressively less well-developed projects until the total required Aminth (-=1.4GW) ===
capacity is reached. To reach the 25.4GW by 2040 required in the FES ‘,Uppe”vorth GB-DEN (+1.8 GW)

24 Holistic Transition Pathway means including capacity that has applied
for but been rejected for cap-and-floor support?.

Of the projects rejected in the third cap and floor window?, AQUIND and Norty, e
Cronos were rejected on the grounds that they would cause excessive PP LA
network constraint costs (even when making some allowance for

So,
network reinforcement under the Beyond 2030 Plan), while Aminth was - Wajeg

£
rejected due to lack of deliverability by 2032, with the construction of M’”’ands ,Jy'gast ;
the Danish Energy Island having been delayed by 4 years to at least ‘:"._' 4
20363. L A

Sol.lth OndOn \
A more realistic view is that these projects are now unlikely to go ahead. Thames \
We remove these projects (shown with red lines on the map). To achieve Cronw\
the required total scenario capacity by 2040, we: AQUIND \

— replace Cronos with a new GB-BEL line connecting to the East zone
by 2035

— replace AQUIND with ElecLink 2 and a new GB-Ireland line by 2035

— replace Aminth with a new GB-Den line (by 2040)
1. As an example of this approach, see Impact of a Potential Zonal Market Design in Great Britain, p.19 (FTI Consulting, February 2025) https://tinyurl.com/yh26ajm9
2. Decision on the Initial Project Assessment of the Third Cap and Floor Window for Electricity Interconnectors (Ofgem, November 2024)

3. https://www.reuters.com/business/energy/denmarks-north-sea-energy-island-delayed-again-by-high-costs-2024-08-21/
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VARIANT SCENARIOS — REDUCED OFFSHORE WIND SCENARIO

In the second step, we reflect a more central view of the deployment of
offshore wind while remaining carbon budget compliant

2 - A MORE CENTRAL VIEW OF OFFSHORE WIND CAPACITY

Future offshore wind capacity is currently the key driver of NESO’s
network planning process, beginning in 2022 with the Holistic Network
Design! to connect 50GW by 2030, and more recently the Beyond 2030
network plan, resulting from a Government mandate to connect an
additional 21GW (i.e. 71GW) by 2035 and help deliver Carbon Budget 62.

The FES 24 Pathways are designed to meet Britain’s carbon budgets;
however, between 2031 and the end of the currently set carbon budgets
in 2042, all three of the Holistic Transition, Electric Engagement and
Hydrogen Evolution pathways have a greater level of offshore wind
capacity than required in the Committee on Climate Change’s Balanced
Pathway scenario (70GW in 2035 and 88GW in 2040). In Holistic
Transition, there is an additional 19GW in 2035 and an additional 11GW
in 2040.

Holistic Transition and Electric Engagement also have consistently higher
onshore wind capacity than in the CCC Balanced Pathway. With its very
high wind deployment, the FES 24 HT scenario is more likely to
represent an upper bound on network constraint volumes and the
resulting dispatch benefits of a zonal market.

To reflect a more central view, from 2035 we have adjusted the offshore
wind deployment track to reflect the lower of the CP 2030 Further Flex
and RES Scenario, CCC Balanced Pathway or the FES 24 Holistic
Transition Pathway, resulting in the FES 24 HT Adjusted scenario
capacity track; the reduction in generation is largely replaced by
reduced curtailment of the remaining wind capacity and a reduction of
exports. We have left onshore wind deployment unchanged.

TOTAL INSTALLED OFFSHORE AND ONSHORE WIND CAPACITY
GW

160
B CCC Balanced Pathway Carbon
FES 24 Holistic Transition Budg_et 7
140 =—o=— ; : period
FES 24 HT Ad_Justed scenario (2038-42)
== FES 24 Electric Engagement
120 — FES 24 Hydrogen Evolution -
= FES 24 Counterfactual
CP2030 Further Flex & RES s
100 Solid lines —
offshore wind
capacity
80 —_—
60
40 = = = 7 _ = Dashed lines —
~ = — — = = onshore wind
o= == == == == == Ccgpacity
20
0 T T T T T 1
2025 2030 2035 2040 2045 2050

1. A Holistic Network Design for Offshore Wind (NESO, July 2022) https://www.neso.energy/publications/beyond-2030/holistic-network-design-offshore-wind

2.  Beyond 2030 (NESO, March 2024) https://www.neso.energy/publications/beyond-2030

20 MAY 2025

COPYRIGHT AFRY MANAGEMENT CONSULTING UK

AFRY

AF POYRY



VARIANT SCENARIOS — REDUCED OFFSHORE WIND SCENARIO

For the reduced offshore wind scenario, we reduce new offshore wind
capacity additions in all locations by a uniform ratio

2 — A MORE CENTRAL VIEW OF OFFSHORE WIND CAPACITY CHANGE IN OFFSHORE WIND CAPACITY BY LOCATION IN THE
The reduced offshore wind capacity scenario has lower offshore wind REDUCED OFFSHORE WIND SCENARIO (GW)
capacity than the FES 24 HT Test scenario in 2030, 2035 and 2040, with 0
the largest difference of 19GW in 2035; in 2050 total capacity is 1 I SHETL_N
unchanged from the Test scenario. 5 SHETL S
For the capacity reduction step, reductions in capacity are implemented -3 . SPT
uniformly by location i.e. the total required capacity reduction is spread 4 I Upper North
across zones in proportion to the new offshore wind capacity build North
connecting into each zone. -5 .
6 Midlands
As a large fraction of the new build connects to the Scottish zones, a -7 - South Wales
proportionally greater fraction of the capacity reduction is in these M East
zones. -8 -7.6
-9 . London
10 I Thames
11 l -10.4 South
-12
-13
-14
-15
&umWHu -16
e - -17
-18
South -19 -18.5

2030 2035 2040
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VARIANT SCENARIOS — RELOCATED OFFSHORE WIND SCENARIO

In the relocated offshore wind scenario, we relocate some of the remaining
offshore wind to better reflect the fixed Beyond 2030 network background

3 — RELOCATED OFFSHORE WIND

The FES 24 scenarios contain a view of the total capacity of offshore wind
based on a least system-cost optimisation with other generation and storage
technologies against the fixed network from the Beyond 2030 Plan, which we
understand has enabled a degree of locational adjustment based on
curtailment volumes.

However, whether investments in capacity are profitable is not assessed as
part of the development of the FES. To partially reflect the potential impact
of investment decisions on the longer-term capacity mix, we have examined
internal rates of return for offshore wind farms connecting to different zones
in a national Business-as-Usual market, incorporating locational differences
in:

- generation profiles and annual average load factors

- fixed operational costs, including locational grid charges! and the

distance to shore

- capital costs, including sea-bed depth and turbine type

The assessment was done on a merchant basis; however lower levels of
profitability in a given location would lead to a requirement for a higher
strike price and a relative lack of competitiveness in CfD auctions, with
some locational influence on investment decisions for new CfD plants
remaining.

Compared to the FES 24 pattern of capacity, this analysis indicates that 6 to
9 GW of offshore wind capacity in SHETL_N would have a higher return and
be more likely to be built if it were relocated across other lease areas
further south?:3.

1. We assume locational grid charges based on the wider tariffs from the Five-Year View of TNUoS Tariffs
for 2025/26 to 2029/30 (NESO, April 2024), held flat from 2030 onwards. 2. An assessment based on

returns in a zonal market with no locational grid charges gave similar results. 3. The offshore wind capacity
assumed in the southern zones in the long term is well below the potential identified by the Crown Estate in

The Future of Offshore Wind report (published September 2024).
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RELOCATION OF OFFSHORE WIND CAPACITY IN THE
RELOCATED OFFSHORE WIND SCENARIO (GW)
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VARIANT SCENARIOS — SUMMARY OF THE FIRST 3 VARIANT SCENARIOS

Over the first 3 steps of scenario adjustments, changes to interconnection
and offshore wind are made without adjusting the GB network

SUMMARY OF VARIANT SCENARIOS 1 TO 3

Scenario Scenario name Interconnector Offshore wind Offshore wind Network — Network — Zonal
marker locations capacity locations National BAU

Substitutes for AQUIND,
e Partially relocated IC Cronos Aminth retaining
same total capacity
Substitutes for AQUIND, Lower of CP2030,
e Reduced offshore wind Cronos Aminth retaining FES 24 HT and CCC
same total capacity Balanced Pathway
Substitutes for AQUIND, Lower of CP2030, Capacity
e Relocated offshore wind Cronos Aminth retaining FES 24 HT and CCC relocated from
same total capacity Balanced Pathway north to south
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VARIANT SCENARIOS — SUMMARY OF THE NETWORK ADJUSTMENT SCENARIOS

After Step 3, the network is adjusted, based on HVDC only, or HYDC and AC;
and whether the assessment is specific to zonal or based on national only

Network — Network — Zonal

National BAU

Offshore wind
locations

Offshore wind
capacity

Interconnector
locations

Scenario Scenario name

marker

Rebalanced network - HVDC
only (incl. zonal assessment)

Rebalanced network — HVDC
& AC (incl. zonal
assessment)

Rebalanced network — HVDC
only (BAU assessment only)

Rebalanced network — HVDC
& AC, (BAU assessment

only)

FES 24 HT Adjusted scenario

Per Relocated offshore
wind scenario

Per Relocated offshore
wind scenario

Per Relocated offshore
wind scenario

Per Relocated offshore
wind scenario

Per Scenario 5b

Per Relocated
offshore wind
scenario

Per Relocated
offshore wind
scenario

Per Relocated
offshore wind
scenario

Per Relocated
offshore wind
scenario

Per Scenario 5b

Per Relocated
offshore wind
scenario

Per Relocated
offshore wind
scenario

Per Relocated
offshore wind
scenario

Per Relocated
offshore wind
scenario

Per Scenario 5b

FES 24 HT Test
scenario + HVDC
adjustments
assessed in BAU

FES 24 HT Test
scenario + HVDC &
AC adjustments
assessed in BAU

FES 24 HT Test
scenario + HVDC
adjustments
assessed in BAU

FES 24 HT Test
scenario + HVDC &
AC adjustments
assessed in BAU

Per Scenario 5b

FES 24 HT Test
scenario + HVDC
adjustments assessed
in zonal

FES 24 HT Test
scenario + HVDC &
AC adjustments
assessed in zonal

FES 24 HT Test
scenario + HVDC
adjustments assessed
in BAU

FES 24 HT Test
scenario + HVDC &
AC adjustments
assessed in BAU

Per Scenario 5b
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VARIANT SCENARIOS — HVDC ONLY (INCL. ZONAL ASSESSMENT) SCENARIO

In the first network solution, we rebalance the network based on
assessments specific to a national or zonal market with HVDCs only

4A — HVDC ONLY (INCL. ZONAL ASSESSMENT) SCENARIO

Having adjusted interconnectors and offshore wind capacity, we have
rebalanced the network, initially based on an assumption that only HVDC
lines are possible, based on a further assumption that new AC lines are
less expensive but at greater risk of encountering obstacles for other
reasons (e.g. environmental and community impacts onshore).

We have examined potential additional HVDC lines from 2035 onwards,
based firstly on lines that would be economically profitable in a zonal
market, and secondly based on those that would be profitable in the
National BAU market. In both cases, profitability is based on whether the
cost of a marginal increase in HVYDC capacity would be more than
compensated by a reduction in congestion costs, either measured by
reductions in inter-zonal congestion rent?! (in the Zonal case) or in
redispatch costs? (in the National BAU case).

We find that, compared to the Beyond 2030 network plan (with 3
projects accelerated by a year to 2030), further HVDC reinforcement
(+6.5GW by 2050) would be profitable in the National BAU case. In the
zonal case, based on inter-zonal congestion rent, there would be a net
reduction of 3GW by 2050. Higher proxy rents in redispatch incentivise
greater network build in national BAU compared to the zonal cases. The
difference in HVDC network costs between the two cases is £5.4 billion
(NPV 2030-50).

HVDC ADJUSTMENTS, HVDC ONLY (INCL. ZONAL ASSESSMENT)
SCENARIO, ZONAL CASE (BASED ON ZONAL PROFITABILITY)

SHETL_N to Midlands

(less HND coordinated links) A =Rl I
East to Thames +1.5GW +1.5GW +1.5GW
Eastern link 4 (removed) -2GW -2GW -2GW

HVDC ADJUSTMENTS, HVDC ONLY (INCL. ZONAL ASSESSMENT)
SCENARIO, BAU CASE (BASED ON BAU PROFITABILITY)

Link 2035 2040 2050
SHETL_N to Midlands

(more HND coordinated links) Q sl sl
East to Thames +3GW +3GW +3GW
SPT to North 0 +1.5GW +1.5GW

1. The difference in zonal hourly wholesale prices on each side of the boundary, multiplied by the flow across the boundary 2. Defined as the difference in hourly marginal
Balancing Mechanism prices on each side of the boundary, multiplied by the hourly flow across the boundary 3. This is influenced by uplifts on bids and offers in the Balancing
Mechanism; some uplift could also occur within market prices in a zonal market, increasing inter-zonal congestion rent and reducing the difference with the national BAU case

in modelled network build.
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VARIANT SCENARIOS — HVDC & AC (INCL. ZONAL ASSESSMENT) SCENARIO

We have also rebalanced the network specific to a zonal market, but also
assuming that both HVDC and AC reinforcements are possible

4B — HVDC & AC (INCL. ZONAL ASSESSMENT) SCENARIO, ZONAL
CASE

In an alternative network rebalancing approach in the zonal market, we
re-optimise the network capacity allowing both HYDC and AC
reinforcements.

The table and charts on the right show the results of the network
adjustment for both HYDC and AC boundary capability, based on an
assessment of profitability in the zonal case.

As AC reinforcement costs are lower than HVDC reinforcement costs for
distances up to around 500km1, adjusting the network based on both
HVDC and AC reinforcement results in less HVDC reinforcement
compared to Step 4a, with a compensating increase in AC capacity.

1. See Annex B.1 for a summary of grid reinforcement cost assumptions.

26 MAY 2025 COPYRIGHT AFRY MANAGEMENT CONSULTING UK

HVDC ADJUSTMENTS, HVDC & AC (INCL. ZONAL ASSESSMENT)
SCENARIO, ZONAL CASE

SHETL_N to Midlands

(less HND coordinated links) A L I
Eastern link 4 (removed) -2GW -2GW -2GW
Eastern link 3 (removed) -2GW -2GW -2GW

AC TRANSMISSION CAPABILITY BROKEN DOWN BY BOUNDARY
‘000 GWkKm
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s+« R BE YE BN 86
15 13.2 ] 13.2 [ Il s7a
— — I ss
10 M Ecs
SC1
S SC3
0 SW1
2030 2035 2040 2050 2030 2035 2040 2050

AFRY

AF POYRY



VARIANT SCENARIOS — HVDC & AC (INCL. ZONAL ASSESSMENT) SCENARIO

We have also rebalanced the network specific to a national BAU market,
assuming that both HVDC and AC reinforcements are possible

4B — HVDC & AC (INCL. ZONAL ASSESSMENT) SCENARIO,
NATIONAL BAU CASE

The table and charts on the left show the results of the network
adjustment for both HYDC and AC boundary capability, based on an
assessment of economic profitability in the national BAU case.

This case has the most extensive network capacity build, with no net
change in HVYDC capacity compared to Beyond 2030 (from 2040
onwards), and significant additional AC boundary capability, particularly
on the most constrained boundaries such as B7a and BS8.

The difference in HYDC & AC network costs between the zonal and
national BAU cases is £5.7 billion (NPV 2030-50).
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HVDC ADJUSTMENTS, HVDC & AC (INCL. ZONAL ASSESSMENT)
SCENARIO, BAU CASE

SHETL_N to Midlands

(more HND coordinated links) 0 +2CW

+2GW

Eastern link 3 (removed) -2GW -2GW -2GW

AC TRANSMISSION CAPABILITY BROKEN DOWN BY BOUNDARY

‘000 GWkKm

FES 24 HT TEST SCENARIO
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VARIANT SCENARIOS — HVDC ONLY (BAU ASSESSMENT ONLY) SCENARIO

In a variant of the HVDC-only scenario, the zonal case is assumed to have
the same network as the national BAU case

5A — HVDC ONLY (BAU ASSESSMENT ONLY) SCENARIO HVDC ADJUSTMENTS, HVDC ONLY (BAU ASSESSMENT ONLY)
SCENARIO, ZONAL AND NATIONAL BAU CASES

In Step 5a, the network derived in Step 4a based on assessing HVDC Link 2035 2040 2050

reinforcement only based on profitability in the national BAU case is

applied in the zonal market as well as the national BAU market. SHETL_N to Mldla_nds _ 0 +2GW +2GW
(more HND coordinated links)

This enables an assessment of pure dispatch-only efficiency gains in a

zonal market based on a national BAU counterfactual case. East to Thames +3GW +3GW +3GW
SPT to North 0 +1.5GW +1.5GW
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VARIANT SCENARIOS — HVDC & AC (BAU ASSESSMENT ONLY) SCENARIO

In variant of the HVDC & AC reinforcement scenario, the zonal case iIs
assumed to have the same network as the national BAU case

5B - HVDC & AC (BAU ASSESSMENT ONLY) SCENARIO

In Step 5b, the network derived in Step 4b based on assessing HVDC
and AC together based on profitability in the national BAU case is
applied in the zonal market as well as the national BAU market.

This enables an assessment of pure dispatch-only efficiency gains in a

zonal market based on a national BAU counterfactual case adjusting
both HVDC and AC network expansion.
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HVDC ADJUSTMENTS, HVDC & AC (BAU ASSESSMENT ONLY) SCENARIO,
ZONAL & NATIONAL BAU CASE

SHETL_N to Midlands

(more HND coordinated links) Q sl sl

Eastern link 3 (removed) -2GW -2GW -2GW

AC TRANSMISSION CAPABILITY BROKEN DOWN BY BOUNDARY
‘000 GWkKm

HVDC & AC (BAU ASSESSMENT
S AN PSSRSO ONLY) SCENARIO, ZONAL & BAU
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SOCIOECONOMIC WELFARE RESULTS

A scenario combining the FES 24 Holistic Transition and Beyond 2030
network plan off the shelf is likely to overestimate zonal welfare benefits

CHANGE IN ZONAL WELFARE BENEFIT BY FES 24 HT VARIANT SCENARIO (BEFORE IMPLEMENTATION COSTS)1: 2.3
NPV 2030-50 (£billion, real 2024)

40 A hypothetical scenario based on

combining the FES 24 Holistic Transition However, adding a series of scenario adjustments to partially account for more realistic patterns of

Pathway, Beyond 2030 and CP2030 generation, network build and interconnection indicates this is likely to be an overestimate, with the post-

35 achieves a notional total welfare benefit of adjustment case having a significantly lower dispatch-only benefit of £8.9 billion, before considering negative

£25.0 billion (based on dispatch efficiency effects
30 improvements only) As the residual benefit

indicated by the FES 24 HT
25.0 Adjusted scenario is the

25 . result of only a partial

reoptimisation it is likely to
remain an overestimate of

20 the benefits

-1.7
15 ' —— ——
10 e Ll 5o

5
0
FES 24 HT Reoptimise More central Relocate Adjust network Adjust network Adjust network Adjust network FES 24 HT
Test scenario IC locations view of offshore offshore wind (Zonal & BAU (Zonal & BAU (BAU assessment(BAU assessment Adjusted
wind rollout assessment, assessment, only, HVDC only) only, HVDC & scenario
HVDC only) HVDC & AC) AC)

1. Steps 1 to 3 are cumulative i.e. Step 3 contains all the changes in Steps 1 to 3. Changes to welfare resulting from individual scenario adjustments are not additive, and the order in which they are applied will affect the
welfare change attributed to each. 2. Steps 4a to 5b independently reflect different network configurations for the scenario in Step 3, but the change in zonal benefits remains cumulative moving from left to right (with the
FES HT 24 Adjusted scenario having the cumulative changes in Step 3, plus the Step 5b network). 3. The zonal benefit shown at Step 4a reflects a zonal market with HVDC network reinforcement based on zonal market
profitability, and a National BAU case with HVDC reinforcement based on profitability in the national BAU case, and takes account of total network cost differences between the cases; Step 4b reflects the same approach
but extended to also include AC reinforcement. Steps 5a and 5b apply the network derived in the National BAU case in (respectively) Steps 4a and 4b in both the zonal and national BAU cases.
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SOCIOECONOMIC WELFARE RESULTS

Improved whole-system planning within a national market can deliver
significant welfare improvements and negate the benefit of a zonal market

TOTAL GB WELFARE CASES COMPARED WITH THE NATIONAL BAU BASELINE IN THE FES 24 HT TEST SCENARIO
NPV 2030-2050 (£billion, real 2024)

gg Il National BAU I Zonal
32 Large apparent benefit Zonal cases in the better optimised scenarios still show a positive Further scenario optimisation is likely to
from a zonal market in a modelled total welfare benefit (from network cost saving benefit reduce the difference between the zonal
70 poorly optimised and/or dispatch efficiency benefit), but significantly reduced from and national cases further, although still
65 scenario £25 billion show some modelled network and
60 dispatch efficiency benefit from zonal
55 — —
50 —_— -
45
40 Even a partial 37
35 improvement in system
30 planning in a national - I
o5 25 market can deliver welfare 23
benefit improvements as
20 large as those resulting
15 from the introduction of a
10 zonal market
> 0 1 1 I
FES 24 HT Test Adjust network Adjust network Further optimised
(Zonal & BAU (BAU assessment scenarios (not
assessment, only, HVDC & AC) modelled in this
HVDC & AC) study)

Note: Net Present Values (NPV) of economic welfare provided in this report are calculated over an appraisal period from 2030 to 2050 inclusive, assuming a 3.5% discount rate. Modelled years were 2030, 2035, 2040
and 2050, with values for the non-modelled years in between based on interpolation between modelled years. Each future year is given a discounted value, starting with 2030 indexed to a value of 1. This includes all
years, both modelled years and years in between. Final system costs included direct capex values from the modelled years; The capex is included in the NPV using the Spackman approach. Variable and annual fixed
costs from each modelled year are counted for each of the years the modelled year represents. On this basis, the NPV values are therefore 2030 values for a 21-year period. We then further discount these values in
order to bring them to a 2025 indexed value.
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SOCIOECONOMIC WELFARE RESULTS

Zonal welfare benefits in the Test scenario are sensitive to cost of capital
Impacts and any efforts to reverse wealth transfers from Europe

COST OF CAPITAL AND EU COMPENSATION SENSITIVITIES

i) Cost of capital sensitivity

In FES 24 HT Test scenario, we have assumed the introduction of a zonal
market has no impact on cost of capital. In the Test scenario constraint
costs remain high over the whole timeframe to 2050, increasing volume and
price risk for unhedged generators and increasing the likelihood of a cost of
capital impact. A 1% increase in cost of capital for most capacity (+0.5%
for OCGT, no change for nuclear or storage) would reduce the modelled
welfare benefit by £19.8 billion.

ii) EU compensation sensitivity

In the FES 24 HT Test scenario, a significant share of zonal welfare benefit
is a wealth transfer from interconnected markets. As a lower bound
estimate, this amounts to £7.0 billion of £25.0 billion, reflecting a reduction
in redispatch payments made to foreign generators in a zonal market! As
an upper bound this amounts to £15.1 billion, reflecting the overall negative
welfare change in the rest of Europe in the zonal case compared to the
national case.

Under any renegotiation of the EU-UK Trade and Cooperation Agreement
(TCA), the EU would have a political opportunity as well as an economic
incentive to seek compensation for at least part of this transfer, putting this
element of the GB welfare benefit at risk.

The impacts of the two sensitivities are additive; if both occurred then the

total welfare impact would be negative (ranging from a net disbenefit of -

£1.8 billion to -£9.9 billion).

1. Assuming that the profits represented by the bid/offer spreads on interconnectors go to the
underlying power plants in the appropriate market.
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TOTAL ECONOMIC WELFARE BENEFIT, ZONAL CASE VERSUS
NATIONAL BAU (BEFORE IMPLEMENTATION COSTS)

NPV 2030-2050 (£billion, real 2024)

FES 24 HT TEST ZONAL SENSITIVITIES
FES 24 HT

TEST ZONAL COST OF CAPITAL + EU
COST OF CAPITAL COMPENSATION

30

+£25 billion
25

-26.8 to -34.9

20

15

10

+£5.2 billion

- £1.8 billion

-10

- £9.9 billion

Notes: Generation technology costs are based on AFRY proprietary assumptions. The FES 24 Test
scenario Zonal case assumes no increase in cost of capital. The FES 24 Test scenario Zonal — CoC
sensitivity case assumes that hurdle rates increase by +100bps for most new capacity (+50bps
for non-CfD supported OCGT, no change for nuclear or storage).
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SOCIOECONOMIC WELFARE RESULTS

Even with high sustained congestion, total zonal welfare benefits are small
relative to consumer bills, and sensitive to cost of capital and other risks

Across all the test and partially re-optimised scenarios examined:

— a uniform increase in cost of capital of +100bps for most technologies?!
results in the modelled zonal welfare benefit becoming a welfare
disbenefit in all except one of the scenarios (with a reduction of nearly
80% in the remaining scenario), before considering implementation and
ongoing operational costs

— the increase in cost of capital in combination with a discounting of some
of the wealth transfer from interconnected markets as being at risk of
compensation results in a negative welfare outcome from a zonal market
in all cases (with a larger negative disbenefit if all of the international
wealth transfer is discounted)

While a more congested network has the effect of improving the operational
efficiency gains of a zonal market relative to a national market, it would
also increase the potential for detrimental impacts:

— increased revenue uncertainty and risk premia in a zonal market,
increasing the magnitude of any cost of capital impacts; and

— increased redispatch of interconnectors, which in turn drives a larger
wealth transfer from interconnected markets in the zonal case.

The conclusion that the dispatch efficiency gains of a zonal market are
highly sensitive to cost of capital impacts is robust across a wide range of
modelled benefit cases, particularly if compounded by any compensation
risk that may arise under the EU-UK TCA.

TOTAL ECONOMIC WELFARE BENEFIT, ZONAL CASE VERSUS
NATIONAL BAU (BEFORE IMPLEMENTATION COSTS)

NPV 2030-2050 (£billion, real 2024)

No Cost of CoC + EU CoC + EU
sensitivity capital compensation compensation
(CoC) sensitivity (lower sensitivity (upper
sensitivity bound)? bound)?
FES 24_ HT Test 250 52
scenario
!Dartlally relocate 191
interconnectors
More central view
of offshore wind 17.4
rollout
R_elocate offshore 14.5
wind
Adjust network
(incl. zonal 14.7
assessment)
FES 24 HT 8.9

Adjusted scenario

Even the overestimated benefit of £25.0bn would correspond to saving in
annual electricity costs of only £13 for a medium consumer, while a £13.7
billion disbenefit would increase annual bills by £7 (TDCV)3

1.The exceptions are non-CfD supported OCGT ((+50bps), nuclear (no change) and storage (no change) 2. The lower bound estimate is based on the reduction in profits earned by foreign generators in
the Balancing Mechanism; the upper bound on the total change in non-GB European welfare 3. Calculated assuming the change in total welfare is spread evenly across all type of consumers and a typical

domestic consumption value (TDCV) of 2,700kWh/year of electricity, for the medium consumer profile class (Decision on revised TDCV for gas and electricity, Ofgem, 2023).
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ANNEX A.1 — FES 24 HT TEST SCENARIO — INPUTS — GENERATION CAPACITY

Renewable capacity in the FES HT Test Scenario is based on CP2030 Further
Flex & RES in 2030, and the FES 24 Holistic Transition Pathway post-2030

TOTAL GENERATION CAPACITY, FES 24 HT TEST SCENARIO
GW

400 I other
355 BWcT

305 - Il cccTCCS
200 . rvaro
51 Nuclear

250 Battery & Storage
[ solar
200 B offshore Wind
I Onshore Wind
I ccs Biomass
150
100
50
0

2030 2035 2040 2050
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ANNEX A.1 — FES 24 HT TEST SCENARIO — INPUTS — WIND CAPCITY BY LOCATION

In the FES HT 24 Test Scenario, offshore wind

Scotland

TOTAL INSTALLED CAPACITY BY LOCATION, FES 24 HT TEST SCENARIO (GW)

Offshore wind
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ANNEX A.1 — FES 24 HT TEST SCENARIO — INPUTS — SOLAR PV AND BATTERY STORAGE CAPCITY BY LOCATION

In the FES HT 24 Test Scenario, solar PV capacity grows rapidly in England

TOTAL INSTALLED CAPACITY BY LOCATION, FES 24 HT TEST SCENARIO (GW)
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ANNEX A.1 — FES 24 HT TEST SCENARIO — INPUTS — LOW CARBON THERMAL CAPACITY BY LOCATION

Gas CCS and hydrogen-powered generation capacity also grow significantly,

in England

TOTAL INSTALLED CAPACITY BY LOCATION, FES 24 HT TEST SCENARIO (GW)
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ANNEX A.1 — FES 24 HT TEST SCENARIO — INPUTS — DEMAND BY TYPE AND LOCATION

A notable feature of the FES 24 HT Test Scenario is the large growth in electricity
demand for hydrogen production from electrolysis in Scotland

TOTAL DEMAND BY ZONE AND TYPE, FES 24 HT TEST SCENARIO (TWh)
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ANNEX A.1 — FES 24 HT TEST SCENARIO — INPUTS — INTERCONNECTOR CAPACITY

Total interconnector capacity in the FES 24 HT Test Scenario is matched with
the published FES 24 Holistic Transition Pathway

TOTAL INSTALLED INTERCONNECTOR CAPACITY, FES 24 HT TEST SCENARIO
GW
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ANNEX A.2 — FES 24 HT TEST SCENARIO — ADDITIONAL RESULTS — GENERATION

In the FES 24 HT test scenario, the generation mix is dominated by offshore
wind

TOTAL GENERATION, FES 24 HT TEST SCENARIO, NATIONAL BAU (AFTER REDISPATCH)
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ANNEX A.2 — FES 24 HT TEST SCENARIO — ADDITIONAL RESULTS — REDISPATCH VOLUMES AND COSTS

In the FES 24 HT test scenario, constraint volumes increase until the 2040s;
redispatch costs remain above £2.2bn during the whole modelled period

REDISPATCH VOLUMES BY TECHNOLOGY, FES 24 HT TEST SCENARIO,

NATIONAL BAU CASE
TWh/year
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REDISPATCH COSTS BY TECHNOLOGY, FES 24 HT TEST SCENARIO,
NATIONAL BAU CASE

£bn real 2024/year
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ANNEX A.2 — FES 24 HT TEST SCENARIO — ADDITIONAL RESULTS — WHOLESALE PRICES

Annual average zonal wholesale prices tend be lower than national prices in
the north of GB and higher than national prices in the south

WHOLESALE PRICES, FES 24 HT TEST SCENARIO
£/MWh, real 2024
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ANNEX B.1 — VARIANT SCENARIOS — ADDITIONAL INPUTS — TRANSMISSION REINFORCEMENT COSTS

Our transmission network reinforcement costs are based on historical
projects where possible, together with additional assumptions

Transmission costs for HVDC lines are based on a regression analysis
between capex (£/kW) and length, based on historical data and
focussing on interconnectors and HVDC bootstraps of at least 1.2GW.

Bootstraps should typically be a bit cheaper than cross border
interconnectors, since they are typically around 2GW. However,
there are other differences e.g. both converter stations are located
in GB for bootstraps, as opposed to only one of the two for cross-
border interconnectors.

There is some degree of uncertainty, as sometimes the money base
of capex estimates isn't clear, and costs change over time ,
particularly for copper and aluminium.

— For AC lines cost estimates are available, but there is an additional
uncertainty factor, which is how much an additional MW of capacity
will increase the boundary capability. In addition, the cheapest costs
are for very high-capacity lines, and even relatively low proportions of
buried length can escalate costs.

We have therefore taken the conservative assumption that for
lengths greater than 500km, AC reinforcements become more
expensive than HVDC. This is also sufficiently high that it allows for
a non-negligible proportion of the AC reinforcement to be
underground. It may be possible to build AC more cheaply, which
would tend to mean more capacity was built, and lower the benefit
of a zonal market.

We assume seasonal availability profiles; this is a necessary
simplification, and results would differ slightly with stochastic
outages.
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TRANSMISSION NETWORK REINFORCEMENT COSTS (CAPEX ONLY)
£/kW, real 2024

2,600
2,400
2,200
2,000
1,800
1,600
1,400
1,200 —AC
HVDC
1,000
800
600
400
200

0

100 200 300 400 500 600 700 800 900 1000
Length (km)

AFRY

AF POYRY



ANNEX B.1 — VARIANT SCENARIOS — ADDITIONAL INPUTS — TRANSMISSION REINFORCEMENT COSTS

Our transmission network reinforcement costs are based on historical
projects where possible, together with additional assumptions

AC BOUNDARY CAPABILITY COST ASSUMPTIONS? 2 HVDC COST ASSUMPTIONS? 3

Levelised
costs

Fixed
capex

Boundary | Levelised i Length- Opex4 Boundary
costs dependent (E/KW 4,
(£/ chapability) _ /km/year)

Length- Opex*

dependent (E/KW_,p/year)
capex

(E£/KW/km)

(E/KW) (E/KW)

SHETL_N to

Midlands 0.08 565 705.3 0.94 13.72
East to
B4 0.02 121 16.9 2.35 0.042 0.06 130 705.3 0.94 13.72
Thames
B6 0.03 187 16.9 2.35 0.042 SPT to North 0.07 422 705.3 0.94 13.72
B7a 0.03 183 16.9 2.35 0.042 Eastern Link 3 0.08 554 705.3 0.94 13.72
B8 0.02 125 16.9 2.35 0.042 Eastern Link 4 0.07 404 705.3 0.94 13.72
EC5 0.03 186 16.9 2.35 0.042
SC3 0.02 128 16.9 2.35 0.042
LE1 0.02 253 16.9 2.35 0.042
Sc1 0.04 259 16.9 2.35 0.042
Swi1i 0.03 166 16.9 2.35 0.042

1.All monetary values are £ real 2024. Asset lifetimes are assumed to be 40 years for both HVDC and AC reinforcement. 2. For AC boundaries. kW,,. refers to kW of boundary capability 3. A selection
of the key HVDC lines are shown as examples; others were also assessed. 4. For simplicity, we assume opex to be dependent on cable length for AC reinforcements, and independent of cable length
for HVDC lines. In reality, opex may be a combination of fixed costs and costs that relate directly or indirectly to the length of the grid asset.
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ANNEX B.2 — VARIANT SCENARIOS — ADDITIONAL RESULTS — NET INTERCONNECTOR FLOWS

In the FES 24 HT Test scenario, GB is a significant net exporter to European
markets

SCHEDULED NET INTERCONNECTOR FLOWS

52 MAY 2025

In the FES 24 HT Test scenario, GB is a significant net exporter to
European markets, with over 90TWh of net exports per annum over
the 2035-2040 period.

— Scheduled annual net interconnector exports (i.e. before
considering network constraints) are in line with the values
presented in the FES 2024 data, albeit slightly higher in the 2040-
2050 period.

In the FES 24 HT Adjusted scenario, the reduction in offshore wind

capacity leads to lower net exports by ~20TWh in the 2035-2040
period.

COPYRIGHT AFRY MANAGEMENT CONSULTING UK

TOTAL NET SCHEDULED INTERCONNECTOR FLOWS (BEFORE
TRANSMISSION CONSTRAINTS)
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ANNEX B.2 — VARIANT SCENARIOS — ADDITIONAL RESULTS — EFFECTS OF A MORE CENTRAL VIEW OF OFFHSHRE WIND

A more central view of offshore wind roll-out reflecting the CCC Balanced
Pathway until 2040 results in almost no change in domestic emissions

POWER SECTOR CARBON EMISSIONS BY CASE
MtCO,/year

CHANGE IN NET INTERCONNECTOR EXPORTS AND OFFSHORE
WIND GENERATION, NATIONAL BAU POST-REDISPATCH
TWh
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30 FES 24 HT Test scenario partially relocated ICs + reduced offshore wind’

25 11 FES 24 HT Test + partially relocated ICs 5

20 FES 24 HT Test + partially relocated ICs + reduced offshore wind 0 0 00O
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. _ Il Change in offshore wind generation
A more central view of offshore wind

capacity significantly reduces market
curtailment and to a limited extend net
exports from GB. The residual change in
offshore wind generation has very limited
impact on domestic emissions.
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ANNEX B.2 — VARIANT SCENARIOS — ADDITIONAL RESULTS — REDISPATCH VOLUMES

In the FES 24 HT Adjusted scenario, redispatch volumes decrease overtime

REDISPATCH VOLUME BY TECHNOLOGY
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REDISPATCH VOLUME BY TECHNOLOGY

TWh/year
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ANNEX B.2 — VARIANT SCENARIOS — ADDITIONAL RESULTS — CONSTRAINT COSTS

In the FES HT 24 Test scenario, transmission constraint costs remain high to
2050; better optimised scenarios show lower levels in the long-term

TRANSMISSION NETWORK CONSTRAINT COSTS, NATIONAL BAU?®.2
£billion/year, real 2024
4

High constraint costs

3 in 2022 were largely
due to high gas prices
following the Ukraine
invasion

2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

Historical More central view of offshore wind rollout = FES 24 HT Adjusted scenario (HVDC & AC) = = = AFRY (Feb 25)
FES 24 HT Test scenario ®ccc**°** Relocate offshore wind | CP2030 'New Dispatch’
Partially relocate ICs = == == Adjust network (HVDC only) CP2030 'Further Flex & RES’

1. Historical data based on MBSS, including all constraints costs minus ROCOF and intertrip contracts costs. The historical constraints costs include local constraints costs, e.g. voltage, not captured in
AFRY modelling. 2. Both CP2030 scenarios assume acceleration of 3 critical network reinforcement projects from 2031 to 2030, relative to the Beyond 2030 network plan.
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ANNEX B.2 — VARIANT SCENARIOS — ADDITIONAL RESULTS — CHANGE IN TOTAL SYSTEM COSTS

The FES 24 HT Adjusted scenario has higher GB welfare than the FES 24 HT Test
scenario thanks to lower fixed costs, and lower interconnector redispatch costs

56

The change in GB welfare in the
final FES 24 HT Adjusted
scenario compared with FES 24
HT Test scenario starting point
can be compared for a given
market design to illustrate the
impact of various assumptions.

The change in welfare can be
interpreted as a negative
change in total system costs for
GB. In other words, a higher net
GB welfare is due to lower costs
for GB (either variable costs,
fixed costs or costs/revenues of
interconnector
imports/exports).

The right-hand chart presents
the drivers for the higher GB
welfare FES 24 HT Adjusted
scenario compared to the FES
24 HT Test Case, assuming a
national BAU market in both
cases.

MAY 2025 COPYRIGHT AFRY MANAGEMENT CONSULTING UK

CHANGES IN TOTAL GB WELFARE IN THE FES 24 HT ADJUSTED SCENARIO COMPARED WITH THE
FES 24 HT TEST SCENARIO
Net Present Value 2030-50 at 3.5% discount rate (£billion, real 2024)

25

20

15

Lower fixed costs

In the FES 24 HT
Adjusted scenario,
lower offshore wind
capacity leads to
lower fixed costs
(-£20.6bn),
offsetting the
higher fixed grid
costs (+£2.8bn).

Higher
variable costs

In the FES 24 HT
Adjusted scenario,
lower offshore wind
capacity leads to
slightly higher
variable costs, as
more non-zero
marginal cost
generation is needed
more often.

Lower IC export

revenues (at DA)

In the FES 24 HT
Adjusted scenario,
lower offshore wind
capacity leads to
slightly higher
wholesale prices,
and in turn to lower
revenues from IC
exports (based on
day-ahead
schedules).

Lower IC

redispatch costs

In the FES 24 HT
Adjusted scenario,
the more realistic
pattern of
interconnector
locations and
generally lower
constraints leads to
lower IC redispatch
costs.

FES 24 HT
ADJUSTED
SCENARIO

NATIONAL
BAU
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ANNEX C — COMMENTARY ON FTI'S CONSUMER WELFARE ASSESSMENT

FTI's quoted consumer benefit of £54.9 billion is an overestimate based on
flawed analysis

INTRODUCTION

FTI's latest report on the benefits of zonal pricing (based on the
approach which we have examined in this report of combining the FES
24 Holistic Transition Pathway and Beyond 2030 network plan! off the
shelf) states a total welfare benefit to GB of £25.2 billion, a consumer
welfare benefit of £54.9 billion and a producer welfare disbenefit of -
£29.7 billion after CfD payments (all real 2024 NPV values over 2030-
2050 with a 3.5% discount rate)?2.

The £54.9 billion of consumer benefit claimed by FTI in their report is an
overestimate lacking credibility due to:

— A flawed approach to the modelling of CfD payments for new entrants

— Lack of consideration of how changes to locational grid charges in a
zonal market would impact consumer welfare

— Dependence on sustained high levels of congestion rent and
assumption that all of it would be allocated to consumers despite the
large wealth transfer from producers this causes

=

. As amended by accelerating 3 projects from 2031 to 2030 per the Clean Power 2030 Plan. 2. Impact of a Potential Zonal Market Design in Great Britain, p.6
(FTI Consulting, February 2025) https://tinyurl.com/yh26ajm9
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ANNEX C — COMMENTARY ON FTI'S CONSUMER WELFARE ASSESSMENT

FTI's analysis fails to fully account for increased levels of CfD support that
would be required by new entrant CfD plants in a zonal market

i. A flawed approach to the modelling of CfD payments for new

entrants However, a scenario is credible only if the capacity mix it is based on

would actually be built in reality - new entrant generators must meet
their hurdle rate. At minimum for a comparison between two cases,
plant profitability should as least be similar in the two cases for the
comparison to be valid, which will not be the case in FTI’s scenario.

For new entrant CfD-supported plants, the FTI approach is to assume
CfD strike prices based on the outcome of the AR6 auctions in both the
national BAU and zonal cases. There are several problems with this

approach?: A . . . . .
PP The difficulty involved in a credible assessment of the interactions

between locational pricing, CfD strike prices, grid charges and consumer
welfare while also holding generation and network build fixed is the
reason we have not quoted consumer or producer welfare in our own
dispatch-only zonal welfare analysisZ2.

- Particularly in a scenario with sustained high levels of network
congestion, in the zonal case, generators in low priced zones (which
includes the large share of the new build wind capacity in Scotland)
would suffer reduced revenues in the merchant tail. They would
potentially also face greater volume risk during the CfD period which
would not be compensated (although this is dependent on the
volumes of curtailment, and merit order of curtailment). In practice,
both effects would force an increase in strike prices from these
generators in a zonal market.

- The higher CfD payments that would then be required in the zonal
case would reduce the consumer benefit significantly given the high
volume of wind in Scotland. This would be partially compensated by
lower CfD prices in England and Wales, but not more than partially.

The FTI modelling does not account for this. Consequently, it is likely
new entrant CfD-supported plants will be less profitable in the zonal
case than in the National BAU (though there is some dependence on
TNUOS assumptions, see next slide), likely accounting for some of large
wealth transfer from producers to consumers that is claimed.

1. Similar arguments apply to capacity payments for thermal generators in low priced zones, although as FTI have not included capacity payments within their consumer benefit breakdown this doesn’t appear to
bias the consumer welfare in the same way. 2. Enhanced National electricity market design for Great Britain (AFRY, February 2025).
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ANNEX C — COMMENTARY ON FTI'S CONSUMER WELFARE ASSESSMENT

FTI has failed to consider the impact of changes to locational grid charges on
consumer welfare, or the effects of wealth transfers on existing plants

ii. Lack of consideration of how changes to locational grid charges in a zonal
market would impact consumer welfare (cont’d)

Under the current national market arrangements, generators pay grid
charges with a locational component (the wider TNUOS tariff).

The producer and consumer breakdown shown by FTI does not show any
change in the amount consumers and producers pay for grid charges,
which suggests generators are continuing to pay the same total amount
in a zonal market. If based on continuing to pay locational grid charges,
this would amount to a duplication of locational signals, resulting in a
double penalty for northern generators exposed to both low zonal prices
and high TNUoS charges (and a double windfall for southern
generators).

Alternatively, FTI may have assumed that generators collectively
continue to pay the same amount of TNUoS charges, but it is made non-
locational. However, it is far from clear that northern generators would
have the same level of profitability under this arrangement compared
with the national market, resulting in similar if somewhat reduced
difficulties.

We consider that retaining the current system of locational grid charges
within a zonal market would be double counting and inappropriate, and
the simplest and best way of addressing this would be remove locational
grid charges from generators and transfer this cost (several billion
pounds on an NPV basis over 2030 to 2050). This would have the effect
of further reducing the consumer welfare benefit of a zonal market in
FTI’s analysis.
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iii. Dependence on sustained high levels of congestion rent and assumption
that all of it would be allocated consumers despite the large wealth
transfer from producers this causes

The high consumer benefit of £54.9 billion is dependent on the very
large intra-GB congestion rent of £64.5 billion being entirely allocated to
consumers. As discussed in the rest of this report, this intra-GB
congestion rent figure will be lower in scenarios with a more realistic
level of network congestion.

Allocating all intra-GB congestion rent to consumers also results in a
wealth transfer from producers of £29.7 billion. A wealth transfer from
producers on this scale would have an impact on the investment
environment, most obviously if it is mainly a wealth transfer from new
entrants (and there is no allocation of congestion rent to producers to
account for the shortfall in revenues for new-entrant CfD supported
plants).

However, even if the wealth transfer comes mainly or entirely from
existing generators, the requirement for a credible comparison also
applies to existing plants — at minimum plant profitability (coverage of
annual fixed costs) should as least be similar in the national and zonal
cases. This appears unlikely to be true in FTI’s analysis.

If the scale of the wealth transfer from existing generators was also
perceived as a shock that could not have been reasonably foreseen at
the of investing, that would also undermine confidence in GB as a stable
investment environment and increase cost of capital for new entry.
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