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Abstract 

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 broadly. The 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 trends in addressing 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 companies to 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 generation facilities 

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 electricity 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 emergency back-up lines, they have not been taken into account for planning. 

European Member States liberalised electricity markets 

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 business and technological 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 liberalisation directive for 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 competition and guŀǊŀƴǘŜŜŘ ǘƘƛǊŘ ǇŀǊǘȅ ŀŎŎŜǎǎΦ ¢ƘŜ ŘƛǊŜŎǘƛǾŜ ǿŀǎ ǇǳōƭƛǎƘŜŘ ƛƴ мффс ŀƴŘ ǿŀǎ ŎŀƭƭŜŘ ǘƘŜ ΨCƛǊǎǘ 

9ƴŜǊƎȅ tŀŎƪŀƎŜΩ ŀƴŘ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ ƴŀǘƛƻƴŀƭ ƭŀǿ ǳƴǘƛƭ мффу ƛƴǘƻ ǿƘŀǘ ƛǎ ŎŀƭƭŜŘ ǘƘŜ ΨCƛǊǎǘ 9ƴŜǊƎȅ tŀŎƪŀƎŜΩΦ ¢Ƙƛǎ 

package gave way to the concept of Transmission System Operator (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 design in sight, was followed 

by a second liberalisation directive in 2003. The so-ŎŀƭƭŜŘ Ψ{ŜŎƻƴŘ 9ƴŜǊƎȅ tŀŎƪŀƎŜΩΣ ǿƘƛŎƘ ǿŀǎ ǘƻ ōŜ ƛƳǇƭŜƳŜƴǘŜŘ 

by 2007 (the so-ŎŀƭƭŜŘ Ψ{ŜŎƻƴŘ 9ƴŜǊƎȅ tŀŎƪŀƎŜΩύΦ ¢ƘŜ ǎŜŎƻƴŘ ŘƛǊŜŎǘƛǾŜ ŀƴŘ Ƴŀƛƴƭȅ ŀŦŦŜŎǘŜŘ ǘƘŜ ǊŜǘŀƛƭ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅΣ 

established seamless cross-border trade as one of the pillars for the development of an EU electricity market and 

ƳŀƴŘŀǘŜŘ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ǊŜƎǳƭŀǘƻǊȅ ŀǳǘƘƻǊƛǘƛŜǎΦ ¢ƘŜ ǘƘƛǊŘ ƭƛōŜǊŀƭƛǎŀǘƛƻƴ όΨŜƴŜǊƎȅΩύ ǇŀŎƪŀƎŜ ǿŀǎ 

published in 2007 and focused on unbundling formerly integrated energy companies.  



Current trends in electricity market design  
 

Page 5 

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

framework made up of common goals: the so-called 20-20-20 targets. In particular, this package institutionalised 

both, the collaboration among TSOs into ENTSO-E, and the cooperation of national regulatory authorities into 

ACER. The main objective was the creation of an EU-wide electricity market with two fundamental principles. 

First, the wholesale price for electricity is to be formed by emulating an EU-wide merit order natural to the tra-

ditional cost-minimisation dispatch 

characteristic of a former vertical dis-

patch. Second, electricity trade would 

be facilitated by implicitly allocating 

the available cross-border capacity in 

the price formation process. In this 

way, traders would not have to follow 

the mandatory two-step 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 the development of 

an EU-wide 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 anony-

mously matched with bids for de-

mand by price. In consequence, the 

electricity price at power exchanges is 

ŀ άƳŀǊƎƛƴŀƭέ ǇǊƛŎŜΦ Lǘ ǎƘƻǿǎ Ƙƻǿ 

much it costs to produce one more 

unit of electricity or how much the 

last buyer in the market was willing to 

pay for electricity at a specific point in 

ǘƛƳŜΦ Lƴ ǇŀǊŀƭƭŜƭ ōƛƭŀǘŜǊŀƭ ǘǊŀŘŜ όάƻǾŜǊ 

ǘƘŜ ŎƻǳƴǘŜǊ όh¢/ύέύΣ ŎƻƴǘǊŀŎǘƛƴƎ ǇŀǊπ

ties are negotiating freely. 

Competition was not only introduced in wholesale markets, but also 

in retail markets. Since 2007, all customers should be able to choose 

their electricity supplier. In several Eastern European countries like 

Bulgaria, there are still state owned single buyers for electricity that 

sell electricity at regulated prices for end suppliers. Several countries 

like Greece fully liberalised their retail markets, but the incumbent 

electricity company remains the dominant supplier. ACER publishes 

an overview of markets with price regulation in its monitoring re-

ports. Figure 1 shows the situation end of 2014. 

 

Figure 1: Price regulation in Europe, source ACER (2015) 
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Figure 2 Exchanges and other trading places for energy and related products in Europe (Source: EEX, 2014) 

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 principles 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 package. 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 still quite concentrated. Figure 3 shows 

the grade of concentration in the generation of electricity. Eurostat gives quantifications for market shares of 

the biggest generator in each country. 
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Figure 3 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. Market shares 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. 

Technical developments challenge the agreed market design 

A key element to the process of liberalisation is that the core structure of the EU-wide market was reached by 

consensus, which has given way in turn to a series of governance issues. 

First, maximising welfare via marginal pricing on European power exchanges hinges on the existence of a great 

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 

ǇǊƻŎŜǎǎ ƻŦ ǘƘŜ флΩǎΦ .ŀŎƪ ǘƘŜƴ, the expansion of the power system was dominated by gas-fired power plants with 

marginal costs determined by exogenous energy prices (oil and gas). These power plants were also modular, 

flexible and relatively fast to build and expand, and with almost no locational 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 order paradigm.  

The generating costs structure in a gas-fired dominated power system allows for planning day-ahead. This way 

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

ule with enough lead time for the commissioning of the start-up, shut-down 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 day-ahead timeframe. The electricity generation 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 how this 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 centrally for the 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 

EU-wide electricity market will remain open. This technical issue turns then into the governance issue. One pos-

ǎƛōƛƭƛǘȅ ŦƻǊ ǘƘŜ ōǊƛŘƎƛƴƎ ƻŦ ŀ ΨŦǳƭƭ 9ǳǊƻǇŜŀƴ ƳŀǊƪŜǘ ƭƻƻǇΩ ƛǎ ǘƻ ƻǇŜƴ ōŀƭŀƴŎƛƴƎ ŀŎǘƛƻƴǎ ǘƻ ŀƭƭ ¢{hǎ ŦƻǊ ŎǊƻǎǎ-border 

collaboration. This then brings about a governance issue since neither ENTSO-E nor ACER have the jurisdiction to 

ŜƴŀŎǘ ŀƴȅ ōŀƭŀƴŎƛƴƎ ŎƻŘŜǎΦ !ƴȅ ŀŎǘƛƻƴ ƛƴ ǘƘŜ ǎŜŀǊŎƘ ƻŦ ŀ Ψ9ǳǊƻǇŜŀƴƛȊŜŘΩ ōŀƭŀƴŎƛƴƎ όŀƴŘ ǘƘǳǎ ǘƘŜ Ŧǳƭƭ 9ǳǊƻǇŜŀƴƛπ

zation of the current market design) must be reached by consensus. 

This is only one example that reveals why it is important that market design goals, 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. 

 

Figure 4 Two dimensions of analysis 

We are at the crossroad of electricity market design 

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 of new market 

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 convincing long-term investment signals for investors 

is still unclear not because of 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 general (in contrast to the United 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 Council, which itself 

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 roadblock. Most European stakeholders agree that 

halting the progress made so far towards the 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. First, the Commis-

ǎƛƻƴ Ƙŀǎ ǘƘŜ Řǳǘȅ όŀƴŘ ŀƭǎƻ ǘƘŜ ǊƛƎƘǘύ ǘƻ ΨŜƴǎǳǊŜ ǘƘŜ ŎƻǊǊŜŎǘ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ¦ƴƛƻƴ ƭŀǿΩ ŀƴŘΣ ƻōǾƛƻǳǎƭȅΣ ƛǘ ŀƭǎƻ Ƙŀǎ 

legislative initiative. In addition, as the executive branch of the Union, the Commission has the right for direct 

inference on the Internal 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. 

AlthougƘ ǘƘŜǎŜ ŜȄŜŎǳǘƛǾŜ ǘƻƻƭǎ Řƻ ƴƻǘ ǇǊƻǾƛŘŜ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǇƻǿŜǊ ǘƻ ΨǇǳǎƘΩ ŦƻǊ ƴŜǿ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪǎΣ 

they are nonetheless an effective and viable instrument to enforce existing regulation and move forward towards 

the completion of a target model fit for renewables. 

Recognizing the need for action in view of the upcoming challenges towards the goal of developing a market fit 

ŦƻǊ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƎƻŀƭǎΣ ǘƘŜ /ƻƳƳƛǎǎƛƻƴ Ƙŀǎ ƭŀǳƴŎƘŜŘ ƛƴ нлмр ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ǘƘŜ ά9ƴŜǊƎȅ ¦ƴƛƻƴέ ǘŀŎƪƭƛƴƎ 

issues across the board which include retail and wholesale markets, further integration of renewable energy, the 

dismantling of non-market based support mechanisms for renewable energy, and the coordination of national 

capacity mechanisms (a market trend which will described below in detail). 

This process has started with a broad and far-reaching 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 seeks, among other important goals, to increase the power of ACER and distribution grid 

operators. Whether such a strategy may lead to a re-ŘŜŦƛƴƛǘƛƻƴ ƻŦ 9ǳǊƻǇŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǘŀǊƎŜǘ ƳƻŘŜƭ ƛǎ ƴƻǘ ǘƘŜ 

crucial point at this moment. What is perhaps more important ƛǎ ǘƘŀǘ ǎǳŎƘ ŀ ΨƴŜǿ ƳƻŘŜƭΩ ǿƛƭƭ ƭƛƪŜƭȅ ƛƴŎƻǊǇƻǊŀǘŜ 

provisions with regards to two widely recognized challenges: the need for flexibility in the short-run and the need 

for investment signals in the long-term as a guarantee for capacity adequacy. Several market design 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 Europe, trading of electricity was fragmented into so-called bid-

ŘƛƴƎ ȊƻƴŜǎΣ ǿƘƛŎƘ ŀǊŜ άnetwork areas within which market participants can offer energy ς in the day-ahead, 

intraday and longer-term market time frames ς without having to acquire transmission capacity to conclude their 

trades.έ1 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, Sweden, Denmark and Italy 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 

ƻŦ άǊŜ-ŘƛǎǇŀǘŎƘέΦ Lƴ ǘƘƛǎ ǎȅǎǘŜƳΣ ǘƘŜ ŜƭŜŎǘǊƛŎity price does not reflect technical limitations. Instead, 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 (see Figure 5).  

 

Figure 5 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 

costs ς which is not necessarily close to centres of demand.  

Recent developments: market integration 

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 also countries. 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 the European Network of Transmission System Operators for Electricity (Entso-e) http://networkcodes.en-
tsoe.eu/category/bidding-zones/?p=capacity-alloc-congestion-management 
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Already in 2004, Spain and Portugal 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 these coupled 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 higher in one market than in the other if 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 2011 the European 

/ƻǳƴŎƛƭ ŦƻǊƳǳƭŀǘŜŘ ǘƘŜ ŀƛƳ ǘƻ ƘŀǾŜ ŀ 9ǳǊƻǇŜŀƴ ƳŀǊƪŜǘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŀǘ ǘƘŜ ŜƴŘ ƻŦ нлмпΦ Lƴ ǘƘƛǎ άǘŀǊƎŜǘ ƳƻŘŜƭέ 

of an integrated European electricity market, physical interconnector capacity is used in the most efficient way 

by coupling the markets and establish one single algorithm to calculate prices. With the Third Energy Market 

Package2 the integration of markets took up pace.    

In September 2012, the Czech-Slovak-Hungarian market coupling became operational. In March 2013, the three 

Baltic StaǘŜǎΩ ¢{hǎ ς [ƛǘƎǊƛŘ ό[ƛǘƘǳŀƴƛŀύΣ !ǳƎǎǘǎǇǊƛŜƎǳƳŀ¢ơƪƭǎ ό[ŀǘǾƛŀύ ŀƴŘ 9ƭŜǊƛƴƎ ό9ǎǘƻƴƛŀύ ς signed an agreement 

on the principles of calculation and allocation of the crossborder capacity within the Baltic States and with third 

countries. In July 2013, the Czech Republic, 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 day-ahead markets 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 North-Western European Market. 

The current day-ahead coupling directly and indirectly includes the markets of almost 22 countries (see Figure 

6). According to the EC, a similar system for cross-border intraday trading is a priority for the coming years.3  

 

Figure 6 Countries involved in the Day-Ahead Market Coupling (own representation based on ACER 2014 and 
ENTSO-E 2014 

                                                                 
2 Directive 2009/72, Regulation (EC) No 714/2009; Regulation (EC) No 713/2009, Directive 2009/28/EC  

3 COM(2015) 340 final 

*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

North -West Europe since Feb 4th 2014 *

South -West Europe since May 13 2014 **

4Markets since Nov 19 2014 ***

Northern Italian borders since Feb 24 2015
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The integration 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 on financial 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 municipalities explicitly 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 account regional differences of electricity generation costs. In 

several countries, supply of electricity increasingly concentrates in locations away from centres of demand. 

Trends in the governance perspective: interaction of policies 

Market integration increases 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 control. Despite 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 countries. They pub-

lish common declarations4, or plan grid developments internationally (BritNed, NorNed, North Sea Supergrid). 

Some countries already import large amounts of electricity from their neighbouring markets. Luxembourg is the 

country with highest imports rate: 57% of the electricity to cover national consumption from 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, would like to establish a nuclear-free power supply, but shares one market with Ger-

many that has eight operating nuclear power stations. In summer 2013, the Austrian government has 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. 

¢ƘŜ 9/ ǇǊŜǎǎŜǎ ŦƻǊ ŦǳǊǘƘŜǊ ƳŀǊƪŜǘ ƛƴǘŜƎǊŀǘƛƻƴΦ Lǘ ǎǘŀǘŜǎ ǘƘŀǘ άwholesale electricity price zones should also reflect 

where there is transmission capacity and not simpƭȅ ǘƘŜ ōƻǊŘŜǊǎ ƻŦ aŜƳōŜǊ {ǘŀǘŜǎέΦ5 Article 101 and 102 of the 

Treaty on the Functioning 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 process. In 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 country. With the support of European industry association ENTSO-E, the European Agency for the Cooper-

ation of Energy Regulators (ACER) launched a bidding zone review process.6 Instead of splitting markets by bor-

ders, the institutions suggest splits along congestions 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 the two countries as network 

congestions persist inside of Germany and subsequently between the two countries.7  

                                                                 
4 Joint Declaration for Regional Cooperation on Security of Electricity Supply in the Framework of the Internal Energy Market 

5 COM(2015) 340 final 

6 Entso-e 2014 Technical report: Bidding Zones Review Process; Acer 2014 Report on the influence of existing bidding zones 
on electricity markets 

7 https://www.cleanenergywire.org/news/grid-authority-considers-split-austrian-german-electricity-market 
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The current Flow-Based representation of the grid in the PCR day-ahead market mechanism accounts for the 

ŜȄƛǎǘŜƴŎŜ ƻŦ ΨƛƴǘŜǊƴŀƭΩ ŎƻƴƎŜǎǘƛƻƴǎ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ΨŎǊƛǘƛŎŀƭ ōǊŀƴŎƘŜǎΩ ǿƘƛŎƘ ŀǊŜ ƳŀƧƻǊ ƛƴǘŜǊƴŀƭ ǘǊŀƴǎƳƛǎπ

sion trunks (not necessarily interconnections) that are often congested in the market clearing. Although internal 

to the corresponding country, critical branches, when congested in the market do 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 investment signals.8 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.  

Technical perspective: extension of transmission capacity 

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 ƛƴǘŜǊŎƻƴƴŜŎǘƻǊ ŎŀǇŀŎƛǘȅ ōŜǘǿŜŜƴ ŎƻǳƴǘǊƛŜǎΦ ¢ƘŜ ά.ŀǊŎŜƭƻƴŀ ǘŀǊƎŜǘέ9 states that Mem-

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 Member States. ENTSO-9 ǇǳōƭƛǎƘŜǎ ŀ ȅŜŀǊƭȅ ά¢Ŝƴ ¸ŜŀǊǎ bŜǘπ

ǿƻǊƪ 5ŜǾŜƭƻǇƳŜƴǘ tƭŀƴέ ǘƘŀǘ ǘŀƪŜǎ ŀŎŎƻǳƴǘ ƻŦ ŀƭƭ ǇƭŀƴƴŜŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ƎǊƛŘ ŜȄǘŜƴǎƛƻƴǎΦ  

Building of new interconnection capacity on the transmission level is financially supported. Under the guidelines 

for tǊŀƴǎ9ǳǊƻǇŜŀƴ ŜƴŜǊƎȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǘƘŜ 9ǳǊƻǇŜŀƴ 9ƴŜǊƎȅ tǊƻƎǊŀƳƳŜ ŦƻǊ wŜŎƻǾŜǊȅ ŦǳƴŘǎ άǇǊƻƧŜŎǘǎ ƻŦ ŎƻƳπ

Ƴƻƴ ƛƴǘŜǊŜǎǘέΦ 9ȄŀƳǇƭŜǎ ŀǊŜ ǘƘŜ bƻǊŘ.ŀƭǘ ǇǊƻƧŜŎǘΣ ŀƴŘ ǘƘŜ рлл a² 9ƛǊDǊƛŘ 9ŀǎǘ-West electricity interconnector 

to the UK that began full commercial operation in 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.  

¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ Ǉƭŀƴǎ ǘƻ ŜǎǘŀōƭƛǎƘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ άǎǳǇŜǊƎǊƛŘέ ǎȅǎǘem to facilitate further exchange of electricity 

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) and Norway, as well as 

several offshore wind farms in the sea.  

The dispersion of demand and supply within one bidding zone is increasingly mentioned in the reasoning for 

national grid extension on the transmission grid. If the market price is calculated for a bigger region (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 

geneǊŀǘƛƻƴ Ŏƻǎǘǎ ǘƻ ŀǊŜŀǎ ǿƛǘƘ ƘƛƎƘ ŘŜƳŀƴŘΦ Lƴ DŜǊƳŀƴȅΣ ŦƻǳǊ άŎƻǊǊƛŘƻǊǎέ ƻŦ ŘƛǊŜŎǘ ŎǳǊǊŜƴǘ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎ 

might play an important role in the future to balance supply and demand in continental Europe. They would 

transport cheap electricity from wind farms in 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. These unscheduled power occur because 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-

scheduled flows 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 most frequently from Germany and help to stabilize the grid in Belgium 

                                                                 
8 For a literature review see Ofgem 2014 Bidding Zones Literature Review 

9 Presidency Conclusions Barcelona European Council 15 and 16 March 2002 
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and in the region. Also, the Slovak transmission system is affected by the loop flows which are passed through 

Poland into Czech Republic and Slovakia. 

The main challenge in handling loop flows 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 are distributed according to the susceptance struc-

ǘǳǊŜ ƻŦ ǘƘŜ ƴŜǘǿƻǊƪ όŀǎ ŀ ƳŀƴƛŦŜǎǘŀǘƛƻƴ ƻŦ YƛǊŎƘƘƻŦŦΩǎ ƭŀǿ ƻŦ ǾƻƭǘŀƎŜǎύΦ Lƴ ŀŘŘƛǘƛƻƴΣ ŀƭƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ƎǊƛŘǎ ŀǊŜ 

ΨƛƴŎƻƘŜǊŜƴǘΩΦ Lƴ Ŏŀƴ ōŜ ǎƘƻǿƴ ƳŀǘƘŜƳŀǘƛŎŀƭƭȅ όǿƛǘƘ ƻƴƭȅ ŀ ŦŜǿ ŜȄŎŜǇǘƛƻƴǎύΣ ǘƘŀǘ ŀŘŘƛƴƎ ŀ ƴŜǿ ǘǊŀƴǎƳission line 

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 large 750 kV major transmission trunk from the Midwest to the North East caused a redistri-

bution of loop-flows extending all the way down to the southern states, thousands of kilometres away, causing 

new unexpected congestions in remote areas. The appearance of loop 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 areas loop flows be-

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 electricity 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 

ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ǇǊƻƧŜŎǘ ŎŀƭƭŜŘ ά9ǳǊƻŀǎƛŀ LƴǘŜǊŎƻƴƴŜŎǘƻǊέ ƛǎ ƛƴ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ ǇƘŀse. The project will have a capac-

ity of 2,000 MW and interconnect the Cypriot, Israeli and the Greek transmission networks. A 225 MW high 

voltage interconnection between Malta and Sicily is currently under construction.   

Renewable energy sources are often connected 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 projects for άǎƳŀǊǘ ƎǊƛŘǎέ ƻƴ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƭŜǾŜƭΦ Lƴ ǘƘŜǎŜ 

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 electricity supply 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.  

General trend to ensure efficient operation of generation capacity 
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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 pricing 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 to facilitate competition 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. Several 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 in the European 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 low costs. 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 

ŀŘŘƛǘƛƻƴǎΦ tƻǿŜǊ ŜȄŎƘŀƴƎŜǎ ǇǊƻǾƛŘŜ άƳŀǊƎƛƴŀƭ ǇǊƛŎŜǎέΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ŀƭƭ ǇƻǿŜǊ ƎŜƴŜǊŀǘƻǊǎ ǘƘŀǘ ŘŜƭƛǾŜǊ ŜƭŜŎǘǊƛŎƛǘȅ 

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 price earn money 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 those powŜǊ Ǉƭŀƴǘǎ ǘƘŀǘ ǎŜǘ ǘƘŜ άƳŀǊƎƛƴŀƭ ǇǊƛŎŜέ earn 

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 extreme situations in the power 

ǎȅǎǘŜƳ ǿƘŜǊŜ ŘŜƳŀƴŘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƳƛƎƘǘ ŜȄŎŜŜŘ άƴƻǊƳŀƭέ ƭŜǾŜƭǎ ŀƴŘ ǊŜǉǳƛǊŜ ŀŘŘƛǘƛƻƴŀƭ ǎǳǇǇƭȅ ŎŀǇŀŎƛǘȅΦ ¢Ƙƛǎ 

άōŀŎƪ-ǳǇέ ŎŀǇŀŎƛǘȅ Ƙŀǎ ǘƻ ōŜ ŦƛƴŀƴŎŜŘ ǎƻƳŜƘƻǿΦ Lƴ ƭƛǘŜǊŀǘǳǊŜΣ ǘƘƛǎ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άƳƛǎǎƛƴƎ ƳƻƴŜȅ ǇǊƻōƭŜƳέΦ  

The missing money 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 supported 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 produce at marginal costs close to zero. Therefore, 

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 day-ahead clearing process is an adequate mechanism for the independent, market-driven minimisation 

of the generating costs (although generators independently maximise profits) and the maximisation of the con-

sumer benefits. At the same time, the continued short-run clearing process should at least in theory provide the 

necessary long-term signals whereby investors make technology choices (and thus the incentive to innovate) for 

investment on a certain amount of capacity. If there are distortions in the competition through 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 capacity mecha-

nisms where generators receive a guaranteed income for the capacity made available to the market. With these 

additional income, the long-term capacity investment choices are no longer endogenous to the market. This 

questions the logic and rationale behind the day-ahead market, which is supposed to provide these signals alone 

in the first place. 

Recent developments: overcapacity 

Before the liberalisation of electricity markets, power plants were compensated based on their full costs, includ-

ing capacity costs 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, the extent 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 costs are already 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 Scheme (EU-ETS) 

raised costs for carbon-intensive 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 rapidly. Political and financial support helped 

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 installations 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 the governments determined feed-in 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 than prices in 

ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘǎΦ w9{ ŀǊŜ ǘƘŜǊŜŦƻǊŜ ƻŦǘŜƴ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ άƻǳǘ ƻŦ ǘƘŜ ƳŀǊƪŜǘέΦ 

The additional generation from renewable energies affects the markets significantly. The renewable power re-

places supply from thermal power stations. Photovoltaics have their highest peak in production around noon 

and replace generation from peak load power stations that generate only in day time. Wind turbines produce at 

any time of the day. A wide range of studies have confirmed that wind power can provide a firm capacity value 

of about 10% to 15% of its installed capacity. This capacity factor10 increases with interconnection capacities. In 

large market areas, local patterns in wind generation due to regional weather conditions are combined to more 

stable generation patterns of electricity generation from renewable energy sources.  

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

prices: 

¶ If renewables generate at times of high demand, they replace peak power plants, i.e. 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.  

¶ If renewables generate at times of low demand, they replace base power plants, 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-

ǘǊƛŀƭ ǎŜŎǘƻǊΦ wŜŎƻǾŜǊȅ ƻŦ ΨǇǊŜ-ŎǊƛǎƛǎΩ ǇƻǿŜǊ ŘŜƳŀƴŘ ƭŜǾŜƭǎ ƛǎ ǎƭƻǿΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ǘƘŜ ǎƘŀǊŜ ƻŦ Ǌenewable gen-

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 2011, the number of oversupplied emission allowances became obvious, and prices for EU-

ETS certificates fell. Figure 7 shows the development of monthly electricity baseload prices in 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 

European states since the beginning of 2012. The UK forms an exemption with relatively stable prices since 2010. 

                                                                 
10 Milligan/Porter (2006) 
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Figure 7 Monthly electricity baseload prices in regional electricity markets CWE, CEE, Nordpool and the UK 
(Source: Market 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 capacity, prices are currently high in 

comparison to countries with coal-based or nuclear power generation capacity. Hydro-based power systems in 

general have low prices (NordPool), but in times of droughts, price levels can increase sharply as Figure 8 shows 

for Spain. Trade between systems equals out price differences depending on the level of interconnector capacity. 

For this reason, average prices are high in gas-based systems 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. 

 

Figure 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 deviation from 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 precipitation influence the cooling of thermal 

power stations, which became a problem in Poland in summer 201511. 

Trends in governance perspective: capacity payments 

Lƴ ǾƛŜǿ ƻŦ ǘƘŜ ΨƳƛǎǎƛƴƎ ƳƻƴŜȅΩ ǇǊƻōƭŜƳ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΣ ǎŜǾŜǊŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ƻŦ aŜƳōŜǊ {ǘŀǘŜǎ ŀǊŜ ŎƻƴŎerned 

that the long-ǘŜǊƳ ǎŜŎǳǊƛǘȅ ƻŦ ǎǳǇǇƭȅ όάǊŜǎƻǳǊŎŜ ŀŘŜǉǳŀŎȅέύ Ƴŀȅ ƴƻǘ ōŜ ƎǳŀǊŀƴǘŜŜŘ ǿƛǘƘƻǳǘ ƻǘƘŜǊ ǘƘŀƴ ŜƴŜǊƎȅ-

related income for generators. Several governments consider to establish systems to compensate available 

(stand-by) generation capacity to be available 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 market-wide models.12 They are further divided into six categories: Tenders for new 

capacity, reserves, capacity payments (targeted or market-wide), central buyers and de-central obligations. In 

tender and central buyer schemes, adequate capacity is defined on a central level. De-central 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 Contracts for Difference for a nuclear power station and introduced 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 measures. In 

Italy, a capacity market 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 required to ensure 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. The mechanism 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 production areas 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 network as a result of 

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 reserve capacities 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 government only decided that no single source of energy provides for more than 

65% of the total. In Portugal, capacity mechanisms were reduced and limited to hydro power plants during the 

Financial Assistance Program. 

The European Commission warns that badly desƛƎƴŜŘ ǎŎƘŜƳŜǎ ŎƻǳƭŘ άburden consumer bills, may undermine 

investments in energy efficiency and new interconnectors, and impact our decarbonisation policyέΦ13 Capacity 

mechanisms need to be notified at European level and are subject to the Environmental and Energy State Aid 

Guidelines. The Commission makes clear that in order to qualify against the Guidelines, the mechanisms need to 

                                                                 
11 Forum Analiz Energetrycznych (2015) 

12 European Commission (2016) 

13 COM(2014) 634 final 
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ς as minimal criteria ς be open for capacity outside of Member States and promote demand side solutions to the 

same extent as generation solutions.14 

One important aspect about the governance of cross-border 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 of the obligation to make the capacity available to the counterpart across the border and how the 

obligation is enforced in case of non-compliance (possibly through penalties). This brings the issue of how the 

priorities among vulnerable consumers should be defined. 

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 developments. Feed-in pre-

mium systems replace feed-in tariffs to prevent negative prices. In feed-in premium systems, renewables receive 

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

On the European level, the European Commission explicitly calls for more accountability of renewable energies 

and at the same time for technology neutral support schemes. With the implementation of state aid guidelines15 

for the energy sector, a system of notifications for feed-in tariffs and feed-in premiums was established. 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 guarantee a competitive environment. Figure 9Error! Reference source not found. gives an 

overview of planned or recently implemented auction schemes for renewable energy support in Europe. 

 

Figure 9 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 2014 ς 2020 (2014/C 200/01) 
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Trends in technical perspective: interregional power exchange 

Instead of designing new markets for capacity, grid extensions are also regarded as adequate measures to in-

crease security of supply. For example, ENTSO-E predicts power imbalances in Denmark from winter 2016, mainly 

caused by the ambitious targets for renewable energy. To maintain this high level, the national TSO Energinet.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 Grid signed a 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 example, the Bulgarian government envisages to increase the security of supply in the 

Burgas region by the construction of two new 400kV substations and three 400kV lines in the North-Eastern part 

of Bulgaria. Infrastructure 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 of the Balearic Islands electricity system to the Mainland system in August 2012 was reasoned 

to enhance the security of supply in the Spanish islands. The Greek independent power transmission operator 

ADMIE announced to enhance security of 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 additional source of income for dispatchable power 

ǇƭŀƴǘǎΦ .ǳǘ ǘƘŜƛǊ ǊŜǾŜƴǳŜǎ ŦǊƻƳ ǘƘŜǎŜ άōŀƭŀƴŎƛƴƎ ƳŀǊƪŜǘǎέ ŀǊŜ ŀƭǎƻ ƛƴ ŘŀƴƎŜǊΦ .alancing markets are increasingly 

opened for new actors from the demand side, and for aggregators that deliver capacity at lower costs.  

There 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 seen as the only way to facilitate security of supply at distribution grid level.  

General trends to ensure efficient investment in capacity 

 

 

On national level, governments implement capacity payment schemes or decide for energy only markets, often 

in combination 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 planned de-central capacity 


