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Preface

The Office of Gas and Electricity Markets (Ofgem) commissioned University College
London (UCL) in May 2019 to conduct research regarding crossborder electricity trading
between Great Britain and connected European Union markets, as part of the project
s UUI UU @lechidityutéalling in Great Britainz (ASTA). The project, led by UCL and
invol ving the University of Cambridge , is intended to inform . | T 1 Gtaté ofi the Energy
Marketreport. The views expressed in this report are those of the lead auhor alone.

Electricity i nterconnectors connect electricity systems and create value to society by enabling
cross-border electricity trading. They create value to domestic consumers by enabling
electricity imports from markets with lower prices as an alternative to higher -priced
indigenous generation. In the future, interconnectors could become increasingly valuable as
generation becomes more variable due togreater use of renewables. In response, countries
are investing extensively in interconnectors. The value of international electricity trading
depends on fuel prices and carbon policy in the connected markets, as these determine what
electricity is traded (hence how total CO:z emissions changg, and how efficiently it is traded
across borders(which affects the cost of electricity).

The report begins by explaining how electricity is traded over various timescales. It
investigates the commercial and social value of trading over GB interconnectors. It assesses
the impact of unilateral carbon pricing on trading and the magnitude of the resulting
distortion . The report considers Great Britain and its links to Europe during the period 20131
2018and derive s several implications for national and international electricity policy.

Chapter lintroduces the studies and presentstheir aims.

Chapter 2explains how international electricity trad ing takes place inthe EU and the benefits
of trading . It focuses ontrade between GB and the Continent over various timescales, with
and without market coupling.

Chapter 3 quantifies the efficiency of electricity trading between GB and the electricity
markets connected to GB between 2014 and 20181t examines the efficiency and value of
coupled and uncoupled trading over timescales ranging from year-ahead to intra-day. It
considers the negative externalities of electricity trading ;! asks whether coupling GB
interconnectors to the Continent and the island of Ireland has eliminated inefficient trading ;

1 Social welfare considers costs and benefits to society, so includes all external costs of C&emissions and other
pollutants. Private welfare refers to increased welfare for interconnector owners alone, so is associated to
commercial value.
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and estimates the commercial value created by GB interconnectors. It investigates whether
trading ahead on power exchanges and over interconnectors has convergedafter market
coupling and discussesto what extent uncoupling would reduce trade efficiency.

Chapter4 investigates the impact of a unilateral carbon tax on interconnector flows, revenue,
and social welfare between 2015 and 2018and its possible impact on future interconnector
investment decisions. In 2013, GB implemented a unilateral carbon tax| the Carbon Price
Support (CPS) not replicated by our European neighbours. The policy has been
instrumental in reducing carbon emissions in the electricity sector, leading to an
unprecedented reduction in coal generation. However, a higher carbon price lead to higher
GB wholesale prices and greater crossborder price differentials, affecting cross-border
trade. This study considers how th e CPShas affected GB electricity prices and imports ; how
it affected GB carbon tax revenue and interconnector congestion revenue; and estimates the
resulting deadweight social welfare loss from trade distortions . It estimates its price impact
on GB, France and the Netherlands The chapter also considers the relation between prices
on the forward, intra-day, balancing and ancillary markets and prices on the day-ahead
market.

Chapter 5considers how to best measure theefficiency of electricity trade and the results
between GB and its European neighbours between 2013 and 2018lIt classifies currently used
metrics; devises new metrics that improve over existing ones; and qualitatively and

guantitatively assesses these metrics, demonstrating their performance under several
trading and market conditions . It then derives the economic value (social and commercial)
of market coupling /uncoupling ; quantifies how coupling has affected electricity net exports
to and price differentials between GB and interconnected markets; and determines how
price differentials between GB and these markets were affected in the short and long-run
after day-ahead coupling went live .

Chapter 6summarises UT 1 w U Imei® tthdigsJand draws policy implications. The results
in this report have implications for cross-border electricity trading and interconnector use;
the way in which electricity trading efficiency is measured; and the impact of carbon pricing
policy on electricity trading between countries.



Executive Summary

The value of interconnectors generation cost but is reduced by
EEOU Owzt Y wlediédtiody a UwE a
(20132018) caused by carbon taxes in GB that are

not charged by our neighbours.
1. Mark et coupling has created

efficient trading  at the day-ahead 6. The Single Electricity Market of the
stage. island of Ireland was coupled on 1st
_ _ _ October 2018 and since therthe

2. The private (or commercial) benefits interconnector has been efficiently
of existing interconnectors are large used in the day-ahead market.
relative to their costs . These benefits
have beenamplified by increasingly 7. Before coupling, electricity trading
liquid markets over timescales from between GB and Ireland was
more than a year ahead to intra-day. inefficient, with flows in the wrong

direction almost half the time .
3. The arbitrage revenue for trading

capacity on the day-ahead markets 8. The Physical Transmission Rights

with Fr.ance and the Netherlands (PTRs) auctions in 2015 traded at a
(combined) averages aboutz Y Y w substantial premium of 35% to the

million/GW/yr ,orz+ Y Y wODOOD OO ¥ Lk of secuing an equivalent

ST wEOGOOI UE b mlafesthteroddriectotsi
thosewith France and the Netherlandlds substantial,
with a combined value aboutzk Y Y OD OO D

4. Thetotal EOOOI UEPEOWYEOUIT wChhseldat gupply in the day-ahead

largest interconnectors ¢ those with market, but this premium almost
Franceand the Netherlands (IFA and disappeared in the following years,
BritNed) ¢ is substantial, with a consistent with growing familiarity
combined value estimated at z505 with, and liquidity of, the PTR
million/yr , including the value of the auctions.

capacity contribution to security of

supply. 9. Hedging using Contracts for

Difference ( CfDs) on local power

DOEUI EUI E @knillioiyE OU U wz hedge asPTRs. However, local CfDs
from the avoided infra -marginal appear more sensitive to news, such
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asscheduled power outages that are 14. Because the GB carbon tax is not
alleviated in the day-ahead market replicated abroad it UUE QUIT | B wUOOIT w:
auctions as wider areas are coupled. million/yr to France and the
Netherlands as well as adding
10. If the GB market uncoupl ed, distortionary costs when trade flows
establishing at least day-ahead and change.

intra -day platform s for electricity

Theunilateral British carbon tax, th&€arbonPrice Support,
EUEOEUPEEOOawUIl EUEIT EwU
carbon emissions but distorted trade

11. trading over the interconnectors 15. As a consequence of using cleaner but
could reduce trading inefficiency, but more expensive energy, over 2013
would be unlikely to capture all of the 2018,the CPS has raised the GB day -
benefits of a pan-European ahead price by an average of about
simultaneous auction. z10MWh in the absence of

compensating adjustments through
increased imports.
12. CfDs on neighbouring PXs

supplemented by PTRs might recover 16. The actual price differential with ou r
most of the potential losses from neighbours (France and the
market uncoupling . Netherlands) increased by about

z8/MWh allowing for domestic
) generation to be replaced by cheaper
Impact of GB z Oarbon Price imports .

Support (CPS) on wholesale

- . 0 I i
electricity trading 17. Nearly 20% of the increase in the GB

day-ahead electricity price from the

(2015 2018) CPSwas passed through to higher
French electricity pricesand 30% to
13. The purpose of the CPSimplemented higher Dutch prices.
from 2013is to reduce carbon
emissions from electricity generation 18. The CPS increasedGB imports from
and give more predictable investment IFA and BritNed (combined) by 13
signals. The CPS has been auccessful TWhlyr, thereby reducing carbon tax
in dramatically reducing coal revenue by z103 million/yr.
generation . Following an increase of
the CPSto £18/tonne CQzin 2015 the 19. The deadweight loss due to carbon
share of GB coal-fired generation fell cost distortion was z20.3million/yr for
from 41% to 7% in 2018. (% WEOEWzNEKwWOPOODPOOYaUuw

iv
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20.

21.

22.

23.

24,

z30million/yr in total , or slightly more International electricity trading
than the inframarginal surplus . efficiency and value of

The CPSincreased IFA congestion market couplin g

POEOOI wEawz Whwdbéd D ORIV AEB)E w! UDU-
EOOTT UUPOOWDPOEODOO] wEaAawzk]l wOPOODPOOYaUOuw
DOwWUOUEOwz HaAlfof@3 00D O OQ%.aAHer the introduction of day -ahead
accrues toFrance and the Netherlands. .

market coupling, there was a
decrease in trading inefficiency
between GB and France from 5% in

2013 to <1% in 2018and between GB

The increased congestion income from
the CPS, which mostly comes from GB
electricity consumers, might over-

incentivise investment in additional and the Netherlands from 11% in

interconnectors, to import from fossil - 2013to <4% in 2018.

based systems lacking a comparable

carbon tax. 26. During 201542018, an wncoupled GB
market (without making use of other

The social benefit from reduced carbon market contracts), might have led to

emission may be partly offset by

Market uncoupling ould lead to
more inefficient trading

increased imports of more carbon - an increase in inefficient trading
intensive electricity . However, the ETS between GB and France from <1% to
Market Stability Reserve should reduce >10%and with the Netherlands from
aggregate EU emissions by a large 4% to about 8%.

fraction of the GB reduction.

27. During the same period, an
The case for an EU-wide carbon price uncoupled GB market might have
support that would reduce emissions led to the electricity price differential
Is further strengthened by the with France (Netherlands) rising by
dfesira.bility of correcting tra de 3% (2%), net imports into GB
distortions. decreasing by 26% (13%), congestion
income decreasing by 10% (5%), and
infra -marginal surplus decreasing by
1.6% (1.6%) of coupled congestion
income.

We cannot reject the hypothesis that
100% of the CPS was passed through in
higher prices, consistent with (but not
proof of) a competitive GB wholesale
market.
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28.

29.

30.

The impact of market uncoupling
increases with the capacity of the
interconnector and decreases with the
average price differential .

If the EU were to implement an
equivalent carbon tax U O w& larpod w"
Price Support, electricity prices

between GB and both France and

the Netherlands could converge (with

the GB price being close to the French
price, while the GB-NL price

differential would likely remain
substantial).

With prices closer together, the
impact of market uncoupling could
change the volume of trade flows .
However, the cost of thetrade
inefficiencies caused by uncoupling
would be reduced as the price
differences and hence congestion
revenues would also decrease
Inefficient trading decisions are less
likely when price differences are
larger.

Vi
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1 Introductio n

Interconnectors create value to electricity systems by enabling electricity imports from
markets with lower prices as an alternative to higher -priced indigenous electricity
generation. In the future, interconnectors could become increasingly valuable as generation
becomes more variable due to higher penetrations of renewables. In response, countries are
investing extensively in interconnectors. Imports might be expected primarily during
periods of high residual demand, while exporting surplus renewable electricity avoids
curtailment. Investing in new European interconnection capacity could therefore become a
key strategy to integrate renewables and nuclear power stations in the electricity systems of
GB and Ireland.

Interconnection can reduce electricity price peaks and troughs caused by demand and
weather-dependent supply, as these tend to occur at different times of the day across
Europe. GB currently has 5 GW of electricity interconnection capacity, of which 2 GW links

to France and 1 GW to the Netherlands, 1 GW with the Irish Single Electricity Mar ket (I-
SEM) and, since very recently,1 GW to Belgium. Ofgem have approved up to 15.9 GW (so a
10.9 GW increase on current levels), of which 10.4 GW to the Continent and 0.5 GW to
Ireland. Of this 15.9 GW, 4.8 GW is currently under construction ¢ IFA2, NSL and Viking

Link all with C&F (3.8 GW) and ElecLink with an exemption (1GW) ¢ and up to 20 GW of
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additional interconnection capacity has been proposed, with most of this shown to be
potentially valuable to GB electricity consumers and society as a whole.2

Social welfare gains between markets depend on the price differential between the two

connected markets as well as theefficiency of electricity trading (Ochoa and van Ackere,

2015). Debates about the Third Energy Packagepointed to the inefficiency of trading via

interconnectors to argue for reform, specifically to change from Available Transfer Capacity
(ATC) calculations to a flow-based market coupling model. Since 2014, market coupling
regulations have therefore been introduced. Market coupling is an agreement between
transmission system operators and market operators to use a common algorithm for settling

electricity market transactions through interconnectors. Market coupling regulations were

implemented by EU markets, including Great Britain, to improve the efficiency of cross-
border electricity trading within the EU and to allow Continental electricity sy stemsto be
synchronised so that flows across borders follow the laws of physics rather than the dictates
of national regulators.

s( OUI UEOOOI EUOUUWEUIT EUT wYE!
electricity imports from markets with lower prices as an
alternative to highepriced indigenous electricity genea® O

Trading electricity over interconnectors has evolved to cover various timeframes, which are
distinct marketplaces for electricity. These include the day-ahead market, various forward
markets such as year and month-ahead, and various intra-day markets, which all occur up
to close before reattime, as well as imbalance and ancillary markets.

This report considers various aspectsof interconnector trading. We assessthe value of GB
interconnectors to the European Union over markets at different timescales, examine the
impact of asymmetric carbon pricing between GB and EU countries and consider how it
affects international electricity trading, and define new and improved ways to measure how
inefficiently (or efficiently) countries trade electricity across borders.

We begin by breaking down the process of trading electricity, describing key associated
concepts such asmarket coupling .

We then assess the value of British interconnectorsto their owners and that to society. We
do so in order to understand how valuable interconnector investments are and whether
there is a mismatch between private and social value that requires attention to generate
more efficient investments that reduce costs to consumers Another major aim of this

2 Ofgem (2014)Near-term IC cost-benefit analysis; Redpoint (2013) Impacts of further electricity interconnection
on Great Britain; National Grid (2014) Benefits of interconnectors to GB transmission system.
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analysis is to establish whether the introduction of market coupling has led to more efficient
trading between GB and its neighbouring countries. This is important because more efficient
trading of electricity with adjacent countries leads to cheaper electricity for British
consumers.

As with other measures to decarbonise GB electricity, sud1 as renewables support, & ! z U w
Carbon Price Floor (CPF), a policy framework implemented in 2013 that tops up the EU
carbon price by a level known as the Carbon Price Support (CPS) has increased wholesale
costs The CPS has been a highly successful policyhat led to an unprecedented reduction in
carbon-intensive electricity generation, as has the substantial increase in the share of
renewable generation. As carbon-intensive units are typically at the margin, the CPS will

tend to increase the wholesale electicity price. Interconnector owners trade and profit based

on the differences between electricity prices in the two connected markets, so we consider

how the CPS has affected trading through GB-linked interconnectors and the EOUOUUDPI Uz w
electricity prices, as well as revenues for interconnectors owners. While the CPS has been
important by driving coal almost completely out of the GB electricity system, it may also

have unintended consequences on international trade, which we identify and quantify.

Market couplingimprovesallocative efficiency since the two
commodities involved (electricity and interconnector capaci
are required to be bought and simidcombination
and simultaneously

Interconnector trading occurs over several marketplaces or timescales These include the
day-ahead market, various forward markets such asyear- and month-ahead, and various
intra-day markets, which all occur up to close before reaktime. These are followed by the
imbalance market, which occurs after gate closure All such markets allow participants to
adjust their physical positions as we move closer (or farther away) to real time, based on
more up to date information for trades to occur. Ancillary markets are also used so that
generators can provide various grid services and also hedge their positions in each other
market.

Trades in the forward, intra -day, balancing and ancillary markets affect prices and flows in
these markets. As wholesale day-ahead prices play a leading role in determining electricity

bills, we also consider the extent to trades in the day-ahead market affect the wholesale
electricity price.

To determine how effectively interconnectors allocate electricity across borders, it is
necessary to accurately measure the inefficiency of these allocations. Our work extends to
consider how this inefficiency is best measured. We found that current metrics for the
inefficiency of interconnector use are not robust to various market conditions. This includes
extreme prices, and flows going in the wrong economic direction (which transfer power
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from high to low electricity prices ). The latter tends to occur especially in uncoupled day-
ahead markets, whilst the former is a typical occurrence in day-ahead markets as a
consequence of electricity not being economically storable. Given the identified deficiencies,
we reviewed the current metrics and assessedhem against historical and simulated extreme
data. We then develop two new metrics that are designed to capture the underlying
efficiency of electricity trading and demonstrate their performance against existing metrics.
In addition , we quantify the economic value of market coupling, and show how coupling
has affected electricity trading and price differentials between GB and interconnected
markets.

1.1 Objectives and scope

We study crossborder electricity trading inefficiency using GB and interconnected

electricity markets as a case study consider the economic value of market coupling, as well

as the value of interconnectors to their owners and to society; assess the impact ofa

unilaterally -imposed carbon tax on electricity tradingOwpP D UT wl OxT EUPUwWwOOw&! z UL
Support and its implications for trades between GB and France and consider the

relationship between trades in electricity markets at various timeframes.

The first study examines the private and social value of interconnectors linked to GB. It
examines the impact of trading over different timescales ranging from over a year ahead to
intra-day, the social benefits that are not reflected in the private benefits, and the extent to
which other financial markets might alleviate the potential social losses from market
uncoupling , which is expected post EU exit. We address the following research questions
and aims; this study will :

A quantify the success ofmarket coupling (or the efficiency of interconnector use) over
GB-linked electricity markets;

A examine the efficiency and value of uncoupled and coupled trading for four DC
interconnectors to GB, over different timescales, from over a year ahead tointra-day;

A consider the social benefits that are not reflected in the private benefits;

A ask whether coupling GB interconnectors to the Continent has eliminated inefficient
trading, and estimate the commercial value created by interconnectors to GB;

A considers whether coupling has reduced trade inefficiencies with the island of
Ireland, which coupled on 1 October 2018;

A investigate whether trading anead on power exchanges and over interconnectors has
converged;

A discuss whether uncoupling would reduce efficiency other trading hubs provide;

A also focus on discussing the dayahead market and the role of the longer-coupled
interconnectors (i.e. IFA and BritNed); and

A investigate the possible impact of the GB carbon tax on future interconnector
investment decisions.
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In our secondstudy, we investigate how the imposition of a unilateral carbon tax not shared
by interconnected markets affects electricity flows, congestion revenue, and future
investment decisions. In particular, this work:

A provides an assessnent of the impact of the GB Carbon Price Support (CPS on cross
border electricity trading prices and volumes between GB and the Continent;

A quantifies the impact of the CPSon congestion income;

A derivesthe impact of the CPSon social welfare; and

A assessesthe degree to which the CPS has been passed through to crossborder
markets trading with GB.

In our third and final study, we review the literature on measures of the electricity trading
inefficiency, finding various drawbacks in existing metrics. We devise new metrics of
interconnector utilisation inefficiency to address the identified drawbacks and demonstrate
the added value of incorporating as much of the available interconnector utilisation
information which current metrics do not. We show the new metrics to outperform existing
metri cs using historical data and to be more robust when stresstested against extreme prices
and flows going in the wrong economic direction. The study also provides an assessment of
the economic value (social and commercial) of market coupling. More specifically, it :

A classifies the current measures of market integration, focussing on measures of
interconnector utilisation inefficiency ;

A reviewsthe literature covering these measures

A devises new measures that improve on existing ones;

A quantitatively assesses the new measures against existing ones using real and
extreme simulated data;

A derives the level of trading inefficiency between GB and i nterconnected countries;

A derives the economic value of market coupling;

A considers how trades in the day-ahead market are related to trades in other
electricity markets (forward, intra-day, balancing and ancillary markets);

A quantifies how market coupling has changed electricity net exports to and price
differentials between GB and interconnected markets; and

A shows how price differentials between GB and these markets may change after
market coupling , how fast price differentials adjust ed, and to which extent.

1.2 Report structur e

Chapter 2 discusses concepts and processes behindnternational electricity trading via
interconnectors in modern economies. Chapter 3 is an analysis of the commercial and social
value of interconnectors in markets at various timescales. Chapter 4 considers the impact of
carbon pricing asymmetries between two interconnected markets and how th is affects trade.
Chapter 5 reviews the existing metrics to measure the efficiency of electricity trading and
identifies their limitations, propos ing new metrics that improve over these. It also derives
the economic value of market coupling and its impact on trade. Finally, Chapter 6
summarises the report and provides our concluding remarks.
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2 Trading electricity via interconnector s

This chapterprovides useful backgroundformation to the topicsexamined in this reportWe
considerhow trading occurs vidnterconnectorsexplain the concept of arket couplingand its
schedulingoccurs, both in coupled and uncoupled mark#tstiating trading timelines under each

of these markearrangements We also describe the relationships between electricity markets at
various timescales, providing evidence from the literateigally, we discuss howlecouplingtwo
interconnectoelectricitymarketswould affect thérading parties involved.

2.1 Market coupling and interconnectors

The owner of the interconnector, or the two transmission companies at either side of the
border (for AC land interconnectors) are paid the loss-adjusted price differential between
the two markets multiplied by the transmitted volume . Most interconnectors sell their
capacity via auctions that cover future periods, with the remaining capacity auctioned in the
day-ahead market. During the day -ahead timeframe, any capacity that is not nominated
from forward sales is made available for trading. For most internal EU or EEA
interconnectors, this allocation occurs through market coupling, that is, an implicit
allocation. Coupling began in the day-ahead market, continued in the intra-day market, and
is only used to a limited extent in the imbalance market (ACER, 2017).

The day-ahead market coupling algorithm, EUPHEMIA, was introduced in 2014 and uses
bids and offers of generation and demand in each market (and the interconnector capacity)
to schedule optimal flows.

Starting in June 2018, most EU interconnectors are part of a coupled intraday market. This

is similar to coupling in the day-ahead market in that interconnector capacity is allocated

implicitly and not sold separately, but differen t because bids and offers are considered
continuously rather than at a defined point of the auction. At present, GB interconnectors

still use explicit auctions of capacity at pre-defined times within the intra -day stage.
Supposing that all capacity has been utilised at the day-ahead stage, which is typically the

case for GB interconnectors, then the only capacity available for trading in the intra-day
market is to reverse the direction of flow. More capacity may be available intra -day if either

the prices have equalised in neighbouring zones day-ahead so not all capaity is needed
then, or if the available physical capacity varies.

2.2 Benefits of market coupling

Several studies have atimated the benefits of more efficient electricity market integration,
with most using simulation approaches. Neuhoff et al.(2013)considered the benefits of the
most efficient form of market integration via nodal pricing in Europe. They includ ed a large
volume (125 GW) of predicted future wind connection and found savings of 1.1t 3.6% of
variable operating costs. With fuel costs roughly half the overall wholesale market value, the
gains from full integration w ere estimated as0.6t 1.8% ofwholesale market value. Leuthold
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et al. (2005) studied the benefits of moving to nodal pricing , with an additional 8 GW in
offshore wind to Germany . They estimated that gains of 0.6t 1.3% cameby simply switching
to nodal pricing , with a further 1% from pricing the additional wind on a locational basis

Newbery et al. (2013) provides detail ed reviews on the quantitative benefits of market
integration. In another research paper, Newbery et al.(2016) estimated the potential benefit
to the EU of coupling i nterconnectors to increase the efficiency of trading day-ahead, intra-
day and sharing balancing services efficiently across borders. They bund that further gains
are possible by eliminating unscheduled flows and avoiding the curtailment of renewables,
with short-UUQuwT EPOUwxOUI OUPEOCOCawEUwWI PT T wEUwz+t 6+t wEODY
trade. The authors also find that one-third of these benefits comes from day-ahead coupling
and another third from shared balancing. More recent evidence was surveyed by Pollitt
(2018) but the author concludes that measurable benefits are likely to be small, in part
because there has been a large rise in subsidised renewable generation dven by
decarbonisation efforts.

23 . YT UYDPI bpwOl w&UI E0w! UPUEDPOz UwbOUI UEODOODI
&UI EQw! UDUEDPOzUwl Ol EVUPEPUaA Wl UPEWPUWEOGOOI EUI EwU
allowing markets to meet electricity demand more cheaply . The use of these interconnetors

has been considered in the existing literature from an economic perspective, however there

has been limited discussion of how individual market participants operate in these markets.

The remainder of this chapter provid es a description of how traders operate in
interconnected electricity markets. We begin by providing EWEUDIT | wOY1 UYDI bwOi w&l
current interconnectors. This is followed by an overview of physical power trading in

Europe, forming the context in which interconnectors exist. We then describe how
interconnector capacity is auctioned, focusing on & ! sgargest interconnectors (to France and

the Netherlands), and a description of how interconnector capacity is scheduled, both

commenting on the possible outcomes of a potential decoupling of the interconnected

markets, which is likely to occur as a result of the UK leaving the European Union.

Interconnector name Connecting country Capacity Project delivery date
IFA France 2,000 MW 1986
Moyle Ireland 500 MW 2002
BritNed Netherlands 1,000 MW 2011
EWIC Ireland 500 MW 2012
NEMO Belgium 1,000 MW 2019

Table 2.1. Interconnectors to GB, including interconnector name, connecting country , interconnector capacity,
and project delivery date. Source:Ofgem (2019)3

3 https://www.ofgem.gov.uk/electricity/transmission -networks/e lectricity -interconnectors
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Great Britain (the island comprised of England, Scotland and Wales) is currently connected
to other European markets by five interconnectors, as shown in Table 2.1.

This report mostly focuses on IFA and BritNed, PT DPET w EUIl w &! zUw OOUU w |
interconnectors because of their larger capacity and earlier involvement in the market
coupling . These interconnectors differ from many other interconnectors in Europe in that
transmission losses are applied to participants flowing electricity between markets. That is
not to say that transmission between, say, France and Germany, does not incur physical
transmission losses however, the market structure means that an owner of capacity from
France to Germany can schedule 1 MWh to leave France and receive 1 MWh in GermanylIn
contrast, the owner of capacity from Great Britain to France will receive less electricity in
France than they deliver in Great Britain. For example, IFA currently has a 1.14% loss factor.
As a result, capacity owners need a price differential exceeding the loss factor to justify
flowing between markets.

Before discussing interconnector capacity and scheduling, it is helpful to provide a brief
overview of certain aspects of physical electricity trading in many European electricity
markets.

2.4 Electricity mar kets

Interconnector trading covers various timeframes. Each of these constitutes a distinct
marketplace for buying and selling electricity and include the forward, day -ahead, and
intra-day markets, in which trading ceases at separate times prior to the gereration of
electricity.

Forward marketsoperate from years ahead, up until the day-ahead auction. These trade
between counterparties or on power exchanges Liquidity is concentrated on certain
products, typically the next year or two, the next quarter or two, or the next month or two,
in each case for baseload (all hours) and peak load Forward electricity trades can be
physical, resulting in a physical position which must be closed out or taken to the balancing
market. They can also be financial, being sé¢tled against the day-ahead prices Interconnector
capacity can be bought in forward auctions, and either physically nominated, or more
commonly released for financial settlement in the day -ahead auction process

Day-ahead auctionsonsolidate bids and offers in each region for each hour the following
day. They are coupled, meaning that they also take into account the available interconnector
capacity between each market, optimising flow from low to high price regions, and
minimising price differences. Thi s process is conducted bymeans of an algorithm named
FUPHEMIA z (Pan-European Hybrid Electricity Market Integration Algorithm). The
outcome of day-ahead auctions is to determine a set of hourly prices for each region, as well
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as a dayahead flow schedule. These auctions are operated by a number of exchanges at
midday Central European Time (CET)“.

Intra-day marketscommence after the day-ahead auctions are concluded, and typically run
until around an hour before delivery. Great Britain and Ireland allow the trading of half -
hours or larger blocks. France, Belgium and Netherlands allow the trading of individual
hours or larger blocks. All trades are physical, resulting in a physical position which must be
taken to the balancing market or used to eliminate the risk of an existing physical position.
While intra-day trading can occur bilaterally, exchanges offer liquidity and transparency.
Exchanges offer auctions in which bids and offers are collected and cleared at specific times,
as well as continuous trading in which bids and offers are accepted at any time. The
operators of the five interconnectors connecting GB also auction and take rominations for
capacity during the intra-day period as nomination deadlines differ by interconnector. Some
intra-day markets have recently introduced coupling, allowing intra-day interconnector
capacity to be optimised alongside intra-day bids and offers in connected regions.

Balancing marketE OOOPw 1 EET wUI 1 OOz Uwi O EVUUaHabdugpp Ua V0T O
balances demand in real time. If system demand exceeds supply, the system operator will
pay flexible participants to increase generation, prioritiz ing those asking the lowest price. If
system supply exceeds demand, the system operator will pay participants to reduce
generation, prioriti sing those bidding the highest price. In some cases system operators may
take advantage of flexible resources, such as demand side response or available
interconnector capacity, to reduce balancing costs. This balancing process determines an
imbalance price, which is applied to any market participants who have a non -zero net
physical position in the balancing market, t aking into account physical trades and physical
supply/demand . Imbalance prices are highly volatile, giving participants an incentive to
close out positions to minimi se exposure to them

2.5 Overview of physical electricity trading

In Great Britain, and in each of the markets connected to it, generators deliverelectricity to

the grid each hour, and electricity suppliers are responsible for electricity consumed from

the grid by their domestic and commercial customers. In addition, market participants,

which may include banks and hedge funds as well as generators and retailers, may contract
0OwsEVaAzwOUws Ul 60z wi 01 EQUPEPUAWUOWOUT 1 UwxEUUDEE
electricity to ensure that the grid ultimately balances. Any participants t hat are net long (i.e.

the quantity generated or bought less any consumed or sold is positive) will receive the

balancing price, while any participants that are net short (i.e. the quantity generated or

bought less any consumed or sold is negative) will pay the balancing price. These balancing

prices are highly volatile; in the UK in 2018 they ranged from £ -150 to £990/MWh. To avoid

4 The start and end of the European electricity day, and times for capacity and day-ahead auctions adjust for
daylight savings. Throughout this document a reference to CET implies CET in winter, and Central European
Summer Time (CEST) in summer, that is, 1 hour ahead of prevailing UK time.
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risking exposure to balancing prices, participants have an incentive to ensure they are

neither long nor short in physical power. This is particularly challenging for electricity

UUxxOPl UUwbhi OwOUUUOwxUI EPEUWEUUVUUOOI UwET OEOEOWEOE
actual demand until months later.

Participants can balance their positions and thereby reduce exposure to balancingprices in

three main ways: buying or selling in auctions, buying or selling in short -term markets, or

buying or selling in long -term bilateral or exchange markets.

Each market holds a day-ahead auction at midday CET, in which participants can submit
bids to buy electricity or offers to sell electricity. A clearing price is calculated and used for
clearing all bids above that price and offers below that price. EPEXSPOT and N2EX are two
exchanges that allow participants to buy or sell in the day-ahead auctions.

EPEXSPOT also holds smaller auctions for Great Britain at various points leading up to the
hour in question. These auctions provide transparency, but do not have great liquidity. As
an illustration of the limited liquidity, we show the trading volumes on EPEXSPOT for
delivery day 26 Feb 2019in Table 2.2.

Time (CET) Volume traded *
12:00 109.2 GWh*
16:30 11.7 GWh
18:30 1.3 GWh

09:00* 0.3 GWh

Table 2.2. Time and volume traded on a sample day. Source: EPEXSPOT. Key: * for delivery day 26 Feb 2019**
or 13% of total demand; ***Only covers half-hours in the second half of the day).

Many other European markets do not offer intra-day auctions. They do, however, provide
continuous intra-day trading on EPEXSPOT (as does Great Britain) These run alongside
bilateral trading of individual half hours, up until a point described as Gate Closure
(typically an hour before the period start time). Bilateral trading offers little transparency,
and it is difficult to judge liquidity. For example, particip ants will often trade a block of a
few hours, making it impossible to identify the relevant price for each hour within the block

By far the majority of electricity trading happens instead as part of long -term contracts
spanning more than a month, typical ly covering either baseload (all hours) or peak-load
(weekdays, 8am-8pm CET). Individual weeks and days can also be traded from about a
month ahead until the morning ahead . There is only very occasional trading of individual

hours or custom profiles more than a day or two ahead.

At this level, there is a distinction between physical and financial contracts . The majority of
contracts are physical, traded between generators, retailers and wholesale participants,
which ultimately lead to a physical position th at must be closed out or settled in the

5 This data can be seen in real time onhttps://www.apxgroup.com/market -results/apx-power-uk/dashboard/. The

(https://www.bmreports.com/bmrs/?g=demand/dayanddayaheaddemand ).
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imbalance markets. It is also possible to enter into financial contracts that settle based on a
published index, usually the day-ahead hourly auction prices. Futures exchanges, for
example EEX, allow active trading of long-term UK, French, Belgian and Dutch electricity,
which are financial, however offer the ability to automatically convert to physical positions

in the day-ahead market.

Individual weeks and days can also be traded bilaterally and on exchange from about a
month ahead until the morning ahead . There is only very occasional trading of individual
hours or custom profiles more than a day or two ahead.

2.6 Cross-border Electricity Trading

IFA and BritNed are both able to earn revenue directly by allowing power to flow from a

lower priced to a higher priced market . However, this strategy leaves them with significant

market uncertainty. As a consequence, both IFA and BritNed auction interconnector
capacity to electricity market participants in advance. Such particip ants are in a better
position to manage that uncertainty and may even find it to be an approximate hedge for

their existing exposure. For example, BritNed auctions around 90% of capacity before the
day-ahead?®

IFA hold long -term auctions:

A for each year, on four occasions, in April, May, Jun, and July of the preceding year;

A for each summer (April -Sept), on two occasions, in Oct and Nov of the preceding
year;

A for each winter (Oct-Mar), on two occasions, in April and May ;

A for each quarter, twice, slightly more than one and two months before; and

A for each month, three times, 2, 3 and 5 weeks before

BritNed hold long -term auctions:

A for each year, on six occasions, in April, May, Jun, Sept, Oct and November of the
preceding year;

A for each guarter, once,approximately 6 weeks before;

A for each month, 2, 4 and 6 weeks before and

A for each weekend, once, on the Wednesday before

In addition, IFA and BritNed auction additional intra-day capacity, which can be scheduled
up to a few hours ahead of flow . Participants of these auctions can bid for individual hours
as shown in Table 2.3:

6 https://www.britned.com/participants -portal/key -links -and-documents/auction-schedules/
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Hours (CET) ‘ Auction time
IFA 7
00:0014:00 19:30
14:00600:00 08:50
BritNed 8
00:0016:00 18:3019:00
16:0600:00 10:3011:00

Table 2.3. Auction times for IFA and BritNed.

IFA previously also offered day-ahead capacity, which was auctioned and scheduled the
morning before the day of flow, however this process was stopped when coupling was
introduced in 2014 (as discussed in the next section).

2.7 Interconnector scheduling

Historically, there have been two ways in which interconnector flow s have been scheduled.
The first is manual, or uncoupled, in which capacity holders choose which time periods to

schedule. The second is automatic, or coupled, in which volumes are automatically
scheduled and payoffs realised based on submitted bids/offers in each market. Great
allowed coupled scheduling as part of the day-ahead market. The following sections
describe these processes in more detia

2.7.1 Manual scheduling

The capacity owner can nominate to flow electricity from one market to another . There are
specific deadlines by which capacity must be nominated. For example, long-term capacity
must be scheduled two days ahead, andintra-day capacity can be scheduled several hours
ahead. Participants who schedule to flow from market A to market B will receive a long
position in market B and a short position in market A, which can be used to offset existing or
subsequent physical positions in those markets.

Given the limited transparency and liquidity of short -term physical markets, it is difficult to
EIl Ul UODPOT whkpl 1l OwUOWUET T EUOI wWEEXEEPUaAaOQwWwOUwWUOwEUL
decisions to schedule Let us consider two scenarios:
A A capacity owner with a long position in market A and a short position in market B,
can either: a) schedule to flow on the interconnector; or b) sell power in market A
and buy power in market B, either bilaterally, in the day-ahead or intra-day auction,
or in the balancing market. The latter may prove more costly, even if the capacity is
against the expected price difference, given the illiquidity of the markets.

7 https://www.ofgem.gov.uk/system/files/docs/2016/10/ifa_access_rules.pdf p57
8 https://www.britned.com/documents/13/BritNed_Trading_and_Nomination_Guide.pdf , p15
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A A capacity owner with no existing positions can either: a) allow the capacity to lapse ;
or b) schedule the apacity to flow from A to B, selling power in market B and
buying power in market A (either bilaterally, in the day-ahead or intra-day auction,
or in the balancing markets). The latter may again prove more costly, even if the
capacity is against the expeced price difference, given the illiquidity of the markets.

It is important to recognise that interconnector flow is scheduled after the day-ahead
auctions, and before the balancing process This means that even if we see differences in
day-ahead prices between two markets, or between balancing prices in two markets, we
cannot conclude that market participants were necessarily irrational not to schedule
capacity. Intra-day trading commences before the intra-day capacity is scheduled, and
continues after the deadline for scheduling, however , these have limited transparency, so it
is difficult to assess from these if profitable opportunities to flow are being missed.

There are steps that could be taken to improve the efficiency of interconnector scheduling.
Efforts to increase liquidity and transparency of short -term markets, for example through
increased use of shortterm electricity platforms, would allow capacity owners to more
easily observe and profit from observed price differentials .

2.7.2 Scheduling via coupling

Coupling currently operates as part of the day-ahead auction process. Day-ahead auctions
allow participants to provide bids and offers for each market . With coupling, the auction
mechanism additionally considers available capacity to flow electricity between markets.
This process is performed by an algorithm called EUPHEMIA (Pan -European Hybrid
Electricity Market Integration Algorithm) . The algorithm optimises purchases, sales and
flows, and simultaneously calculates the clearing price for each market, along with which
bids and offers are accepted, and what flow occurs between markets.

For example, if market B would otherwise settle at a higher price than market A, available
capacity may be used to flow additional power from market A to mark et B, raising the
clearing price in market A and reducing it in market B, thus decreasingthe price differential .
For interconnectors that include a transmission loss factor, scheduling flow will not
eliminate the differential, but will at best reduce it t o the price multiplied by the loss factor.
If the differential is reduced to the price multiplied by the loss factor, the capacity is
considered unconstrained, and the capacity owner will not receive any revenue. If, on the
other hand, despite flowing the full capacity, the differential remains greater than the price
multiplied by the loss factor, the interconnector is considered constrained. In this case, the
owners of capacity in the flow direction receive revenue from the interconnector operator;
this is calculated based on their share of the flow, multiplied by the price differential,
reduced for losses. This revenue will come from the interconnector operator receiving net
revenue from selling in market B and buying in market A.

Consider an example in which, without flow, the price in France would be z45/MWh and the
xUPDEI wpOwe&UI EV0w! UPUE D O wwdidibirtercomnettyf gapadily,and3 i 1 U1 wE
the mid-channel loss factor is 1.17%. Suppose that flowing the full 2000 MW from Great

30



The value oihternational electricity trading

Britain to FFIEOET whOEUI EUI UwUT 1 wx UNM&h and (@duces theEpdas InUDUE D O
%UEOET wUOuw.e K candrainadprhen, capacity owners would get 40*(1-0.017)
35%(1+0.017)Z + Al k¥, 61 & w

It should be noted that long -term capacity owners may choose to schedule their long-term
capacity manually, rather than enter it into the coupling process . For example, supposing a
participant has long and short physical positions in two interconnected markets and has

purchased interconnector capacity to hedge these By manually scheduling the capacity, it
can reduce or eliminate its risk . In contrast, if this capacity was settled through coupling, it

may still need to close out its positions manually . In order to schedule long-term capacity
manually, the owner must notify the interconnector operator ahead of the day-ahead
process, allowing it time to include the capacity in the coupling process. For IFA, the
deadline for nominating long -term capacity is 9:30 CET day-ahead. For BritNed, the
deadline is 16:30 CET the lusiness day before theday-ahead.

Even if the day-ahead auctions are coupled and the optimal flow is determined, it may still
prove appropriate to schedule additional volumes . The additional volumes can be in the
direction of the previously scheduled flow, or in the reverse direction. For example, if the
capacity of the interconnector is 2,000 MW in both directions, and 1,000 MW has been
scheduled from Great Britain to France, participants could decide to schedule up to 1,000
MW more from Great Britain to F rance or could schedule up to 3000 MW from France to
Great Britain. This scheduling can be done manually in intra-day markets, as described in
the previous subsection.

2.7.3 Coupled vs uncoupled markets

The European Commission stipulated that under market coupl ing rules, electricity must be
sold together with interconnection capacity (EU Commission, 2016) Market coupling uses
implicit auctions, where each player does not receive allocations of cross-border capacity,
rather simply bidding for energy on their power exchange. The exchange then uses the
available cross-border transmission capacity to minimis e the price difference between two or
more areas(Epex Spot, 2019)

The opposite situation occurs when markets are uncoupled, in which a company trading
power would need to reserve the interconnector capacity, then buy power in the first market
and sell it in the second. In uncoupled markets, explicit auctions occur whereby the two
commodities, transmission capacity and electrical energy, are traded separately. This implies
a lack of information about the prices of the other commodity. This lack of information can
result in an inefficient util isation of interconnectors and results in less social welfare and
price convergence and more frequent adverse flows, i.e. flows going in the wrong economic
direction (Nord Pool Spot, 2019)

In uncoupled market s, market rules do not allow for supply and demand in the first market
to affect the price prevailing in the second market. This may occur because of the markets
having different closure times; because one market is disallowed from receiving information
from the other market; or, by a requirement to submit definitive demand schedules and
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supply prices for auction. The lack of information prevents full allocative efficiency for each
market and the two markets as a whole. In market equilibrium, coupled markets should
fully equilibrate prices subject to transmission capacity constraints, which results in short-
run welfare being maximised (Geskeet al, 2018) The central purpose of market coupling is
in fact to maximise the economic welfare of all market players.

If a market publishes its results before bids are submitted in the other market, the trading
parties would at minimum know if they need to buy or sell power in the other market, or
whether they actually made a trade (Madlener and Kaufmann, 2002). The difference in
market closure times implies that information on the availability of supp ly and the level of
demand, so expected prices, would arrive after the submission of bids in a certain hour. In
this case and by that time, a given trading party would be committed to selling power into a
market that was not expected to enjoy a surplus, sowould be trading at a deadweight loss.

Yet even in the case where market deadlines are identical and bids are based on the same set
of information, individual traders will not have all of the required information to make a
perfectly efficient trade. Hence, by submitting one unconditional bid to buy and one
unconditional offer to sell, it is possible to avoid unmatched commitments, ensuring trade
occurs regardless of the prices on each market. While high and systematic price differences
would mean that the se trades are consistently successful, if the markets have similar prices,
it is likely for some traders to commit to unexpectedly unprofitable trades.

ACER (2017)found that cross-zonal capacity was used more efficiently in 2016 on borders
where capacity was allocated by using implicit allocation methods, with 61% efficiency. In
contrast, explicit or other allocation methods led to an efficiency of 40%.

In coupled markets, the two system operators are effectively the trading parties. Here,
markets close at the sametime, with all bids and offers drawn from the same set of
information. Through computer algorithms, power is transferred from the lower - to the
higher-priced market until the price differential falls to zero or the interconnector capacity is
fully used. Generators and loads all share the same local price, and the price differential
determines revenue for the interconnector owner. As information from all market players is
used to derive all prices, trade efficiency is maximised.

Price convergence may not be possible in case full capacity is attained. So, either prices
converge (in which case the trade volume is below full capacity) or they do not, which
means it is profitable to trade, so traders keep trading until all of the capacity is used. In
other words, the efficiency of market coupling can be described by the relationship between
price differentials and utilisation of the interconnector capacity, which is reflected in either
of the two situations, both of which are shown in Figure 2.1
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Figure 2.1 GB net imports vs price differences on the IFA interconnector between GB and France before and after
the 2014 implementation of EUPHEMIA. FAPD means flows against the price differential .

Figure 2.1 shows the combinations of net imports and loss-adjusted price differences relating
to trades over the IFA interconnector between GB and France before and after the 2014
implementation of day -ahead coupling through EUPHEMIA . In the coupled case, price
EDPIi i1 Ul OEl UWEUT wUaxPEEOOawOl UUwUT EQwz hux, 61T wbi il OL
when the capacity is fully used. The figure presents the raw data for interconnector capacity,
meaning that it does not account for the possibility of unavailable interconnector capacity,
such as whenin 2017 a major incidentaffected the IFA connector, with the anchor of avessel
cutting half of the transfer capacity. There are horizontal bands of observations at multiples
of 500 MW, which suggests these are efficient uses ofthe available capacity, and several
examples of other intermediate capacities, suggesting periodic partial de-rating of one or
more cables. It should be noted how there was virtually an absence ofFlows Against the
Price Difference (FAPD), with electricity flowing in the correct economicdirection.

The pre-2014 situation is quite different and clearly shows strong deviations from the perfect
trading described earlier. There are persistent price differentials even with no capacity
restrictions, which suggests that trading was not performed in a fully efficient manner.
There were numerous periods where electricity flowed in the wrong direction, from the high

to the low-priced market, which is when not trading at all wou Id have been the optimal
decision. Possible reasons for such inefficient use of the interconnector were investigated by
Ehrenmann and Smeers (2005)Bunn and Zachmann (2010) Ehrenmann and Smeers (2004)
and Geskeet al.(2018) and include: uncertainty from the separate energy and transmission
markets, system operators being required to schedule crossborder flows for congestion and
system balancing, and strategic trading by generators with market power. °

By combining the energy and transmission markets, market coupling would remove this
uncertainty, thereby causing price differentials to be minimised. This would avoid trades
flowing in the wrong direction. The past welfare losses of uncoupled markets and short-
term welfare gains from market coupling can be estimated in several ways and are
considered in Chapters 3 and &5

9 In this case, generators could trade against the price differential by selling into a lower -priced market to raise
demand and prices in the domestic market.
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2.7.4 lllustration of trading timeline

In this section we will illustrate the effect of coupling with an example of a single participant
trading 20MW between France and Great Britain for delivery day 3 June 2018 The first
scenario assumes coupling is in place (Table 2.4), while the second scenario occurs before
coupling was int roduced (Table 2.5).

Scenario 1: Trading between Great Britain and France with coupling

Date/time Action
25 Jan 2018 Buy forward 20 MW Franceelectricity for 3 June 2018°
15 March Sellforward 20 MW GB electricity for 3 June 2018
3 May Buy forward 20 MW France->GB interconnector capacity for 3 June 2018

Electricity and capacity released to the coupled day-ahead market.
For 20 hours price in GB>price in France,capacity automatically used
For 4 hours price in France>price in GB, capacity not used

Positions closed out optimally

2 June 12:00 CET

Table 2.4. Example of trading between GB and Francewith market coupling.

Scenario 2: Trading between Great Britain and France without coupling

Date/time Action
25 Jan 2018 Buy forward 20 MW Franceelectricity for 3 June 2018
15 March Sellforward 20 MW GB electricity for 3 June 2018
3 May Buy forward 20 MW France->GBinterconnector capacity for 3 June 2018

Chooseto schedule flow on 3 June based on viewthat UK prices are likely to be higher

2 June 09:30 CET
than France.

For 20 hours price in GB> price in France, capacity used profitably

2 12: ET
June 12:00 € For 4 hours price in France> price in GB, capacity used unprofitably

Table 2.5. Example of trading between GB and France without market coupling.

The key difference between this scenario and the previous is that here, the participant must
decide at 9:30am on the dayahead which hours of long-term capacity to schedule, before the
day-ahead prices are known. In this example, four of the hours are flow ed unprofitably .

2.8 The effect of decoupling the interconnector markets

The UK Government has advised that its Departure from the European Union ( DFTEU) may
lead to alternative trading arrangements between Great Britain and the EU. These
arrangements may not include the present coupled day-ahead markets.t

In the absence ofcoupling, long-term capacity holders would likely be required to manually
schedule their capacity one or two days ahead, before the day ahead prices were known.
This prevents these capacity holders from being able to ensure flow from low price to high

10 These first three forward trades of electricity and capacity would likely be part of transactions for the whole
month of June 2018.

11 https://www.gov.uk/government/publica tions/trading -electricity -if -theres-no-brexit -deal/trading -electricity -if -
theres-no-brexit-deal
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price regions. It is also, however, likely to increase the divergence between the day-ahead
prices in the two markets, thus increasing the potential revenue for capacity holders who are
able to successfully predict the direction of flow. It is also likely to increase the opportunities
to profit in the intra- day capacity markets, as participants are able to correct for flow that
has beenincorrectly scheduled from what transpires to be high price to low price regions.

The interconnector operators may also create additional opportunities for capacity to be
optimised. They could allow capacity owners to adjust the schedule for long-term capacity
that was previously scheduled, increasing the value of this capacity. In addition,
mechanisms resembling intraday coupling could be established, allowing intraday capacity
holders to simultaneously buy in one market, sell in another, and flow, in order to make the
most efficient use of available capacity close to delivery.

2.9 Relationships between market s

This section surveys the existing literature on the relationships between the different
electricity markets in which European wholesale electricity participants trade. These include
markets in distinct geographical regions. It also includes markets at different timescales:
from forward markets which trade years before delivery, day -ahead auction markets, intra -
day markets which run from the day -ahead auction until shortly prior to delivery, through
to markets for balancing and ancillary services. There are interactions between these
markets. Participants can buy (sell) in one market and resell (buy back) in a later market.
Interconnector capacity can be bought to flow between regions, reducing price differentials.
While there are differences in market design in different regions, and a differing mix of
generation capacity, there are also efforts underway to increase integration (ACER, 2018)

This literature review is organised as follows. Section 2.91 begins by exploring the
relationship between day -ahead auctions, which have a high degree of liquidity, granularity
and transparency, making them ideal for analysis. Moving closer to delivery, we then turn
to intra-day markets in Section 2.92 and then to markets for balancing and ancillary services
in Section 2.93. Section 2.94 considers how day-ahead, intra-day and balancing markets
interact. Finally, in Section 2.95 we consider forward markets, and in Section 2.96 the
relationship between forward and day -ahead markets.

2.9.1 Relationship between day -ahead markets

Day-ahead auctions occur simultaneously in most European electricity regions. These
auctions collect large numbers of bids and offers in order to determine an hourly clearing

price for each region. Therefore, these auction results provide a significant source of reliable
and comparable data for analysis. A number of authors have explored price data to discover

evidence of market integration between European electricity day -ahead markets. Kalantzis
and Milanas (2010) examined prices in European markets from 2006-2009 and reported
evidence of increasing convergence Castagneto-Gissey et al.(2014a)used a novel model of
market integration , dynamic Granger-causal networks, allowing changes to be identified.
For example, implementations of the Third Energy Package by the European Commission in
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2012 coincided with an observed increase in integration as shown by the model. Gugler et al.
(2018) also report an increase in market integration between 2010 and 2012 but note a
subsequent reduction from 2012 to 2015 They conclude that increased investment in
interconnector capacity and greater coupling is required . Keppler et al (2016) note that
periods of increased renewable generation in Germany coincided with greater price
divergence with France, however this was mitigated by the introduction of coupling
Annan-Phan and Roques (2018) similarly examine market integration between Germany and
France, considering the impact of various levels of wind generation and transmission
capacity.

Other literature has considered the way that cost elements, such as coal, gas and carbon, are
passed through into day-ahead prices, as this explains many of the similarities and
differences between prices in different markets. Castagneto et al (2018) consider regions
including Great Britain, France and Netherlands, and study variation between regions and
over time in which fuel source determines the marginal price. The impact of carbon prices
on day-ahead electricity prices is considered in Zhu (2017), who find a weakening
relationship.

2.9.2 Relationship between intra -day markets

Despite the existence of established dayahead auctions, market participants also need the
ability to trade physical power during the intra-day period. This need is not new, as there
has always been the potential for generation outages and for unexpected changes in
demand. However, ACER (2018) has noted the growth in this need due to the increase in
intermittent solar and wind generation .

Most of the literature relating to intra-day markets notes that it has considerably less
liquidity than day -ahead markets (ACER, 2018; Ggem, 2018 Neuhoff et al, 2015). Given the
need to increase liquidity, one question that has been considered is whether auctions or
continuous trading pr ovide more liquidity . Neuhoff et al. (2015) discuss the merits of
auctions (which were then being introduced into the German market), and subsequently
concluded that auctions had increased overall liquidity (Neuhoff et al, 2016), however they
did not fully displace continuous trading. Hagemann and Weber (2015) compare actual
intra-day trading volumes in different European countries with those predicted by an
analytical model, finding that minor differences in trading rules can make a meaningful
difference to trading volumes. ACER (2018) and SEMC (2019) also emphasize the efficiency
gains from coupling intra-day markets, which has now been implemented between Great
Britain and Ireland, and between several regions in Continental Europe (including France,
Netherlands and Belgium).

2.9.3 Relationship between markets for balancing services

Each regional electricity system operator is required to ensure the system remains in balane
and operates at a stable frequency. This is done by acombination of real-time electricity
markets, and ancillary services in which the system operator enters into forward contracts
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for ancillary services. These markets are organized differently in different markets, and
change over time, which make it challenging to compare balancing prices in different
markets. This may explain the limited academic literature on prices in these markets. ACER
(2018) reviews some of the differences in these markets andsuggests that there is
considerable scope to increase eftiency by improving integration and cooperation between
markets. Newbery et al.(2016)also highlight opportunities to improve efficiency in the use
of interconnectors through the coupling of balancing markets .

2.9.4 Relationship between day -ahead markets, int ra-day and balancing markets

Electricity market participants can take physical positions in day -ahead and intra-day

markets, closing them out in intra-day or balancing markets. This creates a degree of
connection between prices in these markets: dayahead and intra-day prices are likely to

reflect the expectedintra-day and balancing prices, and in turn participants are likely to get

an indication of expected intra-day and balancing prices from observing the day-ahead
auction and intra-day prices. Much of the difference between day-ahead, intra-day and

balancing prices can be explained by generator or transmission outages or unanticipated
changes in weather conditions.

While ACER (2018) and SEMC (2019) provide some discussion of how these markets
interact, there is very little academic literature analy sing how prices move between day-

ahead, intra-day and balancing markets, and how these movements differ between regions.

This is perhaps due to differences in how intra-day and balancing markets operate in

different regions, and lower transparency of intra-day markets compared with day -ahead

markets.

2.9.5 Relationship between forward markets

While day-ahead, intra-day and balancing markets provide a crucial role in European
electricity markets, in fact the majority of trading activity is conducted in forward markets,

in which participants trade contracts spanning months, quarters or years, typically months
or years ahead of delvery (ECA, 2015). Ausubel and Cramton (2010) describe the value in
forward markets in reducing risk as well as supporting investment in generation. ECA
(2015) and ACER (2018) compare different European forward markets and consider the
impact of market design on liquidity . ECA (2015) identify aspects such as the previously
different pool mechanism in Ireland, and obstacles to using interconnector capacity, that
limit integration.

2.9.6 Relationship between forward markets and day -ahead markets

Forward contracts can be closed out or settled in the dayahead markets, and so it is straight
forward for participants to take a position between these two markets . Some of the academic
literature therefore examines the extent to which forward prices match average day -ahead
prices. Huisman and Kilic (2012) conclude that forward prices contain risk premia in
markets based on storable fuel such as gas or coal, but less so with markets based on wind,
solar and hydropower. ECA (2015) and Ritz (2016) find, however, that risk pre mia have
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increased as wind and solar have increased as a share of generation. Kristiansen (2004), and
Marckhoff and Wimshulte (2009), both examine the Nordic market, in which forward
contracts are traded on locational price spreads, each finding significant risk premia.
Anderson et al. (2007) look at trading behaviour in the Australian electricity markets, also
finding significant risk premia as a result of generator market power .
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3 The value of GB interconnector s

Interconnectors have value for Britain, providing access to cheaper Continental power, security of
supply, and managing increased renewables, prompting proposals for substantial new
interconnectors. The EU Target Electricity Model requires interconnecswkeh coupling vieDay-

aheadhnd Intra-day Markets. We examine the efficiency and value of uncoupled and coupled trading

for the four DC interconnectors to GB, over different timescales from year ahietid-tay, and the

social costs and benefits nofieeted in the private benefifShe study focuses on the period between

2013 and 2018( % WEOEw! UPU- 1 Ewl EYI WEWEOOOI UEPEOWYEOUI
EEEPUDPOOEOWUUUxOUU WOl wz!l kwbOdraUd w3l I wiedulbigOE wdI w
ODUEEDOT wbOIi i1 PEPI OEadw! Il EEVUUI wiOT 1T w&! wEEMBOOWUE R L
the foreign share of IFA and BritNed as well as adding distortionary costs when trade flows change.

The policy implication is that while furthénvestment in interconnectors appears socially profitable,

it is important to harmonise carbon taxes across the EU. ld€tarts from the Eldnd is uncoupled,

some of these trading gains would be sacrificed, but other financial markets may alleseatest)e

making policies to enhance liquidity desirable.

3.1 Introduction

The growing literature on evaluating additional interconnectors sets out methodologies for
their evaluation. 12 Their value is the increase in consumer welfare plus the decrease intotal
electricity system costs compared to the counterfactual. The social value measures all costs
and benefits at efficiency prices, including all external costs of CO2 emissions and other
pollutants. Private value measures these at possibly distorted market prices. Any cost-
benefit analysis must make predictions about future generation and other interconnector
investments as well as their interaction. It needs to assess impacts on future emissions that
will be affected by fuel and carbon prices. Policies for managing cross-border flows like
market coupling, rules on access and access charging, renewables subsidies and the choice of
discount rate for these very durable investments can strongly affect the results. It is
unsurprising that plausible values for specific projects range from negative to strongly
positive.13 Rather than evaluating future projects, this paper looks at the value of existing
interconnectors to GB as they have been impacted by the EUThird Energy Packagand GB
carbon taxes. It quantifies the contributions of market coupling for an important example of
controllable DC links and makes the case for wider adoption of an EU carbon price floor.
31T w$4wWEUUEET I UWEEEPUDOOEOwWUDT OPi PEEOGET wUOwbHOU
priority en1 UT a w B O UE U U U PEbpedyUintercénfeaidd ¢lbettcityulines and gas
pipelines form the backbone of an integrated European energy market anchored on the
principle of solidarity. A fully interconnected market will improve Europe's security of
supply, reduce the dependence on single suppliers and give consumers more choice. It is
also essential for renewable energy sources to thrive and for the EU deliver on its Paris

12de Nooij (2011), ENTSOE (2016b), Meeus et al., (2013a, 2013b), Turvey (2006).
13 Aurora (2016), de Nooij (2011), National Grid Interconnectors (2014), Péyry 2012, 2016, 2017), Policy Exchange
(2016), Redpoint (2013).
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Agreement commitments on climate change.?* This paper measures both the private and
social value of electrical interconnectors to GB, including the value of increased security of
supply. The more nebulous concept of solidarity falls into the category of non -monetary
benefits.

Continental electricity systems are synchronised and meshed, so that flows across borders
follow the laws of physics, not the dictates of national regulators. In contrast, Britain is

connected to its neighbours by controllable DC links. Continental cross-border trade was
initially managed by each national or sub -national system operator through a conservative
assessment of Available Transfer Capacity (ATC) followed by redispatch if cross-border
flows deviated too far from planned transfers. Increasing Variable Renewable Electricity
(VRE, wind and solar PV) made this more difficult , often leading to a decrease h ATCs to
increase security margins. Increased VRE added pessure to harmonise neighbouring
Continental markets and to make better use of crossborder trade. The successful model of
the Nordic market led to th e Third Energy PackagéDirective 2009/72/EC) and with it the
Target Electricity Model (TEM) that came into effect in 2014.

The Directive requires markets to be coupled. Interconnector capacity is cleared
simultaneously with bids and offers from national markets through the European Day-
ahead Market (DA M) auction platform EUPHEMIA. If all desired flows across coupled
interconnectors are feasible,prices are equated on each sidelf the flows at a single price are
infeasible, prices are setto clear each zone and the interconnector capacity fully allocated so
that electricity flows from low to higher prices zones. Continental markets are mostly self -
dispatched energy-only markets, with which the DAM is immediately compatible. Although
by 2014 GB had a capacity auction to allocate capacity agreements that paid for availability
in stress hours, generators selfdispatch and the wholesale market clears through power
exchanges and bilateral trades. Accommodating to the European UO D O @AM was
unpro blematic and completed by 2014.

In contrast, Northern Ireland and the Republic of Ireland form the Single Electricity Market
(SEM), a centrally dispatched regulated pool. Changing that design to align with the TEM
required a derogation and a considerable delay to make the necessary changes. It took until
1 October 2018 for the SEM to be finally coupled to GB and to the EU DAM.

The early debates about the Third Energy Packagedemonstrated the inefficiency of
interconnector use to argue for reform, specifically to change from ATC calculations to a
flow -based market coupling model (e.g. KU Leuven, 2015) Newbery et al.(2016) estimated
the potential benefit to the EU of coupling interconnectors to increase the efficiency of
trading day -ahead, intra-day and sharing balancing services efficiently across borders. Their
report for DG ENER (Newbery et al, 2013) provided estimates for the EU as a whole, based
on evidence from ACER (2014) Adopting the ACER methodology but excluding the
apparently miscalculated SEM-GB values (discussed below), Newbery et al.(2016) estimated

Uhttps://ec.europa.eu/info/news/completing -energy-union -eu-invests-eu48-million -priority -energy-
infrastructure -2018jul-16_en
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the value of coupling at the day-ahead stage for a sample of interconnectors at
z hul Ot A Y of ABCaddpacity. Intra-day trading was estimated at a modest 4% of the
benefits of coupling day -ahead, and complete shared crossborder balancing (still awaited)
might be worth as much as 130% of day-ahead coupling. These estimates would be reduced
if impr oved EU-wide integration improved price convergence and reduced arbitrage gains.
Additional gains from reducing unscheduled flows and curtailment would not apply to GB
coupled interconnectors.

Others (e.g. Gugleret al, 2018; Keppleret al, 2016) have tudied the extent to which market
coupling increased price convergence. They conclude that the large increase in VRE offset
much of that price convergence but that further interconnection would improve price
convergence. More importantly, the resulting social benefits would be substantial. De Nooij
(2011) criticised the costbenefit analyses of NorNed and EasttWest interconnectors. He
argued that they lacked a suitable counterfactual in which generation investment responds
to the presence or absence of inteconnection and their impact on competition (particularly
important for market concentration on the island of Ireland). He noted the VRE benefits or
reduced curtailment that interconnectors could provide. Newbery (2018) compared
investment in interconnecto rs with storage and flexible back-up as ways of reducing the cost
of intermittency from VRE.

Substantial benefits from new GB interconnections to the Continent have been widely
demonstrated (Aurora, 2016; National Grid, 2014; Policy Exchange, 2016; Ptyry2012, 2016;
Redpoint, 2013). P6yry (2014) finds four projects with a net social Present Value between
ZYBNEOY &6 wE OE wz YRoWwyHZD16xoNndltésithdt 1941 GW of interconnection
capacity would provide a net benefit to GB, but additional investme nt facesfalling marginal
benefits, with negative net benefits in several market scenarios.

This paper usesthe more extensive data from the ENTSO-E Transparency Platform?s for the

period after market coupling . It measures the private and social benefits d the existing

controllable DC British interconnectors. This is motivated by the rush to propose and

commission new interconnectors, the concern that some of the private benefits may arise

EIl EEUUI wOil w! UPUEDOZz UwbOUUOE U Edieedity gebdraiidh thia EUE OO wU E
not matched by the rest of the EU, and, looming ever larger in public concern, the fear that

the benefits of market coupling may be lost (Geskeet al, 2018).

This paper argues that:

A the private benefits of interconnectors are indeed large (relative to their cost);

A these benefits have been amplified by the increasing liquidity in markets over
timescales from more than a year ahead to intraday trading ;

A there are additional inframarginal social benefits not captured by tradin g from
substituting cheaper imports for more expensive local generation ;

A that the distortions caused by asymmetric carbon taxes are indeed substantial.

15 At https://transparency.entsoe.eu/
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We make some final remarks concerning the potential costs of uncoupling existing
interconnectors (but not on the possible impact of market uncoupling on planned or
proposed future interconnector projects).

3.2 Interconnector Trading

The British electricity system is linked to France through IFA (2,000 MW capacity), to the
Netherlands through BritNed (1,000 MW) , to Belgium through NEMO (since 31 Jan 2019
1,000 MW), to Northern Ireland through Moyle (maximum 500 MW), 6and to the Republic
of Ireland through EWIC (the East-West Interconnector, 500 MW). Northern Ireland and the
Republic form the Single Electricity Ma rket (SEM) so GB has two links to the SEM.

Interconnector capacity is sold forward in auctions held at various moments for year -ahead,
seasontahead, quarter-ahead, month-ahead, day-ahead, intra-day (and balancing).’ The
forward contracts, although Physical Transmission Rights (PTR), are sold as useit-or-sell-it,
meaning that any capacity bought in forward markets not nominated in the day -ahead
market (DAM) is released into the DAM and the holders of the contracts receive the DAM
price difference. In practice, about 90% is sold forward, but all available capacity is cleared
in the DAM, which is run at noon (CET) to determine prices for each hour of the following
day.

Forward capacity contracts have the same advantage as Contractgor-Differences (CfDs) in
local markets. The contracting parties lock in a strike price, s, on which they can contract
with consumers for an agreed price. If in the specified hour, the spot price p in the relevant
market (e.g. the DAM) is above the strike price, the CfD buyer (retailer) pays the DAM price
p and receives from the CfD seller (generator) the difference (p-s), making the effective cost
just the strike price, s. The CfD seller, who has sold in the spot market atp, has to pay p-s, so
effectively receives the strike price, s. (The argument is symmetric if p < s) Both buyer and
seller are thus hedged at the strike price regardless of what happens in the spot market. The
critical advantage of these financial forward contracts is that dispatch is driven by DAM
prices, not the strike prices. If a supplier expects to generate and sell ats, close to its
marginal cost, m, and if s > m > pthe supplier would not generate. Instead a lower cost
generator produces, meeting demand at lower cost.

After the DAM auction there are a number of intra -day market (IDM) auctions f or GB and
the SEM, while on the Continental most intra -day trading is conducted continuously on
EPEX SPOT. Neuhoffet al, (2016) demonstrate that this is inferior to periodic auctions by
comparing the German experience with both formats. Finally, System O perators take control

18 From Nov 2017 to Nov 2019 exports from Northern Ireland were 80 MW firm but an additional 420 MW may

be released by GB if there is spare GB transmission capacity, while exports to Ireland were 450 MW in winter and
410 MW in summer. Seehttp://www.mutual -energy.com/electricity -business/moyle-interconnector/trading -
acrossthe-moyle-interconnector/.

17|FA data are available at https://damasifa.unicorn.eu/Long -term_Auction_Statistics.asp while BritNed data are
available at https://www.brithed.com/participants -portal/explicit -auctions/. Balancing actions are not yet fully
coupled through markets but are available to System Operators.
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close to dispatch and may schedule balancing flows across interconnectors, calling on bids
from Balancing Responsible Parties. The eventual aim of the Target Model is to clear
balancing bids across borders. Section 9 gives more detad and analysis of these various
markets.

The interconnector owners sell the PTRsi OUPEUEWEUwPT EQwHDUwWUOT |
cross-border price difference, augmented by the value of optionality, as PTR holders are not
required to honour unprofitable PTRs. The owners also receive the crosdorder price
difference for any unsold capacity, but the IDM is mainly a market between other

participants. The revenue from trading over different time periods is therefore not

necessarily the revenue received by theowner.

The revenue will depend on price differences, but the real value is larger, as the ability for
GB to import or export up to 5,000 MW makes a potentially appreciable difference to the
market clearing price in both GB and France and reduces the overdl cost of meeting
demand. This additional benefit is discussed below, together with possible distortions to
trade arising through differences in carbon pricing in coupled markets.

28-day lagged MA DAM prices 2013-18

French MA
prices

== GB MA prices

=== Dutch MA
prices

= NBP gas price
with EUA

Euros/MWh
c

= = = GB-NL

-a 20
29/1/13 29/1/14 29/1/15 29/1/16 29/1/17

Figure 3.1. Prices in the Day-ahead Market in Britain, France and Netherlands. Source: ENTSO-E Transparency
Platform. Note: graphs in same order as legend.

Figure 3.1 shows the lagged 28day moving average of the DAM hourly prices in GB, France
(FR) and Netherlands (NL), as well the cost of generating electricity in a 50%:8 efficient
Combined Cycle Gas Turbine, including the cost of the EUA. ' The gas cost explains some of
the price variation, and was a closer match in NL, where gas was likely to be the marginal
fuel much of the time, as it was more costly than coal until mid-2018, when the EUA price
rose sharply.

18 This is the Lower Heat Value, which is 90% of the Higher Heat Value.

19The EUA is the EU Allowance price for COz set by the Emissions Trading System. Gas contains 0.185 tonnes
CO2 per MWh heat content, hence 0.185 EUA is added to the price of gas. The cost is twice this augmented price
assuming 50% efficiency at Lower Heat Value.

43

O

m-

c

O4

—



The value oihternational electricity trading

GB and NL have very similar fuel mixes so one might expect similar wholesale prices.

Figure 3.1 shows that during 20152017, there was a persistent difference with GB on

average z14.98/MWh more expensive than NL, while FR is only on average z2.86/MWh

more expensive than NL. Over the whole period, GB and NL had price differences of less

UT EOQwzYdky, 61T wpl i I1TEUDYI QawUT 1 wUEOI8kaithatim®i wUOT 1 wl(
Price differences across IFA wereO1 UU w U T E O wagogefiektive]ly he sanpe) 19% of the

time,EOE wOIl UU wU B idzekinee, 6 | w

One potential reason for the higher GB price is that since 2013, GB (but not Northern

Ireland) has levied a carbon tax on fuel used to generate electricity (the Carbon Price

Support, CPS). In April 2015, the CPS roughly doubled from about £9 to £18/t CQ,

substantially raising the cost of fossil generation. This made coal the more expensive fuel in

GB. Chyong et al, (2019) estinE U1 Ew Ul DU w E E U E O @@ vioBlduinpredselthed U w z | Y 1
system marginal cost by £5 to £8/MWh from 20152017 by identifying the marginal CO -

emissions in each halfhour (t CO2/MWh) and multiplying that by the carbon tax (E/t CO 2).

Guo et al (2019) estimated that only 60% (SD 12%) of that, or £3 to £5/MWh (an average of

ZzK8ky, 61T AwOl wUOI 1l wWYEUPEEOI WEOUUOwWIT EVUwWEITI T OBwxEUUI E
accounts for one-third of the average price excess. As NL is tightly connected to a highly

meshed Continental grid, NL prices may be depressed by cheap nuclear French power and

high renewable volumes from Denmark and Germany (Blume -Werry et al, 2018; Hirth,

2018).

3.3 The impact of Market Coupling

Britain has been coupled to France through IFA and the Netherland s through BritNed since
2014. The SEM was only finally coupled on 1 October 2018, while NEMO was only
commissioned on 31 January 2019 and is not considered in this paper.

3.3.1 IFA Day-ahead coupling

A standard measure of the success of coupling is that trade flows from lower- to higher-
priced zones, and failure is measured by Flows Against Price Differences (FAPD). Figure 3.2
shows trading across IFA in 2013 before the markets were coupled. If the GBprice is higher
than the French price (adjusted for losses to the halfway point of 1.17%)°then GB should
import from France (top -right hand quadrant), but if GB prices are lower (i.e. GB-FR prices
are negative) then if GB imports it does so in the wrong direction as a FAPD.

2%http://ifalinterconnector.com/media/1022/ifa -loss-factor.pdf ; and
https://www.n ationalgrideso.com/sites/eso/files/documents/Border_Specific_Annex_IFA_Interconnector_0.pdf
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GB imports vs GB-FR prices 2013
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Figure 3.2. Ex post Net GB imports over IFA vs. day-ahead price differences during 2013.Source: GB price from
N2EX, FR from EPEX.

It is clear in Figure 3.2 that many observations cluster at multiples of 500 MW, the capacity

of each of the four lines. That is because of line restrictions, either because of their
unavailability, 2t or because of network limitations within France or GB. 22 Quoting the

i OOUOOUT WUOUUET w?( OwOOUOEOWOXxT UEUDPOOOW( % wi OOP wi
ET EOT T wEOwWOOUI wlUT EQwhyYY, 6 ¥OPOUUI wi OUwi Ul gU1 OEa w
Auctions are expected to utilise IFA capability more fully (function of the daily price

difference), thereby causing large hour-hour variations of power transfer more freq uently

ol &6 WEOEWYDPET wYl UUEAG? w( i wi OOPUwPT Ul wUOOWET wUI YI
minutes to complete. This can explain some of the FAPDs but not all.

The average 2013 GB imports were 1,189 MW at an average GB price excess zf5.83/MWh,

giving an average value of z26,405/hr. This is the lossadjusted price difference times the

value of the physical flow, reduced by z3,642/hr because of FAPD. As GB was almost always

more expensive than France, the percentage of FAPD was modest at 10% (ignorig small

perverse price differences). The value destruction was as much as 14% of the total value of

2231 million/yr at z31.9 million/yr .

21 The IFA capacity is shown on the Nordpool website at http://www.nordpoo Igroup.com.com/Market -
datal/N2EX/Capacities/lUK/Hourly/ and BritNed gives information at https://www.brithed.com/

28871 w?2#bDI 1101 O0VwWUI gUPUIT O1 OUUwWI UOOwW-6%$w32. UWPOEOUUDPOOWOT wli
draft Capacity Allocation and Congestion Management Network Code, CACM). Allocation Constraints are to be

respected during the capacity. Allocation Constraints may include: operational security constraints, ramping

constraints, transmission interconnector losses. The resulting IFA Daily Flow will be set by Euphemia taking into

account the Allocation Constraints as submitted by the Operators during the pre-Explicit Daily Auction invoked

during the Implicit Daily Auction Window Notice (Rule 5.4 Schedule IV an E4.4.4). (IFA Interconnector within

the NWE Price Coupling solution).
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Once IFA was coupled the situation changed. Figure 3.3 shows the scheduled flows | the
amounts allocated in the DAM auction | in MW against DAM price differences for 2017.2
ENTSO-E publishes the ATC in each direction, and for lengthy periods 500 MW (one of the
four lines), and occasionally 1000 MW was out of service. The clustering of flows at units of
500 MW is very clear and reflects the periodic unavailability of one or more lines. The value

of the actual flows using the ATC values for capacity is 99.33% of the maximum feasible
flows allowed. Changes in the direction of flows by trading in the IDM and BM  occur less
than 1% of the time. The value of DAM congestion rent in 2017 was z178 million, with the

(loss-adjusted) GB price on average z6.58/MWh higher than in France (roughly half the

average for the period 201518 shown in Figure 3.1).

Flows vs price differences on IFA 2017

2000
000

GB imports

GB-FR price loss adjusted

Figure 3.3. Ex ante scheduled net imports into GB over IFA vs day -ahead price differences, 2017 Source: Prices:
N2EX for GB, ENTSO-E for FR, data truncated at +-z uY Y ¥, 6 1 6 w%OOPUWEUIl w13$wi OUI EEVUCOwI O

2 RTE publishes forecast flows after the DAM auction clears but before flows occur, so they represent the
allocation at the DA stage. ENTSO-E publishes scheduled flows that record the actual flows over all timescales
including intra -day and balancing and these are used in Figure 3.5 and below to calculate subsequent changes in
flows.
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Ex post Percentage utilisation of IFA against DAM price differences, 2015
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Figure 3.4. Ex post GB net imports from France as a percent of ATCagainst the GB minus French (FR) price
differences, calendar 2015. Sources: Flows and prices from ENTSEE Transparency platform. Truncated at -z10
and +z50/MWh.

Figure 3.4 shows the percentage of Available Transfer Capacity (ATC) actually used (after
furth er adjustments in subsequent trading on the day) against DAM price differences for
2015. The DAM trading value in 2015 was z270 million (compared to z231 m in 2013).

3.3.2 BritNed coupling Day-ahead

Figure 3.5 shows the scatter of GB exports pr negative imports) against the DAM GB price
less the Dutch price for the electricity year (April 1 to Mar 31) 20151624 adjusted for losses
totalling 3% .25 Again we assume that the DAM clears efficiently, so that all devi ations in the
actual flow compared to efficient use arise from intra-day and balancing actions. Almost all

of the time actual trade is in the same direction as the flows determined in the DAM . The
DAM 2015-16 revenue wasz135 million, of which z5 million w as bought back and re-traded
intra-day, discussed in the next section

24 There are many missing price values in the first quarter of 2015.
25 Source: https://www.britned.com/about -us/operations/
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Ex post Flows vs DAM Price differences, BritNed EY2015-16
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Figure 3.5. Trade vs price difference over BritNed, Electricity year 2015-16. Note: truncated az50/MWh.

Another performance metric is the percentage of potential congestion revenue, assuming the
whole 1,000 MW are available 100% of thetime. From 2015-18 this measure of efficiency is
950 w RR76& | Uul3 A&k U A wa b i17ondliendyi .uFiguney3.6 shows the evolution of
two measures of congestion revenue.The darker line in Figure 3.6 is the lossadjusted price
difference times the scheduled commercial exchanges. Congestion income is defined in
Appendix 3.2 and ENTSO-E (2016a). The two measures are clearly quite different, in
contrast to the recent IFA experience2® and cannot be explained by the difference between
scheduled and actual flows (which are small). It may be that it is the result of contracts over
different time periods (year, quarter, month, day-ahead, and intra-day) where the contract
prices will inev itably differ from the DAM price. Over the whole period the two are almost
identical, but the ratio of the DAM revenue to the congestion revenue falls from 268% in
2015 to 63% in 2018. Risk aversion could possibly explain differences in prices traded ahead
and intra-day, with an apparent shift from a preference for intra-day risk in the early period
to a desire to hedge ahead of time later (perhaps driven by a lack of liquidity in the forward
markets). The evolution of these forward markets is considered in Section 3.9.

26 See ENTSOGE Transparency platform.
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Figure 3.6. Congestion revenue estimated from DAM prices and recorded congestion revenue. Source: ENTSOE
Transparency platform.

3.3.3 The effect of the Carbon Price Support

Guo et al (2019) estimated that the CPS increased net import over IFA in electricity years
20152018by 3.9 TWh/yr, from 7.8 TWh/yr without the CPS to 11.7TWh/yr with the CPS. As
France owns half of IFA, the CPS profited French consumersby roughly z26 million/yr. UK
consumers paid more, National Grid profited from its share of IFA, 27and the Government
received extra CPS revenue as the CPS is in effect a carbon tax that flows to the Treasury
million/yr, about one -third of the DAM congestion revenue under market coupling. Again,
this is split equally between National Grid and TenneT.

3.4 Intra-day timeframes

3.4.1 IFA post-DAM trading

Figure 3.3 showed the capacity allocated in the DAM auction while Figure 3.4 showed the
actual flows after subsequent trading during the day. There are frequent positive price
differences but less than 100% utilisation, because the actual flows are after trading in the
intra-day and balancing markets. Coupling implies that if there is a positive (loss-adjusted)
price difference in the DAM, the full capacity is allocated at that stage. Subsequently
capacity is made available subject to not exceeding the ATC. Thus if GB is importing at 100%
of ATC after the DAM a uction (2,000 MW), it is only possible to release flows in the IDM
from GB to FR, of which 4,000 MW is available. Conversely, if the GB-FR price difference is
negative in the DAM, then GB would expect to export, but could buy imports up to 4,000

27 This is estimated from half the difference in trade revenue with and without the CPS.
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