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Current trends in electricity market design towards

Electricity markets in Europe are regulated on the national and on the European level. European Member States
have different national preferences and targets for their power generation mix. Especially policy towards renew-
able energy sources differ broadljhe European Commission is aiming at integrating markets and forming an
Energy Union. It develops and implements supranational framework policies to achieve European targets of cli-
mate protection and free trade. This paper analyses governmental trendddressing current challenges in
electricity markets in Europe.
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Introduction

Due to its distribution via grids, the whole electricity sector was historically regarded as a natural monopoly for
a long time. National government authorised integrated compario generate, distribute and supply electricity

to customers of a defined region. Prices for electricity supply have been regulated, to prevent the excise of mar-
ket power. National governments decided about the adequacy of new investments in power tienéaailities

as well as grid extensions at the national level. Technically, supply systems had a central structure: Big power
plants generated electricity at low costs. They were strategically located. Radial transmission lines transported
the electricty to centres of demand. Customers were mainly connected to the distribution grids. Electricity was
fed in at the transmission grid level and deducted at distribution grid level. Transmission lines to neighbouring
systems have been regarded as emergenakig lines, they have not been taken into account for planning.

In the 1990s, European governments decided to liberalise energy markets. By introducing competition, they ex-
pected to increase the efficiency and to decrease the costs of energy supply. Unbundling of the electricity sector
was expected to foster businessdtechnological innovation from competing companies, put an end to the
divestiture of failing public companies and bring private capital to the sector.

The process was steered on the European level. With the introduction of the first liberalisatiotivdifec elec-

tricity (96/92/EC), the European electricity industry was divided into a competitive generation part and a non
competitive network part. Newly established national regulators opened the supply side of electricity markets

for competitonand gli N} y i SSR G KANR LI NIie | 0O0Saad ¢KS RANBOGAGDS
9y SNHEHE tFO1F3SQ IyR GNI¥yatlridSR Ayid2 ylriAaz2yrt 1 g dzyi.
package gave way to the concept of Transmissione8y8perator (TSO), which guaranteed third party access

(TPA) to the grids but still through a negotiated (and not completely open) process. This energy package, which
represented the beginning of the European electricity market but with no market desigjghity was followed

by a second liberalisation directive in 2003. Theéso f t SR W{ SO2y R 9y SNH& tI O1F3SQ: ¢
by 2007 (thes® | f t SR W{ SO2y R 9ySNHe& tI O1FI3SQuad ¢KS aS02yR RAN
estalished seamless crodmrder trade as one of the pillars for the development of an EU electricity market and
YI'yRIFGSR GKS ONBlIGA2Y 2F ylLiAz2ylt SySNHe& NB3IdzZ I G§2NE |
published in 2007 and focused onhundling formerly integrated energy companies.
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towards

This third energy packageas the consequence of what can be considered the first common European policy

framework made up of common goals: thecalled 2020-20 targets. In particular, this package institutionalised

both, the collaboration among TSOs into ENFES@nd the coopet@n of national regulatory authorities into
ACER. The main objective was the creation of anwigd electricity market with two fundamental principles.
First, the wholesale price for electricity is to be formed by emulating awige merit order naturato the tra-

Competition was not only introduced in wholesale markets, but 4
in retail markets. Since 2007, all customers should be able to ch
their electricity supplier. In several Eastern European countikes
Bulgaria, there are still state owned single buyers for electricity t
sell electricity at regulated prices for end suppli€@sveral countries
like Greece fully liberalisetheir retail markets but the incumbent
electricity company remains the danant supplier ACER publishe
an overview of markets with price regulation in its monitoring
ports. Figure 1 shows the situation end of 2014.

M Regulated prices
Regulated prices with roadmap for their removal
Non-regulated prices
Non-regulated prices with (a potential) ex-ante intervention in price setting

Figurel: Price regulation in Europe, source ACER (2015)
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ditional costminimisation dispatch
characteristic of a former vertical dis-
patch. Second, electricity trade would
be facilitated by implicitly allocating
the available crosborder capacity in
the price formation process. In this
way, traders wold not have to follow
the mandatory twestep process of
first securing transmission capacity
and then engaging in the trade of
electricity. Trade was then made pos-
sible without dealing with the grid, a
major boost to the growth of cross
border trade and te development of
an EUwide electricity market.

In Europe, supply and demand are
nowadays mainly balanced by power
exchanges and in bilateral trade. Fig-
ure 2 shows major trading places for
electricity in Europe. At power ex-
changes, bids for supply are ane
mously matched with bids for de-
mand by price. In consequence, the
electricity price at power exchanges is
I aYl NBAYI t ¢
much it costs to produce one more
unit of electricity or how much the
last buyer in the market was willing to
pay Pr electricity at a specific point in
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ties are negotiating freely.
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Figure2 Exchanges and other trading places for energy and related products in Eui@perce: EEX, 2014)

Ibérico de Energia
(Polo Espafiol) S.A. &

To date, Europe has managed to integrate the majority of trading into a single market. The European Commission
supervises the implementation of directives into national regulation and investigates potential violations against
the prindples of free trade, in particular with regard to electricity markets. In general, national market rules
comply with the European regulation. Luxembourg, Cyprus and Malta have been granted a derogation from the
unbundling provisions of the Third energy gage. For different reasons, they do not have to split their trans-
mission system operators, generators and suppliers. However, also among liberalised markets there is quite
some heterogeneity. For example, some electricity markets in Europe are stilcquitentrated Figure3 shows

the grade of concentration in the generation of electricity. Eurostat gives quantifications for market shares of
the biggest generator irach country.
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Level of market
concentration

high

| »

Ecofys, 2015

Figure3 Market share of the largest generator in the electricity market (Source: Eurostat)

There is only one electricity generator on the islands of Malta and Cyprus. Markets are very concentrated in
Estonia,Croatia, France and Slovakia. The biggest generator in these countries controls at least 80% of the gen-
eration capacity. France plans to start tenders for hydroelectric concessions in the first half of next year to bring
competitors into the market. Markethares of more than 70% are registered in Latvia, Luxembourg, and Greece.

A share above 50% is found in Czech Republic, Slovenia, Austria, Ireland, and Hungary.

A key element to th processof liberalisationis that the core structure athe EUwide market was reached by
consensus, which has given way in turn to a series of governance issues.

First, maximising welfaréia marginal pricing on European power exchartgages on the existence of a gtea
variety of generating technologies all with different marginal costs for production. Such an assumption was a
perfect fit to the situation that most European countries were experiencing at the beginning of the restructuring
LINE OSaa 27 (Kt expanSan of the poder systeihSvgls dominated byfgaed power plants with
marginal costs determined by exogenous energy prices (o0il and gas). These power plants were also modular,
flexible and relatively fast to build and expand, and with almostamational constraint for construction. The
reality of a sustainable power industry of today is diametrically opposite. The continuous growth of renewable
energy in Europe with close to zero marginal costs is tearing apart the traditional merit ordeigrarad

The generating costs structure in a gmed dominated power system allows for planning estyead. This way

of system operation was ideal for gas plant operators: it created a predetermined and fixethyxbour sched-

ule with enough lead time forie commissioning of the stattp, shutdown and ramping up and down of the
generators. With increasing shares of renewable energies, fixing a predetermined schedule for any generator is
no longer possible at the deghead timeframe. The electricity genei@t from renewable energy sources is
determined by local weather conditions. Accurately forecasting local weather at such an advanced lead is still
challenging. The output from renewable energy sources and the schedules set for conventional plants at any
given moment is likely to differ from the actual output observed several hours later.
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As a consequence, a technical issue arises from the current market clearing design which is the settlement of the
more and more frequent and larger imbalances between the schedules and actual outputs from all generators.
There are a number of options hohis coordination can be technically managed. They can be categorized along
the dimension of whether decisions are being taken centrally or decentrally. Currently, the process is organised
by the Transmission System Operators that naturally decided canfoalthe approach in their geographically
determined territory.

However, as long as TSOs carry out the reserve scheduling and balancing of the grid, the full completion of an
EUwide electricity market will remain open. This technical issue turns thientire governance issue. One pos-
AA0OAETAGE F2NJ GKS ONARIAYI 2F | WFdzf £ 9 dzNP LISdorger YI NJ S
collaboration. This then brings about a governance issue since neither ENAG@\CER have the jurisdictito

Syr oG Fye olflryOAy3a O2RSad !y& OGA2y Ay GKS &SI NOK 7
zation of the current market design) must be reached by consensus.

This is only one example that reveals why it is important that markegdegoals, trends and initiatives be looked

upon from both the technical perspective and the governance perspective. Figure 4 shows the two dimensions

of analysis followed in this paper.

European level

perspective

Decentral Technical perspective Central
solutions steering

Governmental

National level

Figured Two dimensions of analysis

The issue of regulatory governance in Europe has strong influence and implications in the development of the
internal energy market. Discussion about the need for a new market design or the development ofanket
elements to cope with the challenges of renewable energy integration is becoming more frequent and intense.
Designing a (possibly new) market fit for renewables with convincingtlmng investment signals for investors

is still unclear not becaug# technical limitations but mostly because of the European governance framework.
The core issue is that the European Union lacks a regulatory power needed for the streamlined development of
regulations, directives and law in generad €ontrast tothe Urited States counterpart, FERC). In Europe, the
member states create and pass regulatory proposals through a process known as comitology. At the same time,
though, member states, through the heads of state, share the Presidency of the European Couritiitsetic

is part of the European Union. This level of executive and legal interplay makes the governance dimension in
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Europe a key (and perhaps, the most important) factor in the development of the European regulatory frame-
work for the electricity market.

Such a reality does not imply that moving forward with the development of the required market design elements
for renewables is impossible and that Europe has reached a roaditosk.European stakeholdsmagree that
halting the progress made so far tovasrthe completion of the internal electricity market in favour of a different
market model or solution is a decision that Europe cannot afford to make.

The European Union has different mechanisms and jurisdictions to move initiatives forward. FitSntineis-

AA2Y KlFI& (GKS Rdzié oFyR |fa2 GKS NRIKGLOL G2 WSyadiNB K:¢
legislative initiative. In addition, as the executive branch of the Union, the Commission has the right for direct
inference on the Iternal European markets (not only energy) and competition policy. In parallel, the Commission

has also jurisdiction to open sector inquiries for the safeguard of competition (following directly the treaty) and

also to unilaterally enact guidelines.

Althouk (G KS&S SESOdziA@S G(22t&a R2 y23( LNROARS (G(KS ySO0Saa
they are nonetheless an effective and viable instrument to enforce existing regulation and move forward towards

the completion of a target model fit for rewables.

Recognizing the need for action in view of the upcoming challenges towards the goal of developing a market fit
F2NJ 6KS adzadlrAyroAtAde 3I2rfaz GKS /2YYAaarazy KlFa 1 dz
issues across the board wehiinclude retail and wholesale markets, further integration of renewable energy, the
dismantling of normarket based support mechanisms for renewable energy, and the coordination of national

capacity mechanisms (a market trend which will described betodetail).

This process has started with a broad andréaching stakeholder consultation involving a number of directives

and regulations. This process requires the conditional acceptance of the European Council in the process. The
Energy Union plan seskamong other important goals, to increase the power of ACER and distribution grid
operators. Whether such a strategy may leadto RIE FAYAGA2Y 2F 9dzNRLISQa St SOGNR
crucial point at this moment. What is perhaps more importand G KI & & dz0OK | Wy Sg Y2RStQ
provisions with regards to two widely recognized challenges: the need for flexibility in thersincahd the need

for investment signals in the lortgrm as a guarantee for capacity adequacy. Severaketatesign trends are

taking place to cope with the challenges of developing an electricity market fit for renewable energy. This is
discussed next.
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Challenge: Efficient operation of generation capacity

After the liberalisation of electricity markets in i&pe, trading of electricity was fragmented into-salled bid-

RAY 3 1 2y S armetwakkake@sKvithin Ndich earket participants can offer enetgy the dayahead,
intraday and longeterm market time frameg without having to acquire transmissionmacity to conclude their
tradesé! The zones mostly followed national boundaries. In some countries, limitations of this approach became
visible. Transmission lines have not been strong enough to facilitate delivery of traded volumes nationwide. Nor-
way, Sveden, Denmark and lItaly therefore implemented bidding zones within their national markets to deter-
mine electricity prices according to regional demand and supply. Other countries chose the second best solution
2T -RANSLI §OKE © Ly { Kylplce dodsindt geftelt techKical liBitati®re.(indtkad, the physical
delivery of electricity is adjusted if transmission lines are congested.

In two cases, interconnector capacity between national markets was strong enough to facilitate international

bidding zones. This was the case for the island of Ireland. Also, Germany, Austria and Luxemburg currently form
a multinational bidding zone (séégureb).

ot
¥

Figure5 Bidding zones in Europe (Ofgem 2014)

Within one bidding zone, electricity generators meet the same market price. Rational actors will operate facilities
that deliver electricity at minimum costs within one zone. New investments are settled at locations with lowest
costsc which is not necessdly close to centres of demand.

With the introduction of trade in electricity markets, incumbents were exposed to competition. Many of them
started to evaluate market potential in neighbouring regions, but alsomtrées. All of a sudden, interconnector
capacity between national markets became important. No longer were they only used to back up security of
supply, but also for constant trade between parties in different market areas.

1 Definition by theEuropearNetwork of Transmission System Operators for Electricity (Ejtsbtp://networkcodes.en-
tsoe.eu/category/biddingzones/?p=capacitglloccongestioamanagement
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Already in 2004, Spain and Pagel agreed to establish one market for electricity (MIBEL). France, Belgium and
the Netherlands started a trilateral market coupling in 2006. Also, the Scandinavian countries established one
common market, Nord Pool Spot, to trade electricity. In thesepbed markets, the price for electricity is no
longer determined at each power exchange, but with one single algorithm. Power plants compete internationally
to cover demand for electricity. Prices are only highreone market than in the otheif the interconnector
capacity at the border is congested. Inversely, prices in coupled markets are identical if there is no congestion at
interconnectors at the borders.

The European Union supported this development to establish a common energy market. In 20itapea

/| 2dzy OAt F2N¥NdzA  GSR GKS FAY (2 KIFI@S | 9dzNBLISIY YI NS
of an integrated European electricity market, physical interconnector capacity is used in the most efficient way

by coupling the marketand establish one single algorithm to calculate prices. With the Third Energy Market
Packagéthe integration of markets took up pace.

In September 2012, the Cze8ltovakHungarian market coupling became operational. In March 2013, the three

Baltic Std S & QC[¢Nth:BNA R O[ Al Kdzl YA 0 | dz3 & G & LINSgBed du¥agreermentt & O [ |
on the principles of calculation and allocation of the crossborder capacity within the Baltic States and with third
countries.In July 2013, the Czeétepublic, Slovakia, Hungary, Romania and Poland signed a Memorandum of
Understanding to extend the existing market coupling in Central Eastern Europe by including Romania and Po-

land.

In February 2014 the Northwest European coupling of the-ategad markes from the Nordic region, Great

Britain and the Central Western Europe region went live. It was further extended to Spain and Portugal (OMIE)
in May and extended to Italy and Slovenia at the end of 2014. Via the SwePol Link, also Poland participates in the
coupling of the NortiWestern European Market.

The current dayahead coupling directly and indirectly includes the markets of almost 22 countrie§igee
6). Acording tothe EC, a similar system for crdssrder intraday trading is a priority for the coming yeérs.

A

[ North -West Europe  since Feb 4th 2014 *
South -West Europe since May 13 2014 ™

B 4Markets since Nov 192014 ™

[l Northem Italian borders since Feb 24 2015

i
i

g S

*Poland (via SwePol) and Austria (via - German -Austrian Price Zone)are
indirectly coupled; ** The implementation of target fall -back solution

in case of decoupling in the French - Spanish interconnection (explicit
shadow auctions) still pending; *** different closure time remains

Figure6 Countries involved in the DaAhead Market Coupling (own representation based on ACER 2014 and
ENTSEE 2014

2 Directive 2009/72Regulation (EC) No 714/2Q@Regulation (EC) No 713/20@jrective 2009/3/EC
3COM(2015) 340 final

Pagell



Current trends in electricity market design towards

The ntegration of electricity markets increased efficiency of trade. Generators face competition from all over
Europe, depending only on transmission capacity. Incentives for new investments are low. If new installations
are built, they are often dependent dimancial support schemes. They are placed at locations with low costs of
electricity generation, which is often far away from centres of demand. This is especially true for wind turbines
that meet ideal conditions at seaside and offshore. Many municipal@gxplicitly assign space for development

of wind turbines in distance from urban areas.

Financial support for renewable energy sources increased their share in the power plant fleet mix rapidly. Not
always, the financial support schemes took into actaegional differences of electricity generation costs. In
several countries, supply of electricity increasingly concentrates in locations away from centres of demand.

Market integration increaes efficiency in trade, but at the same time it challenges national regulators. When
designing their national market framework regulation, they have to take into account price reactions and param-
eters in supply and demand from markets out of their contidéspite harmonisation via the European energy
market directives, there are still numerous differences in market regulation, especially for renewable energy
policies and capacity payments. Governments therefore increasingly look at neighbouring codtteigqub-

lish common declaratioftsor plan grid developments internationally (BritNed, NorNed, North Sea Supergrid).
Some countries already import large amounts of electricity from their neighbouring matketesmbourgs the
country with highestmportsrate: 57% of the electricity to cover national consumptfoam neighbouring coun-

tries, mainly Germany.

Increased interconnection capacity between countries constraints the effects of national policies. This results
sometimes in national governments constructing workarounds to execute their legislative decisions. The Austrian
government, for example, wouldkk to establish a nucledree power supply, but shares one market with Ger-
many that has eight operating nuclear power stationssummer 2013the Austrian governmeritas introduced

an obligation for electricity suppliers supplying Austrian end consumers to provide a certificate of origin of the
energy supplied. It will need to be assessed further whether this new obligation restricts imports of supplies from
other Member States.

¢KS 9/ LINBaasSa 7T2N FdzNI K SwhblesaleNeledritity privelzdhasholldasyrdflect & a G |
where there is transmission capacity and notsimp G KS 06 2 NR S N& ° Agtidle 181Sando1&@Nf tHed | G S & ¢
Treaty on the Factioning of the European Union specify that price discrimination according to the location is

not allowed. An objective of the Internal Electricity Market is therefore to couple markets, i.e. to calculate market

prices in a common proceds. the future,also support schemes for renewables and capacity mechanisms should

be opened for competitors from the other side of the market borders.

The system of bidding zones establishes prices for a defined region and ignores transmission constraints within
one courtry. With the support of European industry association ENESthe European Agency for the Cooper-
ation of Energy Regulators (ACER) launched a bidding zone review grestead of splitting markets by bor-

ders, the institutions suggest splits along cestipns in transmission capacity. For example, there is a network
congestion from Northern to Southern Germany, and discussion about a market split are ongoing since 2008.
The German and Austrian authorities are currently considering a split between theduntries as network
congestions persist inside of Germaanyd subsequently between the two countriés

4 Joint Declaration for Regional Cooperation on Security of Electricity Supply in the Framework of the Internal Energy Market
5COM(2015) 340 final

6 Entsee 2014 Technical report: Bidding Zones Review Process; Acer 2014 &tefiwtinfluence of existing bidding zones
on electricity markets

7 https://www.cleanenergywire.org/news/griéhuthority-considerssplit-austriangermanelectricity-market
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The current FlowBased representation of the grid in the PCR-dagad market mechanism accounts for the
SEAAGSYOS 2F WAy GSNGgS t @2 VOQYIIB 4R 2WENN KNBIHEI Ko NI y OKSaQ
sion trunks (not necessarily interconnections) that are often congested in the market clearing. Although internal
to the corresponding country, critical branches, when congested in thdehalo create market splitting (a di-
vergence of prices) and congestion rent. For this reason, some analysts argue that by incorporating critical
branches in the market clearing, the consequences of internal congestions end up being spread across the entire
market. This is one of the several arguments in favour of the implementation of nodal pricing in the European
electricity market. As a matter of fact, several studies argue that in the long run, nodal pricing would be more
adequate to provide adequate iegtment signal$.In this market design, prices are calculated for each node in

the network reflecting available transmission capacity in the grid. This concept has not been favoured by any
government so far

The effects of market coupling strongly depend on the available transmission capacity. The European Member

states agreed on extensive expansion plans for interconnector capacity on the transmission level establishing a

trend to expand physical y § SNO 2y y SOG2NJ O LI OAG& 0 Sl @ SdefthddRemy G NA Sa @
ber States should have a level of electricity interconnections equivalent to at least 10% of their installed produc-

tion capacity The situation varies largely between Memi®iatesENTS® LJdzo f A aKSa | &SI NI & a
G2N)] 5S@St2LSyd tflyé OGKFG GF1Sa F0O02dzyd 2F Ittt LX Iy

Building of new interconnection capacity the transmission levés financially supped. Under the guidelines

fortNI A9 dzZNB LISy SySNH& AYFNI AGNHzOGdzNB:X GKS 9dz2NRPLISIHY 9y
Y2y AY(iSNBalGéod 9EI YL S& | NB (KS bwWwaskeledtritity intedd@hec®O i = | v R
to the UK that began full commercial operatiin May 2013. Also, the first direct current underground trans

European link between France and Spain receives EUR 225 million from the total investment of EUR 700 million

from the EEPR.

¢CKSNB FNB aSO@OSNIft LXIya (2 enadfacitdterfuitier dxofiangeRffeledrisitg v I f & 3
supply. The North Sea neighbouring states are planning to establish a system of direct current lines in the North

Sea to connect the British Islands, continental Europe (Belgium, Netherlands, Germany)raag, ds well as

several offshore wind farms in the sea.

Thedispersion of demand and supplyithin one bidding zone is increasingly mentioned in the reasoning for

national grid extension on the transmission grid. If the market price is calculated fggerbregion (e.g. a na-

tional price zone), capacity is going to be built in locations with cheap resources which are not necessarily next

to centres of demand. Additional transmission lines have to be built to transport electricity from areas with low
genaNJ A2y O2aida G2 FNBF&E 6A0GK KAIK RSYFIYyR® Ly DSNXIye
might play an important role in the future to balance supply and demand in continental Europe. They would
transport cheap electricity from wind farniis the North of Europe to centres of industrial demand in the South.

These corridors would relieve neighbouring countries of Germany that suffer from a technical challenge that
evolves because of market coupling: Loop flows. Theseleduled poweoccur lecause Germany and Austria

have a common market zone and trade electricity at the same price for all locations in these two countries.
Because of congestions in the transmission grid, the power flows take detours via neighbouring countries. Un-
scheduledlows from Germany remain a big concern for the Czech Republic as they risk the safe operation of its
transmission networks. Belgium infrastructure at the interconnection point includes phase shifters, which limit
the impact of loop flows which originate mdsequently from Germany and help to stabilize the grid in Belgium

8 For a literature review see Ofgem 20B#lding Zones Literature Review
9 PresidencyConclusions Barcelona European Council 15 and 16 March 2002
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and in the regionAlso, he Slovak transmission system is affected by the loop flows which are passed through
Poland into Czech Republic and Slovakia.

The main challenge in handling lodpvs is that their appearance is not limited to congestion situations. Elec-

tricity flows in accordance to physical laws and delivering electricity from one point to another in the network

does not necessarily follow the shortest physical path. Flows atghiited according to the susceptance struc-

GdzNB 2F GKS ySig2N)] o6Fa I+ YIyAaAFSadadraArzy 2F YANDKK2TTF
WAYO2KSNBYGQd Ly OFy 0SS aK2¢éy YIFGKSYLlF GAOI fissignlineg A G K 2y
to a meshed network will increase the flow in at least one existing transmission line so improving the network

may actually bring new congestions. There is a classic example in the United States where it was shown how the
commissioning of a lge 750 kV major transmission trunk from the Midwest to the North East caused a redistri-

bution of loopflows extending all the way down to the southern states, thousands of kilometres away, causing

new unexpected congestions in remote areas. The appearahtmmp flows was one of the main reasons why

the North American TSOs started to integrate themselves into larger and larger operating areas to become Re-
gional Transmission Operators (RTOs). By spreading the control of the network into larger areasvgdyel

come internalised to the own operations and the negative externalities are removed.

A parallel, somewhat less prominent, trend on the technical level is connecting islands to the European electricity
system. In August 2012, the Balearic Islands gigist system was connected to the Mainland system, enhancing

the security of supply in the islands. Greece is working on connecting the Cyclades to their mainland. A future
AYGSNOD2yySOGA2y LINR2SOG O tf SR & SazNi prajekt will hayed SapdD 2 vy SO
ity of 2,000 MW and interconnect the Cypriot, Israeli and thee&rgansmission networksA 225 MW high

voltage interconnection between Malta and Sicily is currently under construction.

Renewable energy sources are ofteonnected to the distribution grid. There is a need to operate systems at
distribution level, which has not been done in the past. Because of increasing shares of generation facilities on
distribution levels, there is a large number of pilot projectsdoa Y NIi INAR&E¢ 2y GKS RA &GN
subsystems, distribution grid operators get access to dispatchable supply, storage facilities or demand response
potential to balance demand and supply on the distribution grid level. They adapt elecitipiyy to large con-

sumers like warehouses to smoothen the variability of distributed generation like solar photovoltaics (PV) and

wind. These smart grid systems are sometimes regarded as starting points for a future decentral system of local
electricity pricing.

European level

Bidding
Zone review

Nodal One European
pricing price zone

Smart g
pnnection

pilot proje

National level
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The bidding zone review is started and procured on the European level. Instead of establishing bidding zones
along national borders, the idea is to create bidding zones according to grid congestions. Zonal pricing can be
seen as one step towards nodal fmig where marginal prices are determined for each node in the grid.

The market integration process shifts responsibility from the national level to the European level of decision
making. The concept of the European Union requires grid extension todteeitibmpetition on European level.

This system would be as close as possible to a copper plate in Europe, with one European price zone. On the
national level, there are initiatives to develop local smart grids that meet local challenges of system security.
Although funding is partially provided by European institutions, the design and the objectives of the projects are
determined on a national level. Creating local markets to use the benefits of smart grids on distribution level
decentralise the system. Senal national governments arranged investments in projects to connect remote is-
lands to the continental grid. Market actors on the demand and supply side in these formerly remote areas get
access to the European market and increase the competition indhapgan price zone.
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Challenge: Efficient investment in capacity

Access to electricity supply is a basic factor for economic action. National Governments and the European Com-
mission therefore seek to ensure adequate capacity for a secure supply at I Strategies vary largely across

EU Member States. While countries like France rely on nuclear power that requires high investment costs, but
produces electricity at low variable costs, other countries like the UK and Italy rely on gas power stations that
can be built fast and at low investment costs, but need expensive fossil fuel to generate electricity.

In theory, the wholesale market should provide adequate investment incentives to build generation capacity

FRRAGAZ2YAaD t26SN) SEOKAYSEEIILINBOYRGIGWKNEAYVEE LI26SNI IS

get the same price, which is equivalent to the costs of providing one additional unit of electricity. All power plants
that generate electricity at lower prices than the marginal priceneaoney to cover their investment costs or
gain a profit. All power plants that generate electricity at higher prices than the marginal price are not in the
market and do not earn money.

There is a central question in this market design: How do thoseSphiw LJt | yia GKI G aeéun GKS
money? They might regain their variable costs of electricity generation, but do not cover their investment costs,
i.e. they are not profitable and will leave the market. At the same time, there are extreméisitsén the power

ay

d2aiSY 6KSNB RSYFIYR 2F StSOGNROAGE YAIKG SEOSSR day2NJ
Go-dAPE O LI OAGe KFa G2 6S FAYIYOSR a2YSK2gd Ly f AGSNI

The missing wney problem is intensified by several technical characteristics of European electricity markets.
There are sources of electricity that produce electricity in disregard of market signals. Either they produce elec-
tricity without fuel costs or they are supped by additional payments that cover costs without additional in-
come from electricity markets. Both characteristics are applicable for wind turbines and PV systems that trans-
form wind speed and solar irradiation into electricity. They producmatginalcosts close to zerdrherefore,

they shift the merit order and increase competition for generators with high variable costs.

The implications on the current implementation of the European electricity market are important. In the short
run, the dayaheadclearing process is an adequate mechanism for the independent, mdrke&n minimisation

of the generating costs (although generators independently maximise profits) and the maximisation of the con-
sumer benefits. At the same time, the continued sham clearing process should at least in theory provide the
necessary longerm signals whereby investors make technology choices (and thus the incentive to innovate) for
investment on a certain amount of capacilfthere are distortions in the competition thugh payments outside

the marginal cost logic, these price signals might not suffice to trigger adequate investments to cover demand at
all times.

As will be seen in the next subsection, such systemic situation calls for the implementation of capatity me
nisms where generators receive a guaranteed income for the capacity made available to the Wéttk¢ihese
additional incomethe longterm capacity investment choices are no longer endogenous to the market. This
questions the logic and rationale beildi the dayahead market, which is supposed to provide these signals alone
in the first place.

Before the liberalisation of electricity markets, power plants were compensated based on their full costs, includ-
ing capacitycosts and variable costs. To ensure security of supply, some overcapacity was built up and financed
by the consumers. A national authority estimated the required capacity to meet peak demand and supported
investments if needed. After liberalisation, thetemt of overcapacity became obvious. Several power plants
were not able to recover costs of capital and closed down. Many additional power plants only cover their variable
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costs of electricity generation, but stay in the market because their capital eostalready written off their
books.

After liberalisation, new investments in thermal generation capacity were mainly channelled to power plants
with low investment costs like gas power stations (UK, Italy). The European Emission Trading ScHeR® (EU
raised costs for carbomtensive power plants like old coal power plants and incentivised low carbon sources of
electricity, mainly gas power plants.

At the same time, renewable energy generation capacity expanded rapidlijical and financial supporelped

to increase the generation capacity of these renewable energy sources rapidly. Governments seek to increase
the share of renewable energies in their national power mix in order to decrease greenhouse gas emission from
the power sector. But installains that generate electricity from renewable energy sources generally have higher
costs per unit of electricity than incumbent thermal power generators. A number of support schemes therefore
guarantee additional income for renewable energies: Either theeguments determined feedh tariffs or they
established quota systems that require suppliers to achieve a certain share of renewable in their power mix at
undetermined costs. In both cases, supply from renewable energies reacts to other incentives ittesnimpr
gK2t SartS YINJSGad wo{ FINE GKSNBF2NB 2FGSy O2yaAiRSNER
The additional generation from renewable energies affects the markets significantly. The renewable power re-
places supply from thermal power stations. Photovoltaicsehtineir highest peak in production around noon

and replace generation from peak load power stations that generate omlgyrtime. Wind turbines producat

anytime of the day. A wide range of studies have confirmed that wind power can provide a firmityagsue

of about 10% to 15% of its installed capacity. This capacity fAaeoreaseswith interconnection capacities. In

large market areas, local patterns in wind generation due to regional weather conditions are combined to more
stable generation piéerns of electricity generation from renewable energy sources.

Depending on demand patterns and existing thermal power capacity, this leads to different effects on market
prices:

1 If renewables generate at times of high demand, they replace peak powstspliee. flexible power
plants with high variable costs. The marginal price and therefore the price for electricity decreases and
therefore the income for all power plants in operation.

1 If renewables generate at times of low demand, they replace basepplants, i.e. less flexible power
plants with low variable costs. If there are not enough power plants to reduce their electricity genera-
tion or to shut down, the price for electricity can become negative. Power plants then pay for generating
electricity, i.e. for not ramping or shutting down.

In the financial crisis of 2008/09 the total European electricity demand declined sharply, especially in the indus-
ONRFE aSO02NOPNWSO2DSINE g @M RENBY R f SOSt a4 enéwablefgehg @ | 0 G
eration capacity in the power plant mix of Europe increased rapidly. Low demand and high shares of renewables
decreased the demand for thermal generation capacity. Prices at power exchanges decreased rapidly and only
slowly recovered. In 2011he number of oversupplied emission allowances became obvious, and prices-for EU

ETS certificates fekigure7 shows the development of monthly electricity baselgattesin regional electricity

markets of Central Western Europe (CWE), Central Eastern Europe (CEE), Scandinavia (Nordpool) and the UK.
Prices have been sharply declining in the economic crisis in 2009 and after a little recovery are declining in most
Euopean states since the beginning of 2012. The UK forms an exemption with relatively stable prices since 2010.

10 Milligan/Porter (2006)

Pagel7



®

Current trends in electricity market design tnwar'dsz I] 3 [I
120 €/MWh

110 €MWh 2 I\\

100 €/MWh

| A

90 €MwWh

80 €/MWh U & {"

70 €iMWh

?—-
s
-

60 €/MWh

AN A
50 €MwWh A N ﬂ IA\ PN .(-"/_‘\\’\/AVA\ /VJ\'
W) L N
30 EMWh /. -- S A | ST, b An V S ¥ S " O B, S T A
20 €Mwh U

10 €MwWh

0 €MWh

Platts PEP

CWE baseload

CEE-b load ipool -system

Figure7 Monthly electricity baseload prices in regional electricity markets CWE, CEE, Nordpool and the UK
(SourceMarket Observatory for Energy of the European Commission, 2015)

The effect of the different developments very much depends on the power plant fleet and interconnector capac-
ity. If a national power plant fleet has a high share of gas fired generation tapates are currently high in
comparison to countries with coslased or nuclear power generation capacity. Hydased power systems in
general have low prices (NordPool), but in times of droughts, price levels can increase shaiglseadsshows

for Spain. Tradediween systems equals out pridé@ferences depending on the level of interconnector capacity.

For this reason, average prices are high inlgesed sgtems with low interconnector capacity like the United
Kingdom, Ireland and Italy, while they are low in central European countries like Germany, Poland or Czech Re-
public that have high shares of coal and/or renewables in their power generation mix.
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Figue 8 Comparison of monthly electricity baseload prices in the regional electricity markets of Spain, Italy
and Greece (Source: Market Observatory for Energy of the European Commission, 2015)
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There are several reasons for deviativom this pattern. In France, for example, temperature plays a big role.

Cold years increase demand significantly because of electric heating. In hydro based systems like Spain or Roma-
nia, dry years come with higher prices. Both, temperature and precipitaibfluence the cooling of thermal

power stations, which became a problem in Poland in summer 2015

LYy @ASg 2F GKS WyrAaaAiy3d Y2ySeQ LINRBoO6fSY RSaOWRedSR | 62¢
thatthe longd SN &aSOdzNAG& 2F &adzllLX & o0aNBaz2dzNOS | RSljdzr Og¢v Y
related income for generators. Several governments consider to establish systems to compensate available
(standby) generation capacity to bavailable in times with extraordinary high peaks in demand or unforeseen

outages of other generation facilities. The European Commission distinguishes two main models of capacity
mechanisms: Targeted and markeide models'? They are further divided intobs categories: Tenders for new

capacity, reserves, capacity payments (targeted or mavkide), central buyers and deentral obligations. In

tender and central buyer schemes, adequate capacity is defined on a central lexelna obligations require

suppliers to back up their individual demand by capacity.

To encourage investments, the Belgian government has launched a call for tender for the construction of new
CCGT plants. The UK auctioned Contrixt®ifference for a nuclear power station androoduced a capacity
market. In France, a decree introducing a decentralised capacity obligation mechanism, involving both the de-
mand and the supply side, was approved in 2012. Poland is considering developing capacity market nieasures.
Italy, a capacitynarket mechanism is expected to substitute the existing temporary scheme of capacity payment.
According to the proposed scheme, the TSO will purchase guaranteed options from the generation companies
(physically backed call options) for the amounts requikeénsure system adequacy.

In Finland, the Capacity Reserves Act (117/2011) defines the legal basis for strategic reserves which are not al-
lowed to participate on the commercial market. Sweden introduced strategic capacity reserves in 2003 to meet
peaks in demand during winter. Theechanism will be gradually reduced until 2020 when the energy only mar-
ket is expected to be restored. To ensure the security of supply in the longer term, Sweden is investing heavily in
wind power generation. Wind power is one way of shifting the produrctireas to the southern parts of Sweden
where the consumption is high and decreasing the congestion on the grid. The aim of the German maintaining
reserve capacity is also to provide relief when critical situations arise in the transmission networksa# afr

the increase in energy from renewable sources and conventional plant shutdowns. In addition to this, TSOs can
use generation units nominated for decommissioning if they define these units as systemically relevant entities.
The owner of such resegwcapacities is then compensated for costs of keeping the unit available and generating
the required power.

Some countries do not consider capacity payments, especially net exporting countries like the Czech Republic,
Estonia or Bulgaria. The Czech gowsent only decided that no single source of energy provides for more than
65% of the totalln Portugal, capacity mechanisms were reduced and limited to hydro power plants during the
Financial Assistance Program.

The European Commission warns that badlyAdgsy’ SR & O K d0fder cor@@aat bils, miay undermine
investments in energy efficiency and new interconnectors, and impact our decarbonisation ‘@uliagacity
mechanisms need to be notified at European level and are subject to the Environmentghargly State Aid
Guidelines. The Commission makes clear that in order to qualify against the Guidelines, the mechanisms need to

11 Forum Analiz Energetrycznych (2015)
12European Commission (2016)
13COM(2014) 634 final
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¢ as minimal criterig be open for capacity outside of Member States and promote demand side solutions to the
same extent as geration solutions?

One important aspect about the governance of crbssder collaboration of capacity mechanisms arises in time

of actual need of the capacity in times of scarcity or emergency. The effectiveness of such mechanisms lies on
the firmness 6the obligation to make the capacity available to the counterpart across the border and how the
obligation is enforced in case of n@ompliance (possibly through penalties). This brings the issue of how the
priorities among vulnerable consumers shoulddedined.

The experiences of countries with high shares of variable renewables also led to changes in the support systems
for RES. Increasingly, support mechanisms take into account wholesale market price developmertspFeed

mium systemgeplace feedn tariffs to prevent negative prices. In fe@dpremium systems, renewables receive

a markup on wholesale market prices and have an incentive to shut down in times with negative prices.

On the European level, the European Commission explicitly callsdiee accountability of renewable energies

and at the same time for technology neutral support schemes. With the implementation of state aid guitfelines
for the energy sector, a system of notifications for faedariffs and feedin premiums was estabhed. After a

change in these guidelines in 2014, the EC requests for competitive support mechanisms. In the future, all sup-
port payments are expected to be open for competition. In many countries, auctions are considered to be the
suitable process to guanéee a competitive environmentigure9Error! Reference source not foungives an
overview of planned or recely implemented auction schemes for renewable energy support in Europe.

' Auctions planned or
recently implemented
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Source: Ecofys 2015

Figure9 Implemented or planned auction schemes for renewable energy support in Europe

14 COM(2014) 634 final
15 Guidelines on State aid for environmental protection and energy 2020(2014/C 200/01)
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Instead of designing new markets for capacity, grid extensions are also regarded as adequate measures to in-
crease security of supply. For exam@&TSEE predicts power imbalances in Denmark from winter 2016, mainly
caused by the ambitious targets for mmable energy. To maintain this high lewtbk national TS@&nerginet.dk

is extending its electricity infrastructure with the surrounding countries to avoid becoming dependent on the
capacity of a single country. In 2013, Energinet.dk and National Gnieldsa cooperation agreement to consider

the feasibility of an electricity interconnector between Denmark and the UK.

A number of projects in the Ten Year Network Development Plan are justified by increasing security of supply.
Similar to the Danish exar® the Bulgarian government envisages to increase the secofigupply in the
Burgas regioy the construction of two new 400kV substations and three 400kV lines in theNastern part

of Bulgarialnfrastructure investments under construction will significantly increase security of supply in Latvia,
in particular the third interconnector to Estonia. The NordBalt link and LitPol Link are contributing to a more
reliable electricity supply in Lithuania

The connection ofhe Balearic Islands electricity system to the Mainlagdtemin August 2012 was reasoned
to enhancethe security of supply in th8panish islands. The Greek independent power transmission operator
ADMIE announcetb enhance securitpf supply in the Aegean islands by an underwater interconnection.

Ancillary services stabilise the grid if physical delivery of electricity is not following the results of markets. They

often include a capacity component and are seen as an additionateafrincome for dispatchable power

LI Fydad . dzi GKSANI NE@SydzSa FNRBY al&nbngdarkes aré incseasinglya Y I NJ
opened for new actors from the demand side, and for aggregat@asdeliver capacity at lower costs

Thet is little or no opportunity for power plants to generate additional income on the distribution grid level. In

the future, local markets might offer additional revenues streams, e.g. via smart grids. In the current regulatory
system, grid expansion is seas the only way to facilitate security of supply at distribution grid level.

On national level, governments implement capacity payment schemes or decide for energy only markets, often
in combhation with strategic reserves. In most European Member States, the targeted volume or price for ca-
pacity is set centrally on a national level. France represents the only example of a planoedti@ capacity
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