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Market coupling variants

* Price coupling
- Market prices and traded volumes are calculated by a single centralized system on
the basis of all the relevant information (i.e. the amount of cross border capacity and
the order books of all energy exchanges and TSOs in the coupled region)
- The best quality of market coupling is achieved by means of a price coupling system
 Tight volume coupling

- The volume traded between countries or regions is determined before the individual
energy exchanges calculate their own prices
- ‘Tight’ in this context means that the volume traded is calculated on the basis of all
relevant information, as in the price coupling system
- Offers almost the same quality level as price coupling, and is a very acceptable
market coupling system
* Loose volume coupling

- The volume traded between two countries or regions is calculated and then prices are
calculated separately

- The difference with tight volume coupling is that the calculation is performed using just
some of the relevant information

- Offers the lowest quality level

EUROPE



No. 18/2014 - Launch of full SWE coupling on 13 May 2014

24-04-2014 12:00:00 The full coupling of the South-Western Europe (SWE) day-ahead market is scheduled to be launched on
13 May 2014. As a result, day-ahead markets of North-Western Europe (NWE) and SWE, projects stretching from Portugal to
Finland, will be fully coupled. The achievement of the SWE full coupling is proof of the flexibility and reliability of the Price
Coupling of Regions (PCR) solution.

The NWE day-ahead price coupling was launched on 4 February. Simultaneously common synchronised operations of the
NWE and the SWE day-ahead price coupling started. Since then, the day-ahead markets covered by these two projects have
successfully been operated using the PCR model, developed by European Power Exchanges. Prices and transfers of energy
are determined in a single calculation based on common order books and available cross-border capacities.

Over this period, no capacity was offered to the price coupling at the French-Spanish border and the daily explicit auctions on
this border were maintained. With the launch of SWE full price coupling on 13 May 2014, capacity for the French-Spanish
border will be implicitly allocated through PCR in the day-ahead markets and the existing daily explicit auctions on this border
will cease. The go-live is subject to the final approval by the involved regulatory authorities as well as the successful completion
of the member tests.

Full price coupling between the NWE and SWE projects based on the PCR solution, achieved with the collaboration of
Transmission System Operators, is a significant step towards a fully harmonised European day-ahead electricity market. This
allows cross-border infrastructures to be used more efficiently and to further increase market liquidity and social welfare.

The combined day-ahead markets of the NWE and SWE projects cover 17 European countries (see list below), accounting for
about 2,400 TWh of yearly consumption. Since 4 February, the daily average cleared volume over these countries amounted to
3.2 TWh, with an average daily value of over €200m.

Austria, Belgium, Denmark, Estonia, Finland, France, Germany, Great Britain, Latvia, Lithuania, Luxembourg, the Netherlands,
Norway, Poland (via the SwePol Link), Portugal, Spain and Sweden.



No. 21/2014 - South-Western and North-Western Europe day-ahead markets successfully coupled

13-05-2014 14:00:00 In a landmark move towards an integrated European power market, the full coupling of the
South-Western Europe (SWE) day-ahead markets was successfully launched today. As a result, the SWE and
North-Western Europe (NWE) projects, stretching from Portugal to Finland, now operate under a common day-
ahead power price calculation using the Price Coupling of Regions (PCR) solution.

Today, for the first time, the day-ahead transmission capacity on the French-Spanish border has been implicitly
allocated through the PCR solution, replacing the previous daily explicit allocation. Full price coupling between the
NWE and SWE projects allows the simultaneous calculation of electricity prices and cross-border flows across the
region. This will bring a benefit for end-consumers derived from a more efficient use of the power system and
cross-border infrastructures as a consequence of a stronger coordination between energy markets.

With the achievement of full coupling of SWE day-ahead markets, cross-border capacity of all interconnectors
within and between the following NWE and SWE countries will now be optimally allocated in the day-ahead
timeframe: Belgium, Denmark, Estonia, Finland, France, Germany/Austria, Great Britain, Latvia, Lithuania,
Luxembourg, the Netherlands, Norway, Poland (via the SwePol Link), Portugal, Spain and Sweden.

The combined day-ahead markets of the NWE and SWE projects account for about 2,400 TWh of yearly
consumption. Since the launch of the PCR on 4 February, the daily average cleared volume over these markets
amounted to 3.2 TWh, with an average daily value of over €200m.

The SWE full market coupling represents a further step towards the implementation of the European target model
for the Internal Electricity Market in Europe in the day-ahead timeframe. Following the NWE-SWE full coupling,
further extensions of the market coupling with the PCR solution are envisaged.
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- Markets using PCR: MRC

I Markets using PCR: 4MMC

Markets PCR members

Independent users of PCR
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ALGORITHM EUPHEMIA

« EUPHEMIA is an algorithm that solves the market coupling problem
on the PCR perimeter

— EUPHEMIA stands for: EU + Pan-European Hybrid Electricity Market
Integration Algorithm

* |t maximises the welfare of the solution

+ Most competitive price will arise
+ Overall welfare increases Clearing price

- Efficient capacity allocation

e
Accepted volume M‘;r‘l.l’h

Algorithm has been tested using real 2011/2012/2013/2014 daily
order books (around 50 bidding areas and 60 ATC lines)
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MARKET DATA

Each PX (Market) operates
several bidding areas

All bidding areas are matched at
the same time

A different price can be obtained
for each bidding area

The price for the bidding area
must respect maximum and
minimum price market
boundaries
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NETWORK DATA AND BALANCE CONSTRAINTS

The energy balance concept is defined as: The global supply minus the losses must be
equal to the global demand of all markets involved. Depending on the manner the
interconnections are modeled, there are the following:

« ATC network model: The network is described as a set of lines interconnecting
bidding areas. The nomination of the line can be made up to its Available Transfer
Capacity (ATC)

+ Flow-based network model: Also known as PTDF model, with all bidding areas
connected in a meshed network. It expresses the constraints arising from Kirchhoff's
laws and physical elements of the network in the different contingency scenarios

considered by the TSOs. It translates into linear constraints on the net positions of the
different bidding areas

« Hybrid network model: Some bidding areas are connected using the Flow-based
network model; the remaining using the ATC network model

PCR

PRICE COUPLING QF REGIONG




EUROPEAN MARKET INTEGRATION
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5.b) Overview of established Market Areas as part of the 1* go-live

Delivery Areas to be launched
at first go-live

50Hertz Transmission GmbH

Finland-Russia Exchange Area
ithuania

atvia
Morocco Delivery Area

Nerway 1-5 i
/
.
p

Portugal Delivery Area | r{
France \

TransnetBW GmbH >
TonneT T5G GmbH NRAs have confirmed that explicit aceess ks only on
the DE/FR border

Pre-delivery markets

%
-.o.oootoooooooio'° "'Oooooooooo-toto..
[ ] [ ]

Zonal pricing

PCR users and members

[ Viesets waing PCR: MRC

[ vortets vung POR: e
Liarnety POR memseny

[ rovsencetusen of PCR

[ teves assocane
memtens of PCR

NORWEGIAN SCHOOL OF ECONOMICS

FCR

Elbas

(Until delivery)
‘Feasible trade’

e

Delivery hour
(e.g. 08:00-08:59)

30 TSOs + ENTSO-E (Observer)

PICASSO Members PICASSO Observers
(26 TSOs) (4 TSOs + ENTSO-E)
Austria A_:_E__d Hungary - Latvia ST
Belgium £ @(ia Italy i Lithuania L:f‘
Croatia  awors The Netherlands ©™""T | Estonia  elering

Czech RepublicCepi | N¢

Denmark cneRGINET Pc
34 TSOs + ENTSO-E (Observer)
Finland  FinGRID P¢

France Q R MARI Members MARI Observers
(30 TSOs) (4 TSOs + ENTSO-E)
Germany _ sl
wera TRONSNETBW. | —| Austria ot | Greece Spain Serbia <> EMC
orennet #amprion sl
Sweden = s o Belgium £ %17 | Italy At | Sweden T Ireland enemo)
Bulgaria g & Croatia Mnops | Latvia B id Ireland SoN
Switzerland sweswa | |, Czech Republic &zpr. | Lithuania .?!(.‘ Great nationalgrid North Macedonia MEPSO :
o 1
Denmark  ENERGINET | Norway Statnett Britain ENTSO-E entso@ S SN
Estonia elering | Netherlands ©TeMeT| Luxembourg {creos
Finland rinGrRiD |Portugal REMN Bulgaria 2
France @ Poland os=
Hungary - Romania A
Germany “itherz | Slovak Republic To| [—
Poprion TENRET p— “LES') [l MARI Member
. lovenia
- TRANSNETBW
fime . MARI Observer

Bidding Real-tifne
regulating regulation _ balancmg.
power market using regulating Using regulating
(20:00) power list power anq
ancillary services

Markets and systems for:
* Real-time balancing (Regulating power

market, and other ancillary services)

* Congestion alleviation



Measures of congestion cost

Location 1
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Figure 12 Price structure in Norway and GB in 2030 all Scenarios
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Sa mye tjener vi pa kraftkablene

De siste fem &rene har Statnett tjent 2,8 milliarder kroner pA eksportkablene for
strpm, og stromkundenes nettleie er redusert med 674 millioner, viser ferske tall.

:

TJEMER PENGER: Statnatt har tjent nesten 3 milllarder kronar pa st il anmark og sksta fem &rene, o rundt 674 millioner kroner er brukt pi 4 redusers

stremkundenes nettiele, opplyser nettoperateran. Dette er fra leggingen av Skagerak 4, den flerde strpmikabelen mellom Morge og Danmark, som ble satt 1 drift | 2004.
FOTO: STATHETT

Kjetil Malkenes Hovland

(E24) Publisert: 14:16 - 28.03.2077, Oppdatert: 14:17 - 20.03.2077
Denne uken var det giennomslag i en 2 kilometer lang tunnel i Suldal.
Tunnelen er en liten del av verdens lengste strgmkabel pa 720 kilometer, som skal bygges mellom Norge og England.

Neste &r begynner man 3 legge selve kabelen, som skal koste opptil to milliarder euro eller 18 milliarder kroner, fra Kvilldal og langs
havbunnen over til Elyth ved Newcastle.

N4 legger Statnett frem ferske tall for hvor mye nettoperatgren og norske strgmkunder har tjent pa utenlandskablene de siste fam drena.

Statnetts Inntekter fra kablene var pa rundt 3 milllarder kroner de slste fem irene, eller 2.8 milllarder kroner hvls man trekker fra
stremtapet.

Trekker man fra ogzs4 investeringzkostnader og utgifter til drift ogvedlikehold, 54 bidro kablene med 674 millioner kroner som gértil &
radusare nettleien for stramkunder | Norge, ifelge Statnett.

- Dlsse kablene har gltt gode Inntekter til Statnett. og dette gler at vl kan betale ned pé Investeringene som er glort I kablene og | tillegg
finanslere forsterkninger | sentralnettet og redusere nettlelen for norske forbrukere, sler konsemnsjef Auke Lont | Statnett.

— Samtidig jobber vi for drifts- og markedslgsninger for mellomlandsforbindelsena som skal gi enda bedre inntjening for Norge, sier han.

Bygger flere kabler

Norge hari dag fire eksportkabler for stram til Danmark, Skagerak 14, og en eksportkabel til Nederland, NorMed.
| tillegg bygges det na to nye eksportkabler, en til Storbritannia og en til Tyskland.

For 2016 alene bokferte Statnett handelsinntekter for de seks eksisterende eksportkablene pa 395 millioner kroner. Nar kostnadena for
strpmtapet pi kablene trakkes fravar inntekten pa 348 millioner kroner, ifelge selskapet.

Taper 4 prosent

Pawvaei til utlandat gar rundt 4 prosent av strgmmen tapt. Noa Som gjgr at tapet noen ganger ar hgyera ann inntektene.

Statnatt har siden 2015 en ordning som gjer at Morge bare eksporterer kraft giennom kabelan til Mederland nér det er lannsomt. altsa nar

prisforskjellen mellom Naorge og Nederland gjer at Statnetts inntekter er hgyere enn tapet.

Nettoperateren opplyser at den ogsa ensker 4 fa | stand en tllsvarende avtale pi de fire danske kablene.

Den ferste kabelen til Danmark ble satt i drift i 1976, og den fjerde i 2014. NorNed ble satt i drift | 2008.

Skeptiske til nye kabler

Den siste tiden har Industri Energi kommet med kraftig kritikk mot by ggingen av eksportkabalen til Storbritannia, som fagforaningen
fryktarvil bidra til hayere strempriser og industrided. med fara for 12.000 arbeidsplasser [ kraftkrevends industri.

Industrl Energl har derfor bedt Riksrevisjonen om & vurdere om kabelen er lovilg og hiper at byggingen kan stanses.

Fagforeningan har blant annet spidd stremsjokk med strempriser som kan dobles til rundt 50 ere per kilowattime pa sikt, fra 31,6 gre per

kilowattime i fjor.

Les mer: Industr] Energl advarer mot stremprissjokk

Omstridt kostnad

Norske myndigheter har imidlertid anslatt effekten av kablene til 4 vazre mye mindre.

— I fplge NVEs kraftmarkedsanalyse mot 2030vil de to nye kablene isolert sett gi en swak ekning i kraftprisena, skrev olje- og

enaergiminister Terje Spviknes i et skriftlig svartil en partikollega i Stortinget nylig.

NVE-rapporten han viser til anslir at kablene fra Norge til Tyskland og Storbritannia | snittvil eke kraftprisen | Norge med rundt 2 ere per

kllowattime 12030.

Les mer: Seviknes avviser dyr kabelstrem

Selve stremmen er for gvrig ikke det eneste kundene betaler via stromregningen. | tillegg kommer nettleien og statlige avgifter. | flor
utgjorde selve strammen bare dreyt en tredjedel av regningen.

Les mer: Samye betalte du for stremmen | flor
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ENTSO-E POWERFACTS EUROPE 2015

€2.5b-€4b
per year

BEMEFITS OF
ELECTRICITY MARKET
COUPLING/INTEGRATION

=

‘“ +7TWh

OF CROSS BORDER
EXCHANGES IN ENTSO-E
BETWEEN 2016 AND 2017

Figure 30 - Progress made in the efficient use of electricity interconnectors in the DA market
timeframe over the last 8 years — percentage of available capacity (NTC) used in
the right direction’ in the presence of a significant price differential (>1 euro/MWh)

LA

I Capacity used in the right direction Capacity unused in the right direction

Figure 27 - Europe’s interconnector efficiency for day-ahead, intraday and balancing trades
(source: ACER)

Day-ahead
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K STROMPRISENE
Historisk lav strempris: | natt =
i fikk nordmenn betalt for

strom

| Norge har vi aldri for sett en negativ strempris,
men det fikk vi tidlig mandag morgen. Sng i
fiellet, begrenset eksport og sommerferie er
noen av grunnene.

Hos Nordmenn har det vaert lavt forbruk som farer til vannkrafts... vis mer
B Lise Aserud / NTB scanpix

Av Benedicte Storm Bamvik

Oppdatert: 6. juli 2020 13:00
Publisert: 6. juli 2020 11:32
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Negative Power Prices
Number of occurrences in day-ahead markets
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.bloomberg.com%2Fnews%2Farticles%2F2018-08-06%2Fnegative-prices-in-power-market-as-wind-solar-cut-electricity&psig=AOvVaw2eO_CX19_ljdVuMmQiw_u1&ust=1588793610419000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNiKzPK7nekCFQAAAAAdAAAAABA3

Price (EUR)

Natural Gas EU Dutch TTF

MEU 2022 Coal
175 +180
o,
o
125 +140 ;
@
!
100 +120 {_BD
o o
=
3]
+100
75 g
3
80
50
F60
25
Jan Feb Mar Apr May Jun Jul Aug Sep Oct
2021
Source: ICE Futures Europe Bloomberg m
Mar May Jul Sep Nov 2022
source: trandingeconomics.com
European wind energy production [GWh]
EUA price @s 900 ——Germany ——France ——1Iberian Pen. —TItaly
650 800 /"
700 / /
20 600

500 /

\
\
\
-\
N

\
40
400\ . \ /\/\
30 300 -\’\ / \///\ \ A
b 4 NI AN L
200 )Q
20 N AN/ i I A N 4 =~
100 o= N \,/\/
0 Zam S /%3454\//-—'
10
P P QNN NN D P PP
0 RN N IR I I N AN SN I T I N
% % % 4% % QP % % 4% 4% 3% % % %
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 ’]9 q/Q ,1/0 ,1,0 ,)/Q q/Q q/Q ,1/0 ,1,0 ,19 q/Q ,-]/Q q/Q q/Q



Energiinnhold [TWh]
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Nordic bid curves (2021)
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Average monthly price in Norway (consumption-weighted)
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Monthly sum of exports and imports, Norway .

4000 7 Export .m

3500 0 Import

3000
2500

<
= 2000

©)
1500
1000
500

T T T T T T T T T T T T T T T T T T T T T

= Net export
3000 A

MMM N

—1000 -

GWh

T T T T T T T T T T T T T T T T T T T T T

o ol A o ol Ay P o A L o A d ol A D ol A Lo , ;
B T o 10\"6 B I N T N e I I N N N T LI AN\ AN

NORWEGIAN SCHOOL OF ECONOMICS



Centralized Power  Clean, local power B

L

sild T |

= —— - ——— |

N

Transmission netwaork

b H%

House |
H

Distribution network

g \
o d b
ffk ima
£ff 113
EEC 173
sy b
Factory Cammercial

buildi ng

NORWEGIAN SCHOOL OF ECONOMICS

NHH
ESEd

" (b |
T Ef
Solar PV ek Iny
1 gk il ¢EF 113
. Lh F"::IWFT r an t.r:- 131
({4 o 1]
‘ Storage 5 orage
Qi \ 2
.‘h—""""---..
Storage \

Qﬁramqe

Local CHP |:-|-::-n| \
[qadbi}! House wi I|-|
¢l 173 domestic CHP
ol 4 e |
[EL 113
ECE :I'I]

Wind

|:|.:-'.-'.-'Er'

F-l-n nt

J. Farrell, 2011 (adapted from European Commission)



Clean and affordable NHH

| gar » 10:22

Ref I Ml
Ditt stremanlegg er na stengt.
For gjenapning betal kr
11.744,18. Betal Na pa 1
L F L R SR
sa KRR TSl | 0K Dersom
det skal veere mulighet for
gjenapning i dag, ma betaling
veere utfgrt innen kl.14.30
Fullstendig oversikt finner du
pa 'w'w'e A Har du
sporsmal vedrgrende stengt
anlegg, kontakt K. K ALK pl
telefon HFEEEEE

https://www.nrk.no/klima/xl/elektrifisering-oker-stromprisen---blir-regningen-rettferdig -1.15539835
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https://www.nrk.no/klima/xl/elektrifisering-oker-stromprisen---blir-regningen-rettferdig_-1.15539835
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 What is the new normal for
electricity prices?

- Interconnectors
- Renewables

- Demand and the green shift

 How to deal with the
“affordability” part?

- Innovations in demand response and
contracts

- Mechanisms to save on the
electricity bill for all

- Keeping incentives to save energy
when needed
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