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Abstract 

The electricity market integration in Europe and Switzerland causes markets to exchange more and 

more electricity over borders whenever price differences exist and cross-border capacities are availa-

ble. Recently, this increase in international electricity flows caused the emergence of bottlenecks at 

several national borders. Cross-border capacity auctions were introduced allowing a fair, non-

discriminatory allocation between all market participants. The objective of this thesis is to analyse 

these cross-border capacity auctions and to show how they will develop in the future. Focussing on 

auctions between Switzerland and its neighbours, first the functioning of the auctions and the already 

realized auction prices are analysed and explained. In a second step, these insights are used as a basis 

to simulate the current situation in the concerned electricity markets. By the use of scenarios, several 

possible future developments in each of the markets are created, which are used to simulate cross-

border transactions and the resulting capacity auction prices. This thesis allows to better understand 

the functioning of cross-border capacity auctions and what the basic drivers behind the realized auc-

tion prices are. Furthermore, the scenario-based outlook gives the possibility to comprehend possible 

changes in cross-border capacity auctions when electricity offer and demand change. 
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1 Introduction 

1.1 Alignment of the European electricity market for future challenges 

Continuously growing energy demand, global warming, the increasing scarcity of pivotal resources and the 

recent nuclear disaster in Japan are only a few of many dynamic challenges which will have a lasting impact on 

the future European electricity market. New solutions and structures have been initiated, of which particularly 

the following three will have a substantial impact on the future European electricity market. 

1.1.1 Liberalisation of the European electricity market 

“The Member States of the EU have agreed on an ambitious plan of building the biggest market of electricity, 

connecting more than 500 million consumers throughout the continent.” (European Comission, 2011 ) 

This first sentence on the European commission for electricity homepage summarizes one of the main market 

restructuring projects that have been initiated with the creation of the European Union (EU) in 1993. The re-

structuring aims at a fully integrated electricity market on a European level in which the current state-controlled 

national electricity markets shall be opened to competition. However, the implementation is a still on-going 

process with many challenges ahead. Still, figure 1 proves that the electricity market integration in Europe is 

underway: Electricity exports and imports between EU15 member states have increased by more than 80% 

(imports: more than 70%) since 1990 (Eurostat, 2011).  

 

Figure 1: Electricity exports and imports between EU 15 members between 1990 and 2010 
Source: (Eurostat, 2011) 

1.1.2 EU 20-20-20 targets 

A further initiative shaping the future energy and electricity markets in Europe are the EU 20-20-20 targets 

which are part of the European growth strategy for 2020. For that year, Europe requires its members to lower 

greenhouse gas emissions by 20% compared to 1990 reduce energy consumption by 20% through efficiency 

gains and have a share of 20% of renewables in final energy consumption (European Comission, 2011 b). Tak-

ing a look at current statistics, the EU27 member states seem to be on track. In 2009, greenhouse gas emissions 

were at 83% compared to the index year 1990, the share of renewables increased to 10.3% in 2009 and on av-

erage, 165 tons of oil equivalent (TOE) were consumed  in 2009 per 1,000 € of GDP compared to 209 TOE in 

1995 (-21%) (Eurostat, 2011).  

 -

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

 22

 24

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

Th
o

u
sa

n
d

 G
W

h
 

EU 15 Exports EU 15 Imports



Introduction 

2 

1.1.3 Political reactions in the aftermath of the nuclear disaster in Japan 

The recent catastrophe in the Japanese nuclear power plant Fukushima had a direct impact on the future de-

velopment of the European Electricity market. The EU announced stress tests for all nuclear power plants in 

the EU and the second biggest electricity producer Germany decided to immediately shut down seven of its 

nuclear power plants. Italy, which was on the way to re-enter nuclear electricity production, voted against the 

comeback of nuclear power and prolonged the nuclear moratorium. Shortly after, Switzerland decided to exit 

nuclear electricity production step by step within the next ten years. These decisions forced the governments to 

find alternative sources providing the same quality of electricity without hindering the ambitious EU 20-20-20 

targets (Lenzin, 2011; Bloomberg, 2011; Bundesumweltministerium, 2011). 

1.2 Research Goal and Question 

Why do cross-border transactions play such an important role in this development? Based on historical rea-

sons, countries focussed on being self-reliant rendering the continuous expansion of cross-border transfer ca-

pacities unimportant. The opening of the market and the thereby caused increase of cross-border flows 

changed the situation. Cross-border transfers allow imports in case of undersupply and exports in case of over-

capacities and thereby contribute to increased market efficiency and price convergence. All of the sudden, these 

underdeveloped capacities became a crucial success factor for the continuation of the market integration. Al-

ready today, the current capacities are insufficient to serve the increasing demand: bottlenecks occur at several 

borders. The structural changes caused by the nuclear exit and the ambitions towards a greener Europe further 

change the electricity market: Whereas electricity used to be produced by a few big centralized plants, there is 

now a clear trend towards many small, decentralized plants which are scattered all over Europe and require 

electricity transfer across the continent. 

This thesis focuses on analysing cross-border electricity transfers and the associated cross-border auctions 

mechanisms used to manage bottlenecks. To further narrow down the focus, only cross-border transactions 

between Switzerland and its neighbours are analysed. The questions this thesis aims to answer are: 

1. Considering the expected structural changes, how will cross-border transactions at the Swiss border have 

evolved by 2020? 

2. What are the consequences of these changes on the realized cross-border auction prices? 

1.3 Superstructure 

Chapter two builds the necessary theoretical basis with an introduction to the special characteristics of electric-

ity and an overview of the key steps of the electricity market liberalization in the EU and Switzerland. Addi-

tionally, the legal basis for the introduction of cross-border auctions in Europe is explained. Finally, the cur-

rently used approaches to face the cross-border bottleneck problem in Europe are explained. 

In chapter three, the current cross-border auctions at the Swiss borders are analysed. The basic functioning, 

offered capacities and realized prices since 2007 between Switzerland and its neighbours are illustrated and 

described. This is the first building block of the later developed model. 

Based on the collected information, a bottom-up model is built in chapter four used to simulate the current 

market situation in Switzerland and its neighbours. The model is then used to simulate the basic functioning of 

the markets in 2010 and the resulting cross-border electricity transfers and auction prices. 

The two questions will be answered in chapter five. The effects of the changing future market environment 

are simulated. By the use of scenarios, several possible developments in the concerned markets are built and 

used to analyse their effect on cross-border transactions and the resulting auction prices. 

Finally, chapter six provides a conclusion and summary of the found results. Furthermore, it critically chal-

lenges them. 



Theoretical Background 

3 

2 Theoretical Background 

2.1 Specificity of Electricity 

The European electricity markets liberalisation was initiated to profit from the commonly known advantages: 

The liberalisation was expected to push suppliers to increase their efficiencies and lower electricity prices. Then, 

the open market was expected to lead to better; more efficient network investment decisions and, as customers 

would be free to choose their providers, customer service would be improved (Bodmer & Borner, 2001, p. 16). 

However, electricity markets differ from other markets due to several special characteristics and a successful 

liberation can only be reached if they are accommodated. This is also the reason why many debates exist in in 

which the it is questioned whether the liberalisation of the electricity market creates more advantages than dis-

advantages for the end-consumer. 

2.1.1 Special characteristics of the electricity market 

Compared to other markets, the different stages of the value-added chain in the electricity market are highly 

independent. The following four stages are necessary to provide a market with electricity:  

1. The first stage is the production of electricity, which represents the process of transforming any form of 

energy into electricity. This is done by electricity suppliers which own a broad portfolio of power plants 

based on different technologies such as nuclear, fossil-based or renewables. 

2. The produced electricity is bundled and transformed into high-voltage electricity. Via high-voltage trans-

mission grids, the network operator transfers the electricity market-wide. Big industrial customers often 

have direct access to these transmission grids due to their high electricity demand.  

3. On the other end of the transmission grid are several regional distributors that transform the electricity 

back to medium- and low-voltage, before it is distributed to individual customers.  

4. Finally, trading and sales of electricity is done independently of the ownership of electricity production 

facilities and network infrastructure. However, due to the special physical characteristics of electricity (c.f. 

chapter 2.1.2), all these stages are interlinked and directly affect each other. 

The main difference to other markets stems from the special role of the grid operator (2nd stage). Due to the 

wide range of tasks connected to high sunk costs and realizable scale effects, he is in the position of a natural 

monopoly. His main tasks include the construction, maintenance and improvement of the high voltage grid, 

providing enough capacity to handle extreme peak loads, though these loads are only rarely required. Then, he 

is responsible for the system operation, ensuring that offer and demand are always equal and that the tension in 

the network is always within the same bandwidth. An over- or undersupply of electricity would cause an imme-

diate blackout. Finally, he is in charge of allocating the incurred fixed and variable costs to the network users. 

Before the market liberalization, the tasks of the grid operator were covered by vertically integrated electricity 

providers. Since the market liberalization this task has to be fulfilled by an independent body, as vertically inte-

grated players could take advantage and hinder potential competitors to enter the market and/or dictate prices 

(Zurkinden, 2009, pp. 12-15). 

2.1.2 Special characteristics of electricity  

Besides the high market integration and the necessary network operator regulation, special economic and phys-

ical characteristics of the good electricity render the successful market liberalisation considerably more difficult. 

From an economic point of view, the following points have to be taken into account: 

 Electricity is a central economic good for any developed economy. Electricity undersupply, unstable elec-

tricity flows or non-supply of certain parts of a country have a direct negative effect on growth; decreasing 

wealth and competitiveness of the country. 
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 Due to considerable day to day fluctuations in electricity demand, electricity providers have to install over-

capacities, even if they are rarely required. The result are high, mostly unprofitable fixed investments are 

the result (Bodmer & Borner, 2001). 

 Despite the fact that electricity is considered as a homogenous good, one kilowatt-hour (kWh) of electricity 

is not always equal and exchangeable. The value of one kWh differs depending on when this kWh is avail-

able: One kilowatt of electricity at 3am in the morning is a bad substitute for one kW at a peak time such as 

noon (Schwarz, 2002).  

On the other hand, there are also special physical properties of electricity that need to be considered: 

 So far, no technology exists that allows the storage of bigger amounts of electricity in an economically 

efficient way. Even though electricity could be transformed into other forms of energy to make it storable; 

the costs and efficiency losses that are connected to this process make it economically unviable (Kasperk, 

1997, p. 99).  

 Consequently, offer and demand in the electricity market always have to match. The produced electricity 

always has to find a taker as all participants are connected to the same network. Overproduction would 

cause the network to collapse.  

 Electricity is network-bound; the transport of electricity always requires the adequate network infrastruc-

ture and all market participants requiring electricity must have access to the network. This creates a strong 

interdependence between all market participants, as any disturbance within the grid has a direct negative 

impact on all participants. Additionally, increasing resistance causes increasing losses the more the 

transport distances increases. (Schwarz, 2002, p. 19).  

 Finally, electricity always follows the path of smallest resistance. Thus, network installations of several op-

erators are in use when electricity is transferred from one point to another. The flow cannot be controlled 

nor is it possible to determine exactly to which degree each installation has been used, making it impossible 

to exactly define which operators have to be remunerated for the use of their grid (Zurkinden, 2009, p. 15). 

2.2 Offer and demand in electricity markets 

2.2.1 Properties of electricity demand  

The daily demand for electricity is highly volatile. At night, it is at the lowest level, as electricity is only used for 

street illumination and industrial production sites running 24 hours. This demand level is defined as the base 

load, which has to be provided every day during 24 hours. Demand reaches its first daily peak in the morning, 

where people get up, prepare and use public transports to reach their jobs. The demand stays at a high level 

and reaches a further peak around midday, caused by the lunch break. The third daily peak is in the evening, 

where people move back home, cook, use electric devices and illuminate their homes. The need for electricity 

exceeding the already provided base load is defined as peak load and is mainly required between 8am and 8pm. 

These definitions (base- and peak-load electricity) are also used for financial products on electricity offered for 

example at the European Electricity Exchange (EEX). Besides the described daily fluctuations, there are also 

seasonal differences. While in summer, the peak in the evening is less pronounced due to longer daylight and 

higher temperatures, the evening peak in winter is higher and longer. The demand level in winter is generally 

higher due to the additional electricity needed for heating and illumination. Finally, the demand for electricity 

on weekends differs from the demand during working days. 

To illustrate these daily fluctuations figures 2 & 3 show an overview of the average hourly load values in Ger-

many in 2010. 
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Figure 2: Average hourly load values (in MW) summer 2010 Germany 

Source: (ENTSO-E, 2011) 

 
Figure 3: Average hourly load values (in MW) winter 2010 Germany 

Source: (ENTSO-E, 2011) 

2.2.2 Properties of electricity supply 

From an economical perspective, a power plant is used as long as its marginal cost (i.e. extra variable costs for 

producing one extra MWh) is below the realizable market price. In this case, a positive profit contribution for 

the financing of the fixed costs1 is realized. As marginal costs differ depending on which technology is used to 

produce electricity, the demand level “defines” which technologies can be used. Theoretically, each electricity 

provider sorts his power plants ascending by its individual marginal cost and launches them as soon as the 

electricity price in the market is equal or above the marginal cost of the plant. Therefore, the market price for 

electricity is given by the last power plant, which marginal costs are still below or at the market price. While the 

marginal power plant produces electricity at the cost equal to the market price, all plants with lower marginal 

costs achieve a positive profit contributions. Power plants with higher marginal costs stay switched-off (Roon 

& Huck, 2010). Figure 4 illustrates the ascending marginal cost (y-axis) per technology and the installed capaci-

ty (x-axis) for the French market. This graphical illustration of the market supply of electricity is called merit 

order. Depending on the hourly load value (electricity demand), it defines which technology is the marginal and 

electricity price-defining technology at a certain hour.  

Another important characteristic of power plants is the rate of efficiency at which electricity is produced. With-

in the same technology, efficiency rates vary depending on the age of the plant. With technological progress, 

efficiency increases, making modern power plants producing at a lower marginal cost compared to older ones. 

                                       
1 Capital costs and production independent maintenance and operating costs 
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For example, a black coal power plant build in the 70ties is less efficient and thus requires more black coal to 

produce the same amount of electricity (Roon & Huck, 2010). 

 

 
Figure 4: Merit order France 2008 

Source: (République Française, Energie et climat, 2008) 

Nuclear-based technologies are typical base load electricity contributors. Once launched, these technologies 

have very low marginal costs. Consequently, they are used to produce around the clock (24/7) and have a high 

contribution margin, which is necessary to finance the fixed costs2. Technologies that are based on coal are 

mainly providing medium load electricity. Finally, peak load technologies are mainly represented by combined 

cycle gas plants (CCG), oil-based plants and gas turbines. These technologies have very high marginal costs but 

are very flexible and thus the optimal solution to cover peak loads (occurring only a few hours a day). While 

CCG plants are often in use, oil-based power plants and gas turbines are rather a buffer for extreme demand 

situations. Hydro-based power plants have the big advantage of very low marginal costs combined with high 

flexibility. Therefore, this technology is placed even before nuclear power; however, besides providing based 

load electricity they can also be used to cover sudden peak loads as water in reservoirs can be used whenever 

necessary. 

Electricity produced by new renewables such as wind or solar power has very low marginal costs, guaranteeing 

that the produced electricity is used (far left in the merit order). Furthermore, current governmental supportive 

measures require the network operator to always accept these feeds. However, as a result of the stochastic 

characteristic, they cannot be used systematically. To accommodate these special characteristics in models, the 

yearly average feed of new renewables is not added to the merit order but theoretically deducted from the de-

mand load curve, as if overall demand would decrease (Meister, 2008, p. 16; Roon & Huck, 2010, p. 3). The 

same approach will be used for the construction of the bottom up model.  

                                       
2 initial investment, capital costs and maintenance 
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2.3 Market Liberalisation in Europe and Switzerland 

The aim of this chapter is give an overview of the latest legal developments in the European Union (EU) and 

Switzerland regarding the opening of the electricity markets, which was the main driver for the emergence of 

cross-border electricity auctions. The focus solely lays on the liberalisation of the electricity market; thus ex-

cluding simultaneous changes of the gas markets. As the former European Community (EC)3 and its follower 

the EU initiated the electricity market liberalization, its milestones are described first. In a second part, the 

progress of the electricity market liberalization in Switzerland is described.  

2.3.1 Electricity market liberalization in the European Union 

Since its creation, the European electricity sector was in public hands and thus not subject to competition. On 

the one hand, this structure was based on the traditional monopolistic structure of the electricity industry, on 

the other hand, secure electricity supply was seen early on as a governmental task. In most European countries, 

only a single energy company was legally given the duty to cover the entire domestic electricity demand 

(Balthasar, 2007, p. 3). Only in the nineties, the concept of open markets favouring lower prices through better 

resource allocation and improved performance was adopted on a European level (Weber, 1998, p. 918). How-

ever, the cornerstone for the liberalization of the electricity markets in the EC was laid already in 1986, where 

the idea to create a domestic market for energy was first pronounced. A first working paper, discussing the 

liberalization, was published later in 1988, which was the base for the 1992 directive (Schwarz, 2002, S. 12). 

Yet, the community lacked the necessary legal framework which would have allowed it to take the necessary 

steps towards the electricity market liberalization. Only with the foundation of the EU in 1993 was the Com-

munity legally empowered to launch the integration of the energy sector (Mihaylova, 2009, p. 5). The liberaliza-

tion has been enforced through the three so-called electricity directives.  

2.3.1.1 First electricity directive 

The first electricity directive 96/92/EG on common rules for the internal market in electricity was decreed in 

November 1996 and came in to force by the end of December 1996. Containing rules for the generation, 

transmission and distribution of electricity, the Directive strived for the creation of an internal, open market 

(Energy Community, 2010). Bodmer sees this first trial towards an integrated electricity market as a minimal 

compromise between the member states, as it required only little harmonisation between all members and was 

very tolerant with the rapidity of market opening (Bodmer & Borner, 2002, p. 77). On the Energy Community 

website, it reads that “the minimum target for the opening of the market was set equal to 30% of the consump-

tion in 2000” (Energy Community, 2010). The most important changes deployed by the directive: 

 The member states had to ensure the theoretical “unbundling” of electricity generation, production and 

distribution activities. I.e., vertically integrated energy companies who were electricity generators, producers 

and suppliers at the same time had to separate the internal accounts for each activity and prepare separate 

balance sheets including profit and loss accounts. The directive required it to “avoid discrimination, cross-

subsidization and distortion of competition” (Art. 14f 96/92/EC) but also to prepare the monopolistic en-

ergy companies for the upcoming legal separation.  

 As grid owners held a dominant position because of their natural monopoly4, the treaty introduced three 

procedures to guarantee non-discriminatory grid access for third parties (“third party access”, TPA): The 

regulated third party access regime (rTPA), the negotiated third party access regime (nTPA) and the single 

                                       
3 The term European Community (EC) was the result of the merger of the three communities European Coal and Steal 
Community, European Economic Community and European Atomic Energy Community, which was effective with the 
Merger Treaty of 1957. With the creation of the European Union (EU) through the Maastricht Treaty (1992), the Europe-
an Economic Community was changed into European Community and became one of the EU‟s three pillars which were 
abolished in 2009 to become one (Mihaylova, 2009 p. 5). 
4 Due to the high concentration in the energy sector, economies of scale, which implied high fixed costs compared to low 
variable costs, caused natural monopolies, making it almost impossible for new players to enter the market.  
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buyer model. Under the rTPA regime, access tariffs to transmission and distribution systems would be set 

by the regulator, applicable to all eligible customers. In the nTPA system, consumers and producers would 

get the right to negotiate the tariff with the grid owner, requiring that the grid operator publishes average 

access prices of the past year as a reference (Boisseleau & Roggenkamp, 2005, p. 9). The third model has 

rarely been implemented so far and would allow end-users to arbitrage between their supplier and other 

EU suppliers (IEA, 1999, p. 34) 

 The directive included a phased, partial opening of the electricity markets to end-users. All end-users with 

consumption larger than 100 GWh could freely choose their provider by 1999 (within the EU). For all oth-

ers, a decreasing threshold of minimum required opening was defined: 40 GWh by 1999, 20 GWh by 2000 

and 9 GWh by 2003 (Art. 19 96/92/EC). 

 Two options were given to each member state to promote competition in the field of electricity generation. 

Option one would allow interested companies to follow an open and impartial authorization procedure 

created by the member state, which decides whether the candidate is allowed to build its unit effectively. 

The second option would require the member states to designate an independent authority which would 

define the need for new investments and solicit tenders, which would then be assessed by an impartial pro-

cedure (Boisseleau & Roggenkamp, 2005, p. 8). 

 The last important point was the introduction of an independent national authority designated by the 

member state. As with the market opening the amount of players and potential disputes increases, its mis-

sion is to settle disputes relating to contracts, negotiations and especially to react on refusals of access or 

purchase. In case of cross-border disputes, the authority covering the system of the refusing buyer or sys-

tem operator refusing access is in charge (Art. 20f 96/92/EC). 

2.3.1.2 Second electricity directive 

Due to the sluggish development of the market liberalization, the second directive 2003/54/EC was decreed, 

repealing the first. It contained a tight timetable, requesting the opening of the electricity market for all com-

mercial end-users by the 1st July 2004 and the full opening for all households by the 1st July 2007 (Art. 21 

2003/54/EC). Furthermore, it introduced the rTPA as the only possible grid access regime, as the offer of 

three choices in the first directive was counterproductive. The unbundling was pushed to the next level, trans-

mission system operators (TSO) had to be unbundled and become legally independent companies by the 1st 

July 2004, distribution system operators (DSO) by the 1st July 2007 (Boisseleau & Roggenkamp, 2005, p. 8). 

Still, there was the possibility to keep them in one holding structure, given that there is no insider information-

sharing between them (Chinese walls). Finally, a further regulator should be appointed in every state in addition 

to the already requested dispute settlement authority, monitoring the supply and demand balance as well as the 

construction and maintenance of the national grid (Art. 23 2003/54/EC). 

Simultaneously to the second electricity directive, a first regulation regarding cross-border electricity trades was 

decreed (Reg. 1228/2003). The content and impact of this regulation is described in chapter 2.5, where the 

building blocks for cross-border electricity auctions is looked at in more detail. 

2.3.1.3 Third electricity directive 

By the time the deadline for the full opening of the electricity market was reached (1st July 2007), most mem-

ber states were in trouble to implement the rules of the first two directives. Already in 2004, twenty member 

states were facing the opening of infringement procedures, as they failed to meet the deadlines of the “quite 

ambitious” second directive (SEC(2007) 1179, 2007, p. 9).  

A report by the Commission of the European Communities (European Commission) analysing the impact of 

the first two directives came to the conclusion that the intended liberalization did not take place, naming three 

major reasons: 
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1. The going of the unbundling was unsatisfying. The control over the transmission systems was still in the 

hands of the existing players. Non-discriminatory third-party access was not given, as new players were still 

hindered through high entry barriers, such as unfair entry fees. The in the second directive integrated 

backdoor allowing unbundled companies to be possessed by their former owner through a holding struc-

ture created advantages for the existing players, as insider information and cross-subsidies5 were still possi-

ble. 

2. The impact of the market liberalization on the existing electricity transmission infrastructure was underes-

timated. Changing from a highly concentrated nationwide sector with a few big producers into a European-

wide system with many small decentralized producers requires a robust network to deal with frequent and 

stronger supply fluctuations. However, the at the time prevalent natural monopoly lead to negligence of 

grid maintenance and development, as “congestion revenues” were a welcome side effect. 

3. There was a lack of coordination between the national energy network operators, especially regarding 

common standards, balancing rules and congestion management, causing cross-border trading to remain 

insignificant (SEC(2007) 1179, 2007, pp. 14-15).  

The commission thus opted for a full unbundling of companies which were at the same time electricity genera-

tors and network operators, as intended in the second directive. However, the backdoor should be closed ban-

ning the possibility to keep both process steps within one holding structure. Those companies still owning 

energy producers and network operators would have to sell their shares. For individual investors the shares 

would be split, so that each share would be replaced by two new shares, one for the generator company, the 

other for the network operator. Thereby, minority stakes in both companies would still be possible, as long as 

they are non-controlling (EurActiv.com, 2007).  

The report and its concluding solution caused a lot of controversy within the EU. Especially the unbundling of 

the large energy companies was no longer supported by concerned member states (e.g. France with EDF, 

Germany with E.ON and RWE). They created an alternative report guaranteeing similar results without the 

separation of the energy generation and transmission businesses. They argued that the total unbundling would 

put the energy supply security at danger as the regulated companies would no longer have enough investment 

power to guarantee the reliability of the grid (EurActiv.com, 2008). 

As a compromise, the commission proposed a second package of proposals in September 2007 including an 

alternative option, taking the position of the opponents into account. This second option, gave companies who 

were involved in energy production and supply the possibility to keep their network assets, given that they have 

no more control over how these assets are managed. Investments and commercial decisions would be under 

the control of an independent system operator (ISO) which would be designated by the member state after the 

European Commission had given its approval that a sufficient level of independence was ensured 

(EurActiv.com, 2009b). 

Besides the unbundling discussion, the package also included new directives for the national regulators. Firstly, 

the regulator should get more industry influence through the possibility to impose penalties on incompliant 

companies; secondly the regulator would get full authority over its budgets emphasizing its independence and 

thirdly, the regulator is forced to co-operate with other national regulators through a binding requirement. Fur-

thermore, the package envisages the creation of a new institution called European Network for Transmission 

System Operators (ENTSO) that should ensure a better co-operation between the national transmission system 

operators (TSOs), harmonize grid access standards and guarantee proper network planning and investments. 

Finally, a new European agency should be created enhancing cross-border regulatory cooperation which inter-

venes in the event that national regulators fail to cooperate effectively (EurActiv.com, 2009a). 

                                       
5 Even though monetary cross-subsidies within the holding would have been detected; cross subsidies without cash flows 
can be realized by the fact that the monopoly revenues of the network operator boost the ratings for the entire holding, 
causing lower credit costs for all other subsidiaries. 



Theoretical Background 

10 

Negotiations following the new proposal showed that most member states did not accept the new unbundling 

option. Instead, they offered a third option which was based on the former option with the difference that the 

companies may retain commercial and investment decisions, while the daily management of the grid would 

have to be done by an independent operator.  

In the light of the mandate soon coming to a term, this third version of the new directive was finally accepted 

by the European Parliament in March 2009. Its impact is far away from the ambitious initial approach of full 

unbundling. In fact, as all three proposed options of unbundling are included, member states have the free 

choice to what degree their market shall be liberated. Critics argue that this agreement testifies that "energy 

oligopolies still have most EU governments and energy ministers in their pockets" and that a fourth energy 

package will have to be discussed soon as this last directive did not change the situation  (EurActiv.com, 

2009b).  

2.3.2 Electricity market liberalization in Switzerland 

At the end of the nineteenth century, paper and textile manufactories began to produce and use electricity in 

Switzerland through hydro power. By the time area-wide coverage became possible, the country-wide need for 

electricity rose quickly and caused cantons and communities to buy the so far private electricity stations, as they 

were not supplying the remote, uneconomical parts of Switzerland. Soon, around 80% of all electricity suppli-

ers were in public hand. This development was further backed by legal protection of electricity supply, because 

security of supply was not seen compatible with the private sector and the open market. 

Due to the political peculiarities of the Swiss confederation, the structure of the electricity market before the 

beginning of the liberalisation was a lot more complex compared to the markets within the EU. Electricity 

generation and distribution happened on three levels, the syndicate, the cantonal and the communal level. The 

syndicate level6 consisted of cross-cantonal power suppliers which were owned by syndicates of electricity pro-

ducers. Before the liberalisation, there were seven companies7 on the syndicate level, producing their electricity 

through subsidiaries and/or partnership plants8 and by importing electricity over long-term delivery contracts 

from abroad. They owned the transmission grids directly or through subsidiaries and delivered electricity to 

cantons, communities and end-users. On the cantonal level, there were around 30 power plants and regional 

electricity suppliers whose field of activity was limited to the cantonal boarders (with some exceptions). They 

delivered electricity to cantons, communities and end-users and owned stakes in companies on the syndicate 

level. Finally, there were around 800 communal electricity suppliers which served local end-users with electrici-

ty produced by own power plants or by cantonal suppliers (Balthasar, 2007, pp. 4-8). 

The liberalisation of the Swiss electricity market was launched in 1997 and can be seen as a direct reaction on 

the initiated changes in the EU (Frey, 2010, p. 25; Zurkinden, 2009, p. 23). Switzerland had to react; its supply 

security was and still is decisively enhanced by the possibility of cross border exchanges. Furthermore, without 

any adjustment, the EU would have had to by-pass Switzerland, endangering its central hub function and with 

it a lucrative business (Energieforum Schweiz, 2003, pp. 56-58)  

The federal council of Switzerland (federal council) commissioned the federal office for energy9 to prepare a 

proposal for the electricity market legislation10 which should adjust the legal framework to the at the time on-

going changes in the EU (Kriesi, Frey, Milic, & Rüegg, 2003, p. 22). Three major arguments were mentioned 

for this change: Firstly, Switzerland is, with a cross-border electricity export rate over 50% of its domestic con-

                                       
6 German: Verbundsebene 
7 Aare-Tessin AG (Atel), BKW FMB Energie AG (BKW), Centralschweizerische Kraftwerke AG (CKW), Elektrizitätsge-
sellschaft Laufenburg AG (EGL), Energie Ouest Suisse SA (EOS), Elektrizitätswerk der Stadt Zürich (EWZ), Nordost-
schweizerische Kraftwerke AG (NOK) 
8 Partnerships between several private and/or public companies to finance big scale power plants and dams. 
9 German: Bundesamt für Energie (BfE) 
10 Elektrizitätsmarktgesetz (EMG) 
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sumption11 an important electricity hub within Europe; secondly, the opening of the market would permit the 

Swiss industries to work under the same conditions as its European competitors. Thirdly, an integrated market 

would enable macroeconomic efficiency improvements, which would improve the competitiveness of Switzer-

land as a business location (Botschaft EMG, 1999, p. 7374). The proposal envisioned a regulated non-

discriminatory grid access for electricity producers, deliverers and later also end-users. It was adopted by the 

majority of the Swiss legislature in December 200012; however, it was denied by popular vote in September 

2002 with a marginal majority of 52.5% (Balthasar, 2007, pp. 13-14; BFE, 2009b). 

Subsequently, a commission of experts was mandated to analyse the reasons for the denial and to elaborate a 

new proposal, which should also include the changes that have happened since the denial. First and foremost, a 

judgement of the Federal Court of Switzerland acclaimed the right of non-discriminatory grid access for third 

parties based on anti-trust law (BGE, 2003); secondly, continuously increasing cross-border transactions and 

the blackout in Italy in 2003 proved the necessity for improvements in electricity supply security. Lastly, the 

second EU electricity directive had even accelerated the integration of the electricity market, urging a reaction 

from the Swiss state (Botschaft StromVG, 2004, p. 1612). The new proposal13 was again adopted by the vast 

majority of the Swiss legislature and was designed not to be subject to direct popular vote. Instead, the possibil-

ity for a facultative referendum existed. The Swiss population did however not use this referendum and the law 

became binding in 2008 (BFE, 2009a). 

The modifications imposed by the new law were very close to those introduced by the EU electricity directives. 

The main differences were in the speed and degree of market liberalisation as well as in the unbundling of the 

distribution grids. While the EU required a market opening by the 1st June 2004 for end users with a consump-

tion higher than 100 MWh/y respectively 1st July 2007 for those with a consumption below 100 MWh/y, Swit-

zerland required the liberalization for consumers of 100 MWh/y and more by the 1st of January 2009. Smaller 

end consumers will only have free choice by 2013. Finally, while the EU requires the unbundling of transmis-

sion and distribution grids for distributors with more than 100,000 end-users (Art. 15 (d) 2003/54/EC), Swiss 

regulation requires only the unbundling of the transmission girds. This has mainly to do with the fact that there 

are only very few distributers that have more than 100,000 end users in Switzerland (Botschaft StromVG, 2004, 

p. 1680). 

2.3.2.1 The new electricity supply law in detail 

The aim of the new law is to introduce competition in the electricity market without putting the supply securi-

ty14 or the basic service15 at danger. It will be implemented stepwise: in a first step, the market is partly opened 

for end users of 100 MWh/y or more. All users of less than 100 MWh/y (small end users) will continue to be 

served by their local energy supplier. Yet, electricity suppliers for small end users have to publish their electrici-

ty prices and keep them stable for at least one year. In a second step, the market will be fully opened in 2014 

through a federal convention resolution, which is subject to the facultative referendum. This means that the 

federal convention may decide not to fully open the market. In this case, the first step would not be cancelled. 

If the full opening is decided, small end users have the periodical choice whether to stay with their local suppli-

ers or to use the grid access and to source electricity from another supplier. Every supplier has to publish its 

prices and inform about the price mix, i.e., break the price down into grid usage, energy delivery and subsidies16 

(Art. 1-7 StromVG, 2008).  

                                       
11 Highest rate within Europe at that time 
12 National Assebmly and Conucil of States 
13 Stromversorgungsgesetz (StromVG) 
14 The law defines that supply security (German: Versorgungssicherheit) is given when the requested amount of energy with 
required quality is available at anytime, anywhere in the whole grid at adequate prices. 
15 The law defines basic service (German: Grundversorgung) as the right of access to the electricity grid for end users at ade-
quate prices 
16 Such as subsidies for the promotion of renewable energy 
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A crucial point of the new law is that non-discriminatory grid access is guaranteed to third party users: Network 

operators have to give access to their grid to anyone if they have free capacities and the secure grid operation is 

not put at danger (Art. 13 StromVG, 2008). Furthermore, the law requires that by 2013, the current network 

operators have to hand over their grids to a newly created national network operator that will take over the 

responsibility for the operation of the whole Swiss grid from that year on. The Swissgrid AG represents this 

national operator and has already been created in 2006. This has already been done with the creation of 

Swissgrid. The majority of the new company‟s capital is held by the cantons and communities. To keep its in-

dependence, Swissgrid is not allowed to become active in the field of electricity supply, distribution or dealing 

nor is he allowed to own stakes in companies that are active in these fields. Its main task is to guarantee a non-

discriminatory, reliable and efficient operation of the grid. Additionally, it is responsible to design and operate a 

procedure to allocate the cross-border capacities together with the foreign TSOs. Finally, Swissgrid is a mem-

ber of the Union for the Coordination of Transmission of Electricity (UCTE), which coordinates the operation 

and development of the European electricity transmission grid and defines the technical standards for the op-

eration of the grids (Art. 18-20 StromVG, 2008).  

Moreover, the new law requires an independent regulator called Elektrizitätskommission (ElCom) which is elected 

by the federal council, controlling the compliance of all players with the new law and mediating in case of dif-

ferences between them regarding grid access, grid usage, grid fees and tariffs for end users. Finally, the ElCom 

has to monitor the nationwide electricity supply and elaborate proposals in case of a considerable future supply 

gaps in the mid- or long-term (Art. 21-22 StromVG, 2008). 

Finally, renewable energies17 and energy efficiency shall be boosted by the new bill. Considering the scarcity of 

limited resources and the dependence on foreign countries, the aim is to increase the yearly production of re-

newable energies in 2030 at least by 5,400 GWh compared to 200018 and to stabilize the consumption of end 

users in 2030 on the level of the private end user consumption in 200819. The grid operator is obliged to accept 

electricity from renewable sources and has to pay the current market price for it. The costs to accept electricity 

from renewable sources can be transferred to the end users (Art. 1, 5 & 7 EnG, 1998). 

2.3.2.2 Current situation 

Since the 1st of January 2009, the electricity market is open for end users that consume more than 100‟000 

MWh/y. However, only a few users have actually changed to a European electricity supplier. As the new law 

requires that all Swiss electricity suppliers have to offer a choice between the former pricing model, where the 

price is equal to the production costs and the market pricing model, where the price reflects the current supply 

and demand situation in the market, only a few users are opting for the second option, as market prices are 

much higher. In fact, Swiss electricity prices have always been lower over the last ten years compared to Eu-

rope, where market prices are applied, because the current electricity production infrastructure is fully amor-

tised, resulting in very low costs. There are even consumers who have changed to the open market option that 

went to court to force the return to the former system because of the higher costs (Scruzzi, 2010a). Recently, 

their claim has been accepted by the federal court of justice, allowing them to return to the old system of cost-

based pricing and putting further liberalization on hold (Scruzzi, Strommarktliberalisierung als Rohrkrepierer, 

2011). 

The change in law in 2009 caused an unexpected overall increase in electricity prices. Surprised by the increase, 

the federal council interfered together with the ElCom by forcing the electricity producers to lower their prices 

by 40% in March 2009. However, the interference was declared illegitimate by the federal administrative court 

                                       
17 Hydro power, solar power, wind power, geothermal power, ambient heat and energy from biomass (Art. 4 lit. c 
StromVG, 2008). 
18 In 2000, 38„756 GWh were produced out of renewable energies, of which 2.2% were other than hydro power. The aim 
is thus to produce at least around 44„156 GWh out of renewable energies by 2030 (Bundesamt für Energie BFE, 2000).  
19 Swiss households consumed 17,9 TWh in 2008, representing 30,5% of the total consumption (Bundesamt für Energie 
BFE, 2008). 
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in July 2010 (BFE, 2009a). According to Rohrbach, the situation of the last ten years created a wrong percep-

tion: Prices in Switzerland were unreasonably low due to the imposed pricing model at production costs and 

did not reflect the true market conditions. These conditions were taken for granted and the recent increases 

caused outrage and a desire to return to the insular market. However, in the long term the market liberalisation 

is the only solution to guarantee supply security in the changing environment (Rohrbach, 2010; Scruzzi, Der 

Strommarkt - Moritz Leuenbergers schwierigstes Erbe, 2010b). 

The outcome of the liberalisation is still open. The unanticipated results of the partial market opening caused 

the federal council to prepare a revision of the new law, which will be discussed the first time in parliament in 

2011. The aim is to revise the law and implement it together with the second liberalisation step in 2014.  

2.4 European cross-border congestion management 

The liberalization of the electricity markets in the EU and Switzerland fundamentally changed cross-border 

electricity transactions. Long-term delivery contracts have been and still are replaced bit by bit by the non-

discriminatory auctioning of transmission rights. This chapter first summarizes the main reasons for the in-

crease of cross-border congestions and explains why auctioning became the predominant mechanism for allo-

cating transmission rights. In the second part, an overview of the existing cross-border auctions mechanisms 

within Europe is given.  

2.5 Reasons for the increase of cross-border congestions 

The increase of cross-border congestions was mainly due to limited cross-border transmission capacities and 

increasing cross-border electricity trading activities, partly triggered by the market liberalization. Tillwicks and 

Vanzetta further mention the following reasons: In recent years, the liberalization caused an optimization of 

European and Swiss power plants by producing at better efficiency rates and exporting the resulting overpro-

duction respectively importing the electricity gap. Also, several European countries decided to give up their 

self-reliance in electricity supply and cut their overproduction back, making them more dependent on cross-

border imports. The recent transfer capacity extension from Switzerland to Italy aggravated the bottleneck at 

the northern border further: the northern producers have a comprehensible incentive to export a maximum of 

their low-cost electricity to the Italian market, where prices are much higher. Finally, the emerging feed of wind 

energy causes irregular amounts of electricity to be processed. As the current grid was designed for constant 

electricity flows, congestions arise at bottlenecks, whenever peak flows are fed into the grid (Tillwicks, 2005; 

Vanzetta, 2005).  

2.6 Emergence of cross-border auctions 

The changing European regulatory framework resulted in the requirement of auctions as only non-

discriminatory, market based allocation system. Two regulatory changes triggered this requirement. 

Regulation (EC) 1228/03 was enacted by the European Union in July 2003 and aimed at intensifying cross-

border electricity trading within the EU. It was based on the foregoing guidelines already released in 2000 by 

the European Electricity Regulatory Forum in Florence (Forum Florence, 2000, p. 4 ff.). The regulation con-

tains a clarification of two important aspects of cross-border trading which were by then not treated in the first 

two electricity directives. Firstly, it regulates the network access for cross-border exchanges, defining that TSOs 

must be compensated for hosting cross-border flows and that these compensations need to be non-

discriminatory and transparent tariffs, reflecting payments and receipts between the TSOs (Art. 3-5, Regulation 

(EC) 1228/03). Secondly, it defines that in case of network congestions, the allocation of transmission rights 

has to be addressed with non-discriminatory, market based solutions. The method applied has to be general, so 

that all single contracts of the participants are treated equally. Finally, unused capacities have to be offered to 

the market again (Art. 6, Regulation (EC) 1228/03). The regulation does however not define which form of 

allocation methods is appropriate. This was clarified with the new guidelines that were reviewed by the Euro-
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pean Regulator‟s Group for Electricity and Gas (ERGEG) during the Forum Florence, where it was defined 

that only explicit and implicit Auctions are appropriate. 

Despite the fact that the regulation introduced the requirement for non-discriminatory, market based solutions 

for the allocation of cross-border capacities, existing long-term contracts were not touched. It was only men-

tioned that these contracts would not have any pre-emption rights once coming to a term (Annexe, Regulation 

(EC) 1228/03). The situation changed however after a ruling of the European Court of Justice on the 7th June 

2005 (C-17/03), where the court interpreted that articles 7 para. 5 and 16 of the first electricity directive, both 

defining that non-discriminatory criteria for the distribution of access rights have to be applied, did not only 

include technical rules but any form of discrimination (PWC, no date). The ruling implied that the preferential 

allocation of transmission capacities through long-term contracts is not non-discriminatory. Thus, all existing 

long-term contracts within the EU were suddenly discriminatory and had to be replaced. The only exception is 

Switzerland, as it is not part of the EU. Due to its important status as an European electricity hub and its inter-

est to collaborate with the EU in the electricity market liberalisation, it entered negotiations with its neighbour-

ing countries to establish cross-border auctions. Still, the collaboration was based on the condition that Swit-

zerland may preserve the existing bilateral long-term contract with France, which makes up roughly 60% of the 

total amount of imported electricity (Hansen, 2005).  

2.7 European transmission capacity allocation methods 

2.7.1 Explicit auctioning 

The most common approach to solve cross-border congestions is the explicit auctioning of the available 

transmission capacities (i.e. volumes that can be safely made available to the network users). The available 

transmission capacity is auctioned separately and independently from the electricity marketplaces such as the 

EEX (Nordpool Spot, no date). An independent auction office first determines the available capacity based on 

the foreseen network conditions and communicates it to all network participants. Interested participants can 

than make their bids. For example, participants interested in day ahead auctioning submit their required 

amount of transmission capacity for every hour of the coming day including the price they are willing to pay 

for it. The offers are then sorted by decreasing price and the available capacity is allocated accordingly. Finally, 

the schedule for the coming day is published (Consentec & Frontier Economics , 2004 pp. 23-24). 

The disadvantage of this relatively simple approach is its independence from the actual electricity auctions cre-

ating information asymmetries, as electricity buyers do not know if they are able to transfer electricity over the 

border when they buy it. This creates inefficiencies in the utilization of the available capacities, causing reduced 

social welfare, less price convergence and more frequent adverse flows (Nordpool Spot, no date). 

The simplicity of this method made almost all countries with long-term contracts to apply this process after the 

2005 ruling of the European Court of Justice. While in 2004, there were still a lot of discriminatory allocation 

methods in use (e.g. first-come first serve allocation between France and Spain as well as between France and 

the Benelux countries); by 2007 all European members applied the explicit auctioning for congestion manage-

ment, except those who used even more advanced methods (see implicit auctioning). The long-term contract 

between France and Switzerland is the only remaining long-term contract.  

2.7.2 Implicit auctioning 

Implicit auctioning requires that the price for both, electricity and cross-border transmission capacity are de-

termined through one and the same auction at a single market place. It includes two methods, market splitting 

and market coupling. 
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2.7.2.1 Market splitting 

This method requires that one single power exchange is responsible for the auctioning between several re-

gions/countries. First, the power exchange gathers all hourly bids for electricity to build the one day-ahead 

electricity price for each hour in each region/market. When there are price differences between two regions, it 

is in charge of carrying out the necessary cross-border transactions to level out the differences. For example, if 

the bids for 1 pm of the coming day in country A create a lower price for electricity than in country B, the 

power exchange has to place a buy order in country A and simultaneously place a sell order for the same 

amount in country B to reach price convergence. This creates a cross-border electricity flow which eventually 

levels out the price difference. However, it is possible that the full price convergence may not be reached, as 

the cross-border capacity is limited. Thus, if the requested volume for electricity is higher than the cross-border 

capacity, the power exchange can only level-out price differences up to the given amount of cross-border ca-

pacity and the price between the two markets is split, also called “market splitting” (Nordpool Spot, 2009).  

Market splitting occurs for example in the Scandinavian countries20, where the Nordpool Spot is the unique 

power exchange responsible for market clearing of the day-ahead market. 

2.7.2.2 Market coupling 

Market coupling is a more sophisticated way of implicit auctioning, as at least two power exchanges are in-

volved in coordinating the cross-border flows. A central auction office is provided with all necessary market 

information by the participating power exchanges and by the TSOs (market rules, bids by market participants 

and transmission capacities) and determines the prices and flows between all market areas using an allocation 

algorithm. Depending on how much of the information provided by the central auction office is implemented 

by the power exchanges in their market areas, three types of market coupling can be defined. 

 Price coupling - Price coupling is the most advanced type of market coupling, as the participating power 

exchanges adapt prices, selected block orders for each bidding area and cross-border flows that resulted 

from the central algorithm. The regional power exchanges only have to prepare each participants program 

for the coming day. 

 Tight volume coupling - Compared to price coupling, tight volume coupling implies that the power ex-

changes only adapt the cross-border volume flows while calculating the prices for the market areas auton-

omously. Therefore, market efficiency is not as high as with price coupling, as small adverse flows or price 

discrepancies occur. Tight volume coupling is applied when price coupling is yet not possible as not all 

market rules can be included in the central algorithm. It is therefore seen as an intermediate step towards 

the more complicated price coupling. 

 Loose volume coupling - Loose volume coupling adopts the same information by the central auction office 

as tight volume coupling; however, the information provided by the power exchanges is less complete, 

meaning that not all market data and rules have been included in the central algorithm. The result is a 

“looser” volume coupling, creating more adverse flows and less price convergence between the market are-

as (Nordpool Spot, no date; Sierig, 2007). 

                                       
20 Norway, Finland, Sweden, Denmark 



Cross-Border Congestion Management at the Swiss Border 

16 

3 Cross-Border Congestion Management at the Swiss Border 

After the ruling of the EU court, Switzerland has negotiated and implemented cross-border auctions with 

neighbours. The most important bottlenecks exist at the German-Swiss and Swiss-Italian border. Also, trans-

fers from Austria to Switzerland have to be auctioned and France regularly exports electricity to Switzerland; 

however, these transfers are still based on a long-term delivery contract and thus prioritized and pre-scheduled. 

Whenever there are remaining daily capacities at the French-Swiss border, they have to be published and allo-

cated on a first come first serve basis (Swissgrid, 2011). 

Since March 2011, the newly founded CASC.EU (Capacity Allocation Service Company for the Central West 

European Electricity market), a joint cross-border services company created by the TSOs of Germany, Nether-

lands, Belgium, France and Luxembourg, took over the responsibility as coordinator of all European cross-

border auctions. Before, the Swiss grid operator Swissgrid build up partnerships with national grid operators to 

administer and coordinate the cross-border auctions (Swissgrid, 2011; CASC.EU, 2011). 

3.1 Explicit auctions between Germany and Switzerland 

Since March 2005 there is a permanent bottleneck for electricity transfers from Germany to Switzerland. Ex-

plicit auctioning has been implemented in January 2006 by the German EnBW Transportnetze AG (EnBW), 

VKW Netz AG, Amprion GmbH and their Swiss partner Swissgrid AG. Auctioning has also been installed 

from Switzerland to Germany, but mostly no prices are realized as available capacities are much higher and 

hardly ever exploited. The focus is thus set on auctions for transfers from Germany to Switzerland. Up to Feb-

ruary 2011, EnBW was the national partner to administer and coordinate auctions between Germany and Swit-

zerland. (EnBW, 2011; Swissgrid, 2011).  

The auctioning started with monthly and daily auctions, in November 2006 the possibility to auction yearly 

capacities was added. Furthermore, it is possible to re-auction and re-sale already acquired transmission rights 

in secondary auctions since August 2007. Finally, intraday trading is possible since the January 2010 and is still 

coordinated by EnBW. The auction coordinator calculates the available net transmission capacity (NTC) based 

on a model that has been approved by the German TSO (Bundesnetzagentur) (EnBW, 2011). 

3.1.1 Offered transfer capacities DE to CH 

 
Figure 5: Offered transfer capacities from Germany to Switzerland 

Source (Swissgrid, 2011; EnBW, 2011) 

The total available transfer capacity (sum of offered capacity for yearly, monthly and daily auctions (monthly 

average)) from Germany to Switzerland has been more or less stable since auctioning has been introduced. The 

average for 2007 is higher (1‟578 MW) as during the summer months (May-September) the offered capacity 

was significantly higher than at any other time. Between 2008 and 2010, the average capacity remained relative-

ly stable on a lower average level (2008: 1‟164 MW, 2009: 1‟282 MW, 2010: 1‟333 MW). 
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In the yearly auctions, the offered capacity was 500 MW between 2007 and 2009 and was changed to 400 MW 

from 2010 on. Monthly auction capacities have increased steadily to reach on average 257 MW in 2010. Finally, 

the monthly average of the offered daily capacities follows a seasonal pattern: In summer, the offered volumes 

are higher than in winter, although this pattern has become less obvious since mid-2009 (figure 4). According 

to Mrs Flechtner, spokesperson at Swissgrid, the fact that transfers in summer occur in both directions creates 

a netting effect, which increases the overall available capacity (Flechtner, 2011). 

3.1.2 Analysis of realized daily auction prices since 2007 

 
Figure 6: Realized market prices in Germany and Switzerland compared to realized auction prices 
from Germany to Switzerland 

Source (Swissgrid, 2011; EnBW, 2011) 

Figure 6 shows that the realized auction prices depend on the existing price differences between the two mar-

kets. Whenever prices in Switzerland are higher than the prices realized in Germany, a transfer of electricity 

from Germany to Switzerland becomes economically reasonable and auction prices are realized.  

 
Figure 7: Average daily auction prices (in €) 2010: Germany to Switzerland compared to market price 
difference 

Source: (Swissgrid, 2011; EnBW, 2011) 

In figure 7, it can be clearly observed that the realized auction prices are almost equal to the price difference in 

the two markets. Information asymmetries cause the auction prices to be off by € 1.10 on average. This is an 

important fact for the further development of this thesis: Auction prices are almost equal the electricity price 

difference between the two markets. The small differences are mainly due to market imperfections. 
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As Switzerland has become dependent on imports from Germany in winter, bottlenecks mainly exist during 

these times increasing electricity prices in Switzerland. On average, the transfer of one MWh from Germany to 

Switzerland during winter (Jan-Apr, Nov-Dec) costs € 10.9, while in the summer the same transfer only costs € 

1.7 per MWh (May-Oct). 

3.2 Explicit auctions between Austria and Switzerland 

Auctioning between Austria and Switzerland has been implemented in 2006. Until February 2011, auctions 

have been administered by Swissgrid and auction-office, a company that was founded to administer and coor-

dinate cross-border auctions in Austria. The main bottleneck exists for electricity transfers from Austria to 

Switzerland. As between Switzerland and Germany, auctions are also conducted for the other direction. How-

ever, offered capacities are sufficient and thus not fully exploited (Swissgrid, 2011; auction-office, 2011).  

3.2.1 Offered transfer capacities Austria to Switzerland 

 
Figure 8: Offered transfer capacities from Austria to Switzerland 

Source: (Swissgrid, 2011; auction-office, 2011) 

The total available transfer capacity from Austria to Switzerland developed very similarly as capacities between 

Germany and Switzerland, though on a lower overall volume level. The same spike could be observed in the 

summer months of 2007, causing the yearly average to be higher than in the rest of the years (394 MW). Be-

tween 2008 and 2010, the average capacity remained relatively stable on a lower average level (2008: 293 MW, 

2009: 300 MW, 2010: 328 MW). 

Availabilities for yearly auctions were lowered in 2010 from 130 MW to 110 MW. The freed capacity was used 

to offer more capacity for the monthly auctions. As for the German border, daily capacity offers followed a 

seasonal pattern until mid-2009, where the offered capacity was higher in summer than in winter.  
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3.2.2 Analysis of realized daily auction prices since 2007 

 
Figure 9: Realized market prices in Austria and Switzerland compared to realized auction prices from 
Austria to Switzerland 

Source (Swissgrid, 2011; auction-office, 2011) 

Austria uses the same price index for electricity as Germany (EEX Phelix), so market price differences between 

Austria and Switzerland are equal to those between Germany and Switzerland. The realized auction prices fol-

low the same pattern and depend on the price differences between the two markets. During winter, Switzerland 

imports energy from Germany and Austria to cover its undersupply. Auction prices between Austria and Swit-

zerland are thus predominantly realized during winter. 

 
Figure 10: Average daily auction prices (in €) 2010: Austria to Switzerland compared to market price 
difference 

Source: (Swissgrid, 2011; auction-office, 2011) 

Again, figure 10 shows that the cost for transferring electricity corresponds closely to the difference between 

the realized electricity prices in Switzerland and Austria. Auction prices are on average € 1.76 off compared to 

the market prices difference.  

On average, the cost for transferring one MWh from Austria to Switzerland during winter (Jan-Apr, Nov-Dec) 

is € 12.1, while in the summer the same transfer costs € 1.4 per MWh (May-Oct), considering the period from 

2007 to 2010. 
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3.3 Explicit auctions between Switzerland and Italy 

Auctioning between Switzerland and Italy has been implemented in 2006; however, data is only available since 

the beginning of 2009. Until February 2011, auctions have been administered by Swissgrid and Terna, the Ital-

ian grid operator. (Swissgrid, 2011; CASC.EU, 2011; Terna, 2011) 

3.3.1 Offered transfer capacities 

 
Figure 11: Offered transfer capacities from Switzerland to Italy 

Source: (Swissgrid, 2011; Terna, 2011) 

The available data is much more restricted for the Swiss-Italian border congestion management. Daily transfer 

capacities are available since 2009; however no data exists on monthly or yearly offered capacities. Again, daily 

capacities show a seasonal pattern. Compared to the offered capacities from Germany to Switzerland or Aus-

tria to Switzerland, the offered capacities behave the opposite way: They increase in winter and decrease in 

summer and fluctuations have remained quite high until 2010. Upon request, Mrs Flechtner from Swissgrid 

explained that this difference is based on the fact that the majority of the power lines are installed in alpine 

grounds, which makes maintenance in winter impossible. It is therefore not unusual that several parts of the 

grid are out of service during summer decreasing the total available capacity (Flechtner, 2011). 

3.3.2 Analysis of realized daily auction prices since 2007 

 
Figure 12: Realized market prices in Italy and Switzerland compared to realized auction prices from 
Switzerland to Italy 

Source: (Swissgrid, 2011; Terna, 2011)  

Again, auction prices between Switzerland and Italy are mainly driven by price differences in the two markets 

(see figure 12). While in winter, Switzerland and Italy are on a similar price level, Italian prices are higher in 

summer compared to Swiss prices, so auction prices increase. 
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Figure 13: Average daily auction prices (in €) 2010: Switzerland to Italy compared to market price dif-
ference 

Source: (Swissgrid, 2011; Terna, 2011) 

Figure 13 shows that the difference between realized electricity prices in Switzerland and Italy and the realized 

auction prices are close together. Auction prices are on average € 4.49 off compared to the market prices dif-

ference.  

Switzerland profits from the higher prices in Italy during the summer months to export electricity towards 

Italy. On average, the transfer of one MWh from Switzerland to Italy during winter (Jan-Apr, Nov-Dec) costs 

€ 4.1, while in summer the same transfer costs € 15.4 (May-Oct). 

3.4 Conclusion 

The following important insights could be found through the analysis of the cross-border auctions between 

Switzerland and its neighbours: 

 It could be observed that the price for cross-border transfer capacities is almost equal to the electricity 

price difference that exists between the two conterminous markets. The slight difference most certainly 

represents information asymmetries which occur because in explicit auctions, cross-border capacities have 

to be purchased separately from electricity (c.f. chapter 2.7.1).  

 Switzerland is a transfer country. It imports electricity from its Nordic neighbours to export it again to Italy 

and profit from the price difference.  

 As the price for Austrian and German electricity is quasi-equal, the price pattern for auctions at the Ger-

man-Swiss and Austrian-Swiss border is very similar (same seasonalities, almost same auction prices). 

 Capacities at the French border are reserved by the long-term contract between France and Switzerland 

and are thus not auctioned. The question is how long this contract will last, as the rest of Europe has abol-

ished such contracts after the ruling of the European Court of Justice. 
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4 Construction of bottom-up model to simulate the basic functioning of cross-
border transfers 

4.1 Approach 

The aim of this thesis is to give information on how future cross-border capacity auction prices will evolve 

between Switzerland and its neighbours. Based on the findings in chapter 3, it is now clear that their main driv-

er is the electricity price difference between the two concerned markets, with minor inaccuracy due to infor-

mation asymmetry. Thus, if the future development of electricity prices in the concerned markets (Switzerland, 

Germany, Italy, France and Austria) can be modelled, future cross-border auction prices can be derived. It is 

obvious that a prediction of future prices is impossible; too many known and unknown influence factors are 

influencing the electricity price. The usefulness of an econometric model based on past electricity price times 

series to predict future prices is thus questionable. As the aim is to give information on possible future trends 

and not to give precise price forecasts, a bottom-up model is more appropriate, as electricity markets are mainly 

cost driven, i.e. realized hourly market prices should represent the marginal cost of the technology that produc-

es the last bid of demanded electricity (c.f. chapter 2.2.2). Thus, if the current offer and demand in each of the 

concerned market is modelled, it is possible to derive the current market prices for electricity. In a second step, 

electricity exchanges between the modelled markets can be simulated, taking into account the existing capacity 

bottlenecks, to derive the cross-border auction prices. The idea for this bottom-up model is based on discus-

sions with Dr. Jens Güssow, an expert in electricity markets (Güssow, 2010).  

In more detail, the bottom-up model will be built up as follows:  

1. To build the merit order for the different markets, the marginal cost for each technology to produce 1 

MWh has to be defined. Chapter 4.3 has a closer look at the cost that occur for the existing technologies to 

define the marginal cost for 1 MWh. 

2. In chapter 4.4, the electricity supply and demand for each market is derived based on the latest available 

data. 

3. Chapter 4.5 then uses this information and builds theoretical prices for each market, assuming that no 

cross-border exchange is possible. In order to accommodate the different patterns of demand, four differ-

ent demand levels are considered (i.e. peak vs. off-peak, summer vs. winter).  

4. In chapter 4.6 the available cross-border capacities between the concerned markets are defined and added 

to the model. Electricity is now transferred from markets with low price levels to markets with higher price 

levels up to the point of price convergence. Auction prices are equal to the remaining price difference be-

tween the two markets. 

5. Using scenarios, chapter 4.7 analyses the impact on cross-border auction prices when different future sup-

ply and demand developments are simulated. The scenarios will be based on current political decisions 

concerning future energy supply and demand. 

4.2 Assumptions & limitations of the model 

This model is a simplification of reality and assumptions have to be made, as it is impossible to include all mar-

ket dynamics that have an effect on electricity prices and the depending cross-border auction prices.  

4.2.1 Model assumptions 

 It is assumed that electricity prices are purely cost-based, i.e. the price of electricity in each market is de-

fined by the intersection of its electricity supply and demand. The aim of this model is to look at implica-

tions for cross-border auction prices when energy policies and demand levels change. It is thus useful to 

get a better understanding of the functioning of cross-border auctions, but not to predict future electricity 

prices. 
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 The marginal cost to produce 1 MWh for each technology is defined in chapter XX and will be the same in 

all concerned markets. 

 Germany and Austria are treated as one single market. There are no bottlenecks between the two countries 

and electricity prices are at the same level (one single price index is used at the EEX for both markets).  

 France and Germany have very similar prices, despite the fact that France has very low marginal costs due 

to nuclear power. Based on the fact that the French electricity market is still a monopoly (EDF provides 

more than 90% of the offered electricity in France) the French prices are adapted to German prices, no 

matter what the cost of production is. 

 In the model, it is assumed that auction prices are equal to the difference between the electricity prices of 

the concerned markets. The in the reality occurring differences caused by information asymmetry will not 

be included. 

 Electricity transfers and their potential effect on prices from other markets than Switzerland, Italy, Germa-

ny, France and Austria are not considered.  

 It is assumed that the system of explicit auctioning for cross-border capacities remains active and will not 

be replaced by any other form of cross-border bottleneck management.  

4.2.2 Supply side assumptions 

 For the construction the supply side merit order of each market, it is assumed that installed capacities are 

used at 90% to account for maintenance work and other possible outages. 

 As the feed of electricity based on new renewables cannot be planed and is discontinuous (stochastic), it 

will not be included in the merit order. Instead, under the assumption that the installed capacity is used at a 

rate of 25%, an average value will be subtracted from the demand load curve. This accommodates the fact 

that grid operators are required by law to accept feeds from these sources. 

4.3 Definition of Marginal costs per technology 

In a cost based market, the marginal cost of each technology defines whether it is used or not. The last tech-

nology which marginal costs are below or at the current market price thus defines the price at which electricity 

is offered. The marginal cost depends on the input costs, the efficiency with which the technology produces 

electricity, the cost to compensate CO2 emissions as well as maintenance and operation costs. 

4.3.1 Input costs  

The input costs used in this model are the yearly average cost per t SKE (Steinkohleequivalent: coal equivalent) 

in 2010 and are based on the German Statistik der Kohlenwirtschaft e.V. report. The cost for nuclear power is based 

on two independent reports by McKinsey&Company and Prognos which both define the input costs (Urani-

um) to produce 1 MWh at € 9.- (Statistik der Kohlewirtschaft e.V., 2011).  

Commodity Average cost per t SKE 2010 Cost to produce 1 MWh21  

Uranium n/a € 9.0 

Brown Coal € 31.0 € 3.8 

Black Coal € 99.0 € 12.2 

Natural Gas € 233.0 € 28.7 

Fuel Oil € 270.0 € 33.2 

Table 1: Average input commodity prices 2010 
Source: (Statistik der Kohlewirtschaft e.V., 2011; Prognos, 2008 p. 16; McKinsey&Company, 2007 p. 62; Panos, 2006 p. 33) 

                                       
21 0.123 t SKE are necessary to produce 1 MWh. 
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4.3.2 Efficiency 

Each technology converts energy sources into electricity at different efficiency rates. Table 2 defines efficiency 

rates for the model and are based on data provided by the German Bundesverband der Energie- und Wasserwirtschaft 

e.V (BDEW) and Fachgemeinschaft für effiziente Energieanwendung e. V. (HEA) and the Fachbuch für Energiewirtschaft 

by Panos. The medium rate is equal to the average between old and new technology (BDEW; HEA, 2011; 

Panos, 2006). 

Plant Technology Efficiency old  Efficiency medium  Efficiency new  

Nuclear  33.0% 33.0% 33.0% 

Brown Coal  40.0% 42.5% Up to 45% 

Black Coal  38.0% 41.5% Up to 45% 

Gas turbine  30.0% 32.0% Up to 34% 

Combined Cycle  47.0% 51.5% Up to 56% 

Fuel oil  30.0% 37.5% Up to 45% 

Table 2: Efficiency rates by technology 
Source: (BDEW; HEA, 2011; Panos, 2006) 

4.3.3 Costs for CO2 emission rights 

Since the introduction of the European Union Emission Trading Scheme (EU ETS) in 2005, CO2 emissions 

have to be compensated via CO2 certificates. In order to reach the emission reduction targets set by the Euro-

pean Union, the government allocates a budget of certificates to each CO2-emitting unit, based on their average 

CO2 production over several past years. If the amount of allocated certificates is sufficient, the plant owner 

may sell them in the market or keep them for the next period. If the plant produces more emissions than allo-

cated certificates, the owner has to buy the remaining amount in the market. Three trading phases have been 

defined to introduce this new system. In the current second trading phase (2008-2012), 84.4% of the budgeted 

certificates are allocated at zero cost while the remaining 15.6% have to be bought at market prices. From 2013 

on, it is planed that 70% of all certificates will have to be bought at market prices (Panos, 2006 p. 137). De-

pending on the input commodity and the efficiency rate of the plant, different amounts of CO2 are produced 

per MWh. Based on data of Panos Book Praxishandbuch Energiewirtschaft, table 3 summarizes the CO2 output per 

input commodity and indicates the price per produced MWh based on the yearly average price for CO2 allow-

ances at EEX in 2010 (€ 14.3). 

Technology & age 
Efficiency 

rate 

Kg CO2  

per MWh 

Cost per MWh up 

to 2012  

Cost per MWh from 

2013 on  

Brown Coal old 40% 1'025  € 2.3 € 14.7 

Brown Coal medium 43% 965  € 2.2 € 13.8  

Brown Coal new 45% 911  € 2.0 € 13.1  

Black Coal old 38% 900  € 2.0 € 12.9  

Black Coal medium 42% 814  € 1.8 € 11.7  

Black Coal new 45% 760  € 1.7 € 10.9  

CCG old 47% 428  € 1.0 € 6.1  

CCG medium 52% 390  € 0.9 € 5.6  

CCG new 56% 359  € 0.8 € 5.2  

Gas turbine old 30% 757  € 1.7 € 10.8  

Gas turbine medium 32% 709  € 1.6 € 10.2  

Gas turbine new 34% 668  € 1.5 € 9.6  

Fuel oil old 30% 887  € 2.0 € 12.7  

Fuel oil medium 38% 709  € 1.6 € 10.2  

Fuel oil new 45% 591  € 1.3 € 8.5  

Table 3: CO2 emissions & costs for emission rights per technology 
Source: (Panos, 2006 p. 137; UVEK, 2006) 
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4.3.4 Cost of maintenance & operation 

Finally, another factor influencing the marginal cost per produced MWh is the general cost of maintenance and 

operation of the plant. Table 4 summarizes the costs per produced MWh. The costs for fuel oil and hydro are 

own estimations as no data could be found. 

Technology Additives & operating materials Maintenance 

Black Coal € 1.3 € 2.6 

Brown Coal  € 1.7 € 3.1 

Natural Gas € 0.5 € 5.0 

Combined Cycle € 0.5 € 3.5 

Fuel oil  € 1.422 € 4.022 

Hydro - € 2.522 

Nuclear - € 5.0 

Table 4: Variable costs per MWh for extra materials and maintenance 
Source: (Panos, 2006 p. 292; Meister, 2008 pp. 13-16) 

4.3.5 Summary: Marginal costs for the production of 1 MWh per technology 

To calculate the marginal costs for producing one MWh, the input costs, the CO2 costs and the additional ma-

terial and maintenance costs have to be summed up considering the efficiency rate of the technology. In fig-

ure 14, the final marginal cost per technology can be seen. 

 
Figure 14: Marginal cost (€) for the production of 1 MWh by technology 

Source: own illustration  

4.4 Definition of electricity supply and demand by market 

For the definition of the supply side, the most recent data about installed capacities per technology for each 

market is used. Combined with the in chapter 4.3 defined marginal cost per technology to produce 1 MWh, 

each markets merit order can be created. 
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For the demand side, hourly domestic load levels in 2010 for each market are used as basis, which are provided 

by the European network of grid operators ENSTO-E. By definition, this data includes only domestic demand 

and no foreign electricity demand (ENTSO-E, no date p. 1). For simplification, average hourly load values for 

each day are used. In order to consider the most important load patterns, a distinction between four different 

load situations is made for each market (see table 5). Weekend load levels are not considered. In a last step, the 

installed new renewables capacity in the market is deduced to get the residual load values for each situation. As 

wind turbines do not always operate at full capacity, it is assumed that the installed wind capacity is used at a 

rate of 25%. Solar panels are assumed to be used at 50% of installed capacity. 

Load situation Definition Considered hours & months 

Summer off-peak load 
weekdays  

Average of weekday loads  
(Mo-Fr)  

8 pm – 8 am 
May-Oct 2010 

Summer peak load 
weekdays 

Average of weekday loads  
(Mo-Fr) 

8 am – 8 pm 
May-Oct 2010 

Winter off-peak load 
weekdays 

Average of weekday loads  
(Mo-Fr) 

8 pm – 8 am 
Jan – Apr & Nov – Dec 2010 

Winter peak load 
weekdays 

Average of weekday loads  
(Mo-Fr) 

8 am – 8 pm 
Jan – Apr & Nov – Dec 2010 

Table 5: Marginal cost for the production of 1 MWh by technology 
Source: own illustration  

4.4.1 Electricity supply Germany & Austria 

4.4.1.1 Installed capacities by technology 

Thanks to detailed data about the existing power plants in Germany and Austria, it is possible to give a precise 

overview of the electricity mix for both countries in 2010. 

 
Figure 15: Installed capacity by technology Germany & Austria 2010 

Source: (Umweltbundesamt, 2010; The European Wind Energy Association, 2011; Energie-Control GmbH, 2010). 

Germany had a total installed capacity of 129,471 MW in 2010 while Austria‟s total capacity was 21,062 MW23. 

As can be seen in figure 15, wind has become a main source of electricity with a share of 19% (Germany: 96%, 

Austria 4%). Still, 34% of all electricity is based on either black or brown coal. Nuclear power (14%) only exists 

in Germany while the biggest part of Hydro power stems from Austria (Germany: 33%, Austria: 66%). The 

older gas turbines and oil-based power plants make up only 6% (Umweltbundesamt, 2010; The European 

Wind Energy Association, 2011; Energie-Control GmbH, 2010).  

The age of power plants is important to determine their efficiency degree. For the German market, the year of 

construction of each plant with capacities above 10 MW is given. The in figure 16 used categorization will thus 

be used to allocate the already defined efficiency rates (c.f. chapter 4.3.2). Unfortunately, there are no details 

about the age of the Austrian power plants. It is thus assumed that the Austrian power plants have the same 

age structure as in Germany. 

                                       
23 The installed capacity may be slightly higher as the consulted database did only consider power plants with an installed 
capacity of at least 100 MW. This limitation does not apply for installed wind capacities, as another source was consulted 
listing all wind capacities. 
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Figure 16: Age of installed capacities in Germany by technology 

Source: (Umweltbundesamt, 2010) 

4.4.1.2 Merit order Germany & Austria 

 
Figure 17: Merit order Germany & Austria summer 2010 

Source: own illustration 

The merit order Germany & Austria includes many different technologies and increases steadily without any 

major jumps. For the winter season, hydro power capacity is lower due to lower water reserves. The hydro 

capacity in winter is thus assumed to be 25% lower at 14,140 MW. 
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4.4.2 Electricity demand Germany & Austria 

 
Figure 18: Average hourly load level per day Germany & Austria summer 2010 

Source: (ENTSO-E, 2011) 

 
Figure 19: Average hourly load level per day Germany & Austria winter 2010 

Source: (ENTSO-E, 2011) 

The load level in the German & Austrian market is very similar over all weekdays in summer and winter. Based 

on this, it is possible to work with average values for the predefined load situations which accommodate the 

biggest differences in the patterns (winter vs. summer, peak vs. off-peak) without deviating too much from 

reality. The average values are illustrated in figures 18 and 19 and summarized in Table 6. 

Load situation German & Austrian average market loads 2010 

Summer off-peak load weekdays 56,323 MW 

Summer peak load weekdays 69,833 MW 

Winter off-peak load weekdays 62,870 MW 

Winter peak load weekdays 74,402 MW 

Table 6: Average load levels for predefined situations in Germany & Austria 2010 
Source: (ENTSO-E, 2011) 
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4.4.2.1 Definition of residual load value 

Wind energy in the German & Austrian market is significant with a share of 19% of the total energy supply 

(28,245 MW). Assuming that this capacity is used at a rate of 25% on average, 6,804 MW are deducted from 

the load values to get the residual value. Table 7 defines the residual loads for each situation. 

Load situation German & Austrian average residual loads 2010 

Summer off-peak load weekdays 49,519 MW 

Summer peak load weekdays 63,029 MW 

Winter off-peak load weekdays 56,066 MW 

Winter peak load weekdays 67,598 MW 

Table 7: Residual load levels for predefined situations in Germany & Austria 2010 
Source: (ENTSO-E, 2011) 

4.4.3 Electricity supply Switzerland 

4.4.3.1 Installed capacities by technology 

The information about the installed capacities per technology in Switzerland is less detailed than for the Ger-

man & Austrian market. As major parts of Swiss electricity are provided by Hydro and Nuclear power, the 

Swiss electricity mix is much simpler. The most recent available data is for the year 2009. 

 
Figure 20: Installed capacity by technology Switzerland 2009 

Source: (BFE, 2010). 

Switzerland had a total installed capacity of 12,284 MW in 2009. Due to its topographic situation, is able to 

produce the majority (70%) of its electricity with water-based, renewable technologies such as barrages and 

run-of-river. With 26%, nuclear power represents the second major electricity source. The remaining technolo-

gies together represent less than 5% of the total mix. In 2009, oil-based electricity, gas turbines as well as wind 

turbines were all below 1% (BFE, 2010).  

Due to this low-emission electricity mix, the age of the plants and the depending efficiency rates are not as 

important as for example in the German & Austrian market. Age and efficiency only have an impact on mar-

ginal costs when CO2 emissions are caused and input commodity costs have an impact. Over 95% of the in-

stalled technologies in Switzerland cause no direct CO2 emissions. Furthermore, the known efficiency rate for 

nuclear power plant is stable at 33%. For the remaining 5% of the Swiss electricity mix, the same age structure 

as in Germany is assumed, as no data could be found. 
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4.4.3.2 Merit order Switzerland 

 
Figure 21: Merit order Switzerland Summer 2009 

Source: own illustration 

The Swiss merit order is dominated by cheap hydro-based electricity and nuclear power. According to the sta-

tistical report of the Bundesamt für Energie (BFE), hydro-based capacities are 21% lower in winter decreasing 

hydro power capacity to 6‟864 MW (BFE, 2010 p. 17). As Switzerland‟s wind-based energy is below 1% of the 

total installed capacity, this feed will not be considered in the model. 

4.4.4 Electricity demand Switzerland  

 
Figure 22: Average hourly load level in Switzerland of every third Wednesday in summer 2010 

Source: (ENTSO-E, 2011) 
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Figure 23: Average hourly load level in Switzerland of every third Wednesday in winter 2010 

Source: (ENTSO-E, 2011) 

The data for Switzerland is less detailed. The hourly load values on ENTSO-E represent only the vertical loads. 

The real hourly load values are only represented in the collected data of every 3rd Wednesday of every month; 

this is why figure 23 is based on this data. As only Wednesdays are represented, it is assumed that differences 

between weekdays are insignificant, as found in other markets. The average values are summarized in Table 8. 

Load situation Swiss average market loads 2010 

Summer off-peak load weekdays 6,638 MW 

Summer peak load weekdays 8,121 MW 

Winter off-peak load weekdays 8,110 MW 

Winter peak load weekdays 9,375 MW 

Table 8: Average load levels for predefined situations in Switzerland 2010 
Source: (ENTSO-E, 2011) 

4.4.4.1 Definition of residual load value 

Installed wind energy capacities in Switzerland remain below 1% of the total installed capacity. Thus, the feed 

of wind-based electricity is not considered and the in table 8 defined load values are considered to be the resid-

ual load values for Switzerland.  

4.4.5 Electricity supply Italy 

4.4.5.1 Installed capacities by technology 

The existing data about the Italian electricity mix is unfortunately not very detailed and the latest available sta-

tus is 2009. 

 
Figure 24: Installed capacity by technology Italy 2009 

Source: (Terna, 2011 b; Meister, 2008). 

Italy had a total installed capacity of 101,447 MW in 2009. Compared to other markets, the Italian electricity 

mix is very different and coined by the nuclear phase-out that was initiated after Chernobyl catastrophe in 

1986. By 1990, the four existing nuclear power plants were closed down (Wikipedia, 2011). Oil- and gas-based 

power plants are the major source of electricity; oil-based electricity plants represent 34% of the total offer and 

so do combined cycle and gas turbines together. Both technologies are usually used for mid- to peak-load de-
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mand due to their high marginal costs (see figure 14). However, in Italy these technologies are also used to 

provide base load electricity, which creates higher overall price levels. Hydro-power represents another im-

portant electricity provider, while coal and wind only make up minor parts (Terna, 2011 b; Meister, 2008).  

As the existing information on installed capacities in Italy does not include any information of the age of the 

Italian power plants, the same age distribution as in the German market has to be assumed to allocate the cor-

responding efficiency rates (see figure 16). 

4.4.5.2 Merit order Italy 

 
Figure 25: Merit order Italy summer 2009 

Source: own illustration 

As mentioned, the merit order of Italy is dominated by high-price electricity technologies, which are also used 

to provide the market with base load electricity. Except hydro power all technologies are above € 30 per MWh. 

Furthermore, the feed of the cheaper hydro-based electricity decreases even more in winter, where the capacity 

is only at 11,880 MW, 38% lower compared to summer capacities (Terna, 2011 b).  
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4.4.6 Electricity demand Italy 

 
Figure 26: Average hourly load level per day Italy summer 2010 

Source: (ENTSO-E, 2011) 

 
Figure 27: Average hourly load level per day Italy winter 2010 

Source: (ENTSO-E, 2011) 

Italy‟s daily load levels have very similar patterns and allow summarizing them to the predefined load situations. 

The average values are illustrated in figures 26 and 27 and summarized in Table 9. 

Load situation Italian average market loads 2010 

Summer off-peak load weekdays 34,116 MW 

Summer peak load weekdays 43,201 MW 

Winter off-peak load weekdays 33,309 MW 

Winter peak load weekdays 43,621 MW 

Table 9: Average load levels for predefined situations in Italy 2010 
Source: (ENTSO-E, 2011) 
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4.4.6.1 Definition of residual load value 

Wind energy in the Italian market is relatively unimportant with a share of only 5% of the total energy supply 

(6,087 MW). Assuming that this capacity is used at a rate of 25% on average, 1,522 MW are deducted from the 

load values to get the residual value. Table 10 defines the residual loads for each situation. 

Load situation Italian average residual load 2010 

Summer off-peak load weekdays 32,594 MW 

Summer peak load weekdays 41,679 MW 

Winter off-peak load weekdays 31,787 MW 

Winter peak load weekdays 42,099 MW 

Table 10: Residual load levels for predefined situations in Italy 2010 
Source: (ENTSO-E, 2011) 

4.4.7 Electricity supply France 

4.4.7.1 Installed capacities by technology 

The latest available data about the French electricity supply is from 2008. 

 
Figure 28: Installed capacity by technology France 2008 

Source: (République Française, Energie et climat, 2008). 

France had a total installed capacity of 119,779 MW in 2008. The French electricity mix is clearly dominated by 

cheap nuclear power. The even cheaper hydro power covers another big part, so that 74% of the electricity 

supply in France is emission free and not sensitive to commodity price changes. The remaining 26% is mainly 

dominated by gas, coal and oil, which provide the flexible peak load capacities. New renewables make up 

roughly 5% (République Française, Energie et climat, 2008; The European Wind Energy Association, 2011). 

Again, the same age distribution as in Germany has to be assumed for French power plants, as the existing 

information does not provide this detail. As with the Swiss supply, the impact of this assumption is rather low 

as the biggest part of the provided electricity is based on technologies which are CO2 emission free and mostly 

input price independent. 
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4.4.7.2 Merit order France 

 
Figure 29: Merit order France summer 2008 

Source: own illustration 

France profits from the lowest electricity prices in Europe. Theoretically, up to a capacity of 80,000 MW prices 

stay below € 20. In winter, hydro capacity lowers to 17,161 MW (assumed 25% less), which causes the merit 

order to shift to the left.  

4.4.8 Electricity demand France 

 
Figure 30: Average hourly load level per day France summer 2010 

Source: (ENTSO-E, 2011) 
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Figure 31: Average hourly load level per day France winter 2010 

Source: (ENTSO-E, 2011) 

Same observation for the French market: Daily load levels have very similar patterns and allow summarizing to 

predefined load situations. The average values are illustrated in figures 30 and 31 and summarized in Table 11. 

Load situation French average market loads 2010 

Summer off-peak load weekdays 47,180 MW 

Summer peak load weekdays 55,183 MW 

Winter off-peak load weekdays 66,282 MW 

Winter peak load weekdays 73,381 MW 

Table 11: Average load levels for predefined situations in France 2010 
Source: (ENTSO-E, 2011) 

4.4.8.1 Definition of residual load value 

Wind energy in the French market is relatively unimportant with a share of only 4% of the total energy supply 

(4,582 MW). Assuming that this capacity is used at a rate of 25% on average, 1,146 MW are deducted from the 

load values to get the residual value. Table 12 defines the residual loads for each situation. 

Load situation French average residual load 2010 

Summer off-peak load weekdays 46,034 MW 

Summer peak load weekdays 54,037 MW 

Winter off-peak load weekdays 65,136 MW 

Winter peak load weekdays 72,235 MW 

Table 12: Residual load levels for predefined situations in France 2010 
Source: (ENTSO-E, 2011) 

4.5 Definition of domestic electricity market prices 

In the first and second step the marginal cost for each technology and the domestic supply and demand of each 

market were defined. Based on this, this chapter will define the theoretical domestic electricity price for each 

market and load situation, assuming that there are no cross-border exports to other markets. It will thus give an 

overview of how much each market would theoretically pay for its own electricity. 
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4.5.1 Domestic electricity price Germany & Austria 

Load situation Residual load  
Marginal  
technology 

Electricity 
Price € 

EEX  
Prices € 

Summer off-peak load weekdays 49,519 MW Black coal medium 34,7 40,1 

Summer peak load weekdays 63,029 MW Black coal old 37,9 54,8 

Winter off-peak load weekdays 56,066 MW Black coal old 37,9 39,9 

Winter peak load weekdays 67,598 MW Brown coal medium 41,6 55,2 

Table 13: Theoretical domestic prices in the German & Austrian market 
Source: (EEX, 2011) 

Without cross-border exchanges, Germany‟s electricity prices are mainly defined by the marginal cost of black 

coal technology. Compared to the average market prices at the EEX in 2010, it can be observed that the theo-

retical prices are lower, implying that the extra demand created by neighbouring countries increases prices in 

the German market (EEX, 2011). This effect can especially be observed during peak hours.  

4.5.2 Domestic electricity price Switzerland 

Load situation Residual load  
Marginal  
technology 

Electricity  
Price € 

EEX  
Prices € 

Summer off-peak load weekdays 6,638 MW Hydro 2,5 41,9 

Summer peak load weekdays 8,121 MW Nuclear 14,0 57,1 

Winter off-peak load weekdays 8,110 MW Nuclear 14,0 49,8 

Winter peak load weekdays 9,375 MW Over-demand N/A 66,2 

Table 14: Theoretical domestic prices in the Swiss market 
Source: (EEX, 2011). 

There are huge discrepancies between the theoretical domestic market prices for Switzerland and the average 

market prices realized at the EEX for 2010 (EEX, 2011). The Swiss market prices seem to be fully defined by 

the extra demand coming from abroad. Domestic demand would easily be covered with the installed hydro and 

nuclear capacities, which explains the low theoretical prices.  

4.5.3 Domestic electricity price Italy 

Load situation Residual load  
Marginal  
technology 

Electricity  
Price € 

EEX  
Prices € 

Summer off-peak load weekdays 32,594 MW CCG medium 60,5 55,6 

Summer peak load weekdays 41,679 MW CCG old 65,9 78,3 

Winter off-peak load weekdays 31,787 MW CCG medium 60,5 52,5 

Winter peak load weekdays 42,099 MW Oil medium 95,5 74,1 

Table 15: Theoretical domestic prices in the Italian market 
Source: (EEX, 2011) 

The by gas technology dominated Italian market shows a different pattern again. During weekday off-peak and 

winter peak loads, theoretical prices are higher as the actual EEX market price, implying that during these 

hours, imports of cheaper electricity lower the market price (EEX, 2011). Only during summer peak load, the 

theoretical market price is lower than the market price.  



Construction of bottom-up model to simulate the basic functioning of cross-border transfers 

38 

4.5.4 Domestic electricity price France 

Load situation Residual load  
Marginal  
technology 

Electricity  
Price € 

EEX  
Prices € 

Summer off-peak load weekdays 46,034 MW Nuclear 14,0 39,6 

Summer peak load weekdays 54,037 MW Nuclear 14,0 57,2 

Winter off-peak load weekdays 65,136 MW Nuclear 14,0 44,3 

Winter peak load weekdays 72,235 MW Nuclear 14,0 60,8 

Table 16: Theoretical domestic prices in the French market 
Source: (EEX, 2011) 

Similar to the Swiss market, the French market prices at EEX are far higher than the theoretical domestic pric-

es which are all defined by nuclear power capacity (EEX, 2011). Besides exports having an increasing effect on 

domestic prices, Meister argues that Electricité de France (EDF) holds a monopoly and does not have any pres-

sure to offer electricity at the marginal cost. Instead, it exports electricity at price levels similar to its neighbours 

and profits from a high contribution margin (Meister, 2008 p. 23). 

4.6 Market clearing with cross-border transfer capacities 

4.6.1 Definition of cross-border capacities 

Before the impact of transfer capacities between the concerned markets can be analysed, the available transfer 

capacities have to be defined. As already described in chapter 3, the existing information about the cross-

border capacities varies. Three main sources are therefore used to define the capacities for the model. The first 

source is the cross-border auction reports summarizing the realized auction prices including the offered capaci-

ty for daily, monthly and yearly auctions. This report is used to define capacities between Switzerland and 

Germany as well as between Switzerland and Austria. As there are no auctions implemented between Switzer-

land and France, an average of two different sources is taken: ENTSO-E defines the transfer capacity from 

France to Switzerland at 3,000 MW in summer respectively 3,200 MW in winter (ENTSO-E, 2011 b). At the 

same time, the yearly Swiss statistics on electricity defines that long-term contracts with France allow prioritized 

transfers up to 2,455 MW (BFE, 2011 p. 34). For the model, it is assumed that all transfers coming from 

France are based on the long-term contracts and are thus not bigger than 2,455 MW. Finally, values given by 

the ENTSO-E are applied for transfer capacities between Switzerland and Italy and for all cross-border capaci-

ties not concerning Switzerland (Germany-France, France-Italy, Italy-Austria).  

Border Direction Capacity winter Capacity summer 

Germany/Austria – Switzerland 
DE/AT  CH 1,524 MW 1,790 MW 

CH  DE/AT 4,700 MW 5,400 MW 

France – Switzerland 
FR  CH 2,455 MW 2,455 MW 

CH  FR 1,100 MW 1,100 MW 

Italy – Switzerland 
IT  CH 1,810 MW 1,440 MW 

CH  IT 4,165 MW 3,460 MW 

France – Italy 
FR  IT 2,575 MW 2,400 MW 

IT  FR 995 MW 870 MW 

France – Germany 
FR  DE 2,700 MW 2,600 MW 

DE  FR 3,200 MW 3,200 MW 

Austria – Italy 
AT  IT 220 MW 200 MW 

IT  AT 85 MW 70 MW 

Table 17: Electricity transfer capacities between concerned markets 
Source: (ENTSO-E, 2011 b; BFE, 2011; EnBW, 2011; Energie-Control GmbH, 2010; Swissgrid, 2011) 
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4.6.2 Market clearing including transfer capacities 

The market clearing simulation follows these rules: 

1. The merit order of each market and all transfer capacities confronted to understand price differences and 

possible transactions. 

2. Transfer capacities are always used as long as prices between two markets are not equal or up to the mo-

ment where the available capacity is fully exploited.  

3. A market will continue importing electricity from one neighbour even if domestic demand is covered, as 

long as the electricity price in another neighbouring market is higher (electricity transit). This also applies 

when the transit market suffers from higher electricity prices. 

4. If the cross border capacity is not fully used, no cross-border capacity price is necessary. 

5. Cross-border capacity prices are equal to the price difference between the two concerned markets if capaci-

ty is fully exploited. 

6. If price convergence is reached, the cross-border capacity price is equal to zero, even if the capacity is fully 

exploited. 

7. Special case France: Presumably because of the monopoly situation in the French market, electricity prices 

are much higher than the modelled marginal cost. The monopoly allows EDF to ask prices at the same lev-

el as in the German market as there is no competitor which could offer electricity for a lower price. There-

fore, French clearing prices in the model will always be equal to those in the German/Austrian market. The 

real marginal price will only be applied if French marginal costs are higher than the German market price.  

8. As Switzerland still has long-term delivery contracts with France, it is assumed that they allow Switzerland 

to import electricity for a preferable price compared to the market price. In the model, the price for French 

electricity flows to Switzerland is assumed to be at € 30 per MWh. 
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4.6.2.1 Winter off-peak market clearing 

Before the different load situations are analysed, the composition of the market clearing table is briefly described taking table 18 as example. The top row defines which 

market is concerned. Beneath, the load level, the marginal technology and the cost-based market price, at which the market clears. Rows 1-7 show the different steps towards 

market clearing. Row 1 gives the market clearing without cross-border transactions. Rows 2-6 describe how the different cross-border capacities are used. Finally, row 7 

defines market clearing after all cross-border capacities have been used following the defined rules in chapter 4.6.2. Either price convergence has been reached or no more 

cross-border capacity is available.  

 
Table 18: Winter off-peak market clearing including all transfers between concerned markets 

Source: own illustration 

In the off-peak winter situation, Switzerland is the only market to suffer from higher prices due to the demand from Italy. In fact, the extra demand from Italy goes beyond 

the domestic Swiss supply, which makes imports from France and Germany necessary (rows 1-3). This situation shows the typical process that happens in winter, where 

Switzerland becomes a transit market between the northern, cheap electricity offer and the high-price market Italy. As Switzerland imports electricity from the Ger-

man/Austrian market to meet the Italian demand, the price level from Germany/Austria is imported as well. Capacities are sufficient so no auction price is necessary. How-

ever, there would be a price of € 21 per MW transfer capacity at the Swiss-Italian and at the French-Italian border.  

N° From To
Capa-

city

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Cost-based 

Price

1     8'110 Nuclear            14    56'066 Black coal med.            35   31'787 CCG med.            61   65'136 Nuclear            35               14 

2 FR CH 2'455      8'110 Nuclear            14   67'591 Nuclear            35               14 

3 DE/AT CH 728         8'110 Nuclear            14    56'794 Black coal med.            35 

4 CH IT 4'165    12'275 Import DE            35   31'787 CCG med.            61 

5 FR IT 2'575    31'787 CCG med.            61   70'166 Nuclear            35               14 

6 DE/AT IT 220        56'794 Black coal med.            35   31'787 CCG new            56 

7   12'275 Import DE            35    56'794 Black coal med.            35   31'787 CCG new            56  72'866 Nuclear            35               14 

FranceCross-border transfers Switzerland Germany/Austria Italy
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4.6.2.2 Winter peak market clearing 

 
Table 19: Winter peak market clearing including all transfers between concerned markets 

Source: own illustration 

In the winter peak situation, Switzerland‟s domestic supply is not sufficient to serve domestic demand (row 1). Switzerland is thus depending on electricity deliveries from 

France and Germany (rows 2 & 3). The big price difference between the northern states and Italian market creates an incentive to export towards Italy (rows 4 - 6). The 

effect is a price decrease in the Italian market from € 96 to € 66 while the Swiss price rises to the Italian level. As price convergence is reached before the transfer capacity at 

the Swiss/Italian border is fully exploited, no cross-border auction price is realized. At the German-Swiss border, capacities are fully used and auction prices of € 31/MW are 

realized. Same for the French-Italian capacity auction results (€ 31/MW). Again, Switzerland figures as transit market resulting in higher domestic electricity prices (row 7). 

4.6.2.3 Summer off-peak market clearing 

 
Table 20: Summer off-peak market clearing including all transfers between concerned markets 

Source: own illustration 

N° From To
Capa-

city

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Cost-based 

Price

1    9'375 Overdemand  N/A    67'598 Black coal med.            35   42'099  Oil med.            96   73'381 Nuclear            35               14 

2 FR CH 2'455      9'375 Import FR            30   76'081 Black coal new            35               32 

3 DE/AT CH 1'524      9'375 Import FR            30    69'122 Black coal med.            35 

4 FR IT 2'575    42'099  Gas turbine new            91   78'656 Black coal med.            35               35 

5 CH IT 3'864    13'239 CCG old            66   42'099  CCG old            66 

6 DE/AT IT 220        69'122 Black coal med.            35   42'099  CCG old            66 

7   13'239 CCG old            66    69'122 Black coal med.            35   42'099  CCG old            66  78'656 Black coal med.            35               35 

Cross-border transfers FranceSwitzerland Germany/Austria Italy

N° From To
Capa-

city

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Cost-based 

Price

1    6'638 Hydro            3  49'519 Brown coal med.           16  32'594 CCG med.           61  47'180 Nuclear           16              14 

2 CH IT 3'460  10'098 Nuclear           14  32'594 CCG new           56 

3 FR IT 2'400  32'594 CCG new           56  52'235 Nuclear           16              14 

4 FR DE/AT 2'600  49'519 Brown coal med.           16  54'635 Nuclear           16              14 

5 CH DE/AT 582     10'680 Nuclear           14  49'519 Brown coal med.           16 

6 DE/AT IT 200     49'719 Brown coal med.           16  32'594 CCG new           56 

7  10'680 Nuclear           14  49'719 Brown coal med.           16  32'594 CCG new           56  54'635 Nuclear           16              14 

Cross-border transfers Switzerland Germany/Austria Italy France
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During summer off-peak situations, Switzerland‟s domestic demand could be covered with the available hydro capacities (row 1). However, available cross-border capacities 

cause certain assimilation: Exports towards Italy increase Swiss prices to the next technology level while Italian prices decrease (row 2). The remaining capacity at the price of 

€ 14 is exported to the German/Austrian market (row 5). In this case, auction prices for cross-border capacities are realized between Switzerland and Italy and would be at 

€ 42 per MW of transfer capacity. Capacities between France and Italy are sold at € 40 per MW. There is no auction price necessary for the transfer from Switzerland to 

Germany/Austria, as only 582 MW of the available 5,400 MW are used. 

4.6.2.4 Summer peak market clearing 

 
Table 21: Summer peak market clearing including all transfers between concerned markets 

Source: own illustration 

During summer peak hours, Switzerland transfers cheap electricity from France to Italy, increasing the Swiss market price (rows 1-3). Again, Switzerland exports the remain-

ing capacity at € 30 to Germany/Austria (row 6). In this situation, cross-border auction prices are realized at the Swiss-Italian border (€ 31 per MW) and at the French-Italian 

border, (€ 26 per MW). Again, no price is necessary at the Swiss-German border as capacities are not fully used. 

4.6.2.5 Conclusion 

In the current market situation, the big price difference between northern markets and Italy create incentives to transfer electricity southwards. As Switzerland is in between 

these two price levels, the existing cross-border capacities are used to transfer cheap electricity to the Italian market. While on the one hand, these transfers allow Swiss elec-

tricity providers to lock in profits; the Swiss electricity price increases on the other hand, assimilating it with the higher price level of Italy. Finally, the build model reflects 

the current market situation correctly as the same transfer directions and price effects could be observed. 

 

N° From To
Capa-

city

Load 

(MW)
Technology
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Load 

(MW)
Technology

Clearing 
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Load 

(MW)
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(MW)
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1    8'121 Nuclear           14  63'029 Black coal old           35  41'679  CCG old           66  55'183 Nuclear           35              14 

2 FR CH 2'455    8'121 Nuclear           14  57'638 Nuclear           35              14 

3 CH IT 3'460  11'581 Import FR           30  41'679 CCG med.           61 

4 FR IT 2'400  41'679 CCG med.           61  60'238 Nuclear           35              14 

5 FR DE/AT 2'600  63'029 Black coal old           35  62'638 Nuclear           35              14 

6 CH DE/AT 1'554  13'408 Import FR           30  63'029 Black coal old           35              14 

7 DE/AT IT 200     63'229 Black coal old           35  41'679  CCG med.           61 

8  13'408 Import FR           30  63'229 Black coal old           35  41'679  CCG med.           61  62'638 Nuclear           35              14 

Cross-border transfers Switzerland Germany/Austria Italy France
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5 Scenario-based analysis of the future development of cross-border auction 
prices 

The model build is now used as tool to analyse the impacts of future changes in the considered electricity mar-

kets. To do so, the year 2020 is taken as reference year. This year is seen as an important year for the energy 

markets, as many energy targets of the EU should be implemented by then24. By the use of scenarios various 

future outcomes are considered and analysed. The model will allow better understanding of the future cross-

border flows and the realized auction prices, given that the applied scenarios take place. 

To define the right scenarios, there are five main variables that have a direct impact on future electricity market 

prices and thus on future cross-border auction prices: 

1. Future electricity supply lays in the focus of many political agendas. Global warming and the recent nu-

clear disaster in Japan put the subject on top of current political agendas. Energy supply has to become 

CO2 neutral and independent of risky technologies. For the model, the future supply of each market is as-

sessed separately, as it is mainly depending on political decisions on a national level and market-specific cir-

cumstances. However, no scenarios are created; investments in electricity supply are long-term and the op-

tions are limited. It is thus assumed that currently announced projects and plans are implemented and build 

the electricity supply until 2020 (see chapter 5.1.1). 

2. Technological progress, economic growth and population growth, all these variables are drivers for in-

creased electricity demand. At the same time, governmental efforts to increase efficiency and lower ener-

gy consumption are implemented. The effect of these two opposite movements is analysed in chapter 

5.1.2.  

3. Prices for input fuels have a direct impact on the marginal cost of electricity production and thus on the 

merit order. As prices of input fuels are built on the global commodity markets, it is assumed that all con-

cerned markets are confronted with the same price developments (chapter 5.1.3).  

4. With the introduction of trading phase III in the EU emission trading scheme in 2013, C02 emission allow-

ances will no longer be allocated on a national but on a European level. Therefore, all concerned markets 

will face the same CO2 allowance prices. By 2020, 70% of all allowances will have to be bought in the 

market, compared to 10% before 2013 (Art. 10a, 12 Regulation (EC) 2003/87/E, 2009).  

5. The extension of cross-border capacities is mainly a political decision as electricity producers most often 

profit from the price differences in the markets. In the Swiss case, electricity producers have no incentive 

to invest in extensions, as the bottlenecks cause electricity prices not to converge to the low price levels of 

the northern neighbours thus creating higher contribution margins (Meister, 2008 pp. 7-8). For the model, 

only expansions are considered that have been announced to be implemented before 2020. 

5.1.1 Development of electricity supply by market 

5.1.1.1 Switzerland 

Switzerland recently made the historical step announcing not to renew the nuclear power plants that are cur-

rently in operation. A decision mainly based on the nuclear disaster in Japan (UVEK, 2011). Switzerland has to 

come up with a strategy that allows covering this fundamental gap. Already today, domestic supply is not al-

ways sufficient to meet domestic demand. The following possibilities are currently discussed: 

Nuclear: The nuclear power plant “Beznau I” will be shut down by 2018, which means a drop in capacity of 

365 MW for the year 2020 (UVEK, 2011). An expansion of the current nuclear power capacities to cover the 

supply gap is, in the light of the recent nuclear accident, highly unrealistic. 

                                       
24 EU 20 20 20 targets, c.f. chapter 5.1.2 
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Water: Even if almost all natural hydro capacities in Switzerland are already exploited for electricity generation, 

the federal council sees possibilities to further expand the already existing capacities. The maximum potential 

of expansion is estimated between 2,000 and 2,500 MW (Axpo, 2010 p. 67). So far, the two national electricity 

providers Alpiq and Axpo have launched projects adding 2,010 MW of hydroelectricity before 2020 (Axpo, 

2010 p. 99; Alpiq, 2011).  

Coal: The Swiss merit order does not include coal-based electricity. Due to the high import costs and the rela-

tively high CO2 emissions, coal is not considered as a possible future option  (Axpo, 2010 pp. 76-77). 

New Renewables: The federal council sees new renewable technologies25 as one of the key technologies be-

sides hydroelectricity. However, this potential is exploitable only in the long term. In the short to mid-term, 

studies see only limited potential due to limited availability of space, unfavourable weather conditions and the 

still low cost effectiveness. Furthermore, the quality of the provided electricity does not match the required 

base load electricity, as the feed from these technologies is mostly stochastic and could only be used to cover 

peak loads. The study of Axpo thus expects that new renewables will make up maximal 5% of the merit order 

by 2020 (Axpo, 2010 pp. 33-65; Meister, 2008 pp. 59-62). 

Gas: Besides hydro and new renewables, gas-based technologies are considered as suitable for covering the 

increased future electricity demand. The focus lies on combined cycle plants, as their high efficiency would 

allow covering base to mid loads. Additionally, combined cycle plants can be constructed within a short time 

frame, permitting to cover potential supply gaps within the required time. It is expected that this technology is 

the most suitable to cover the remaining gap in the Swiss electricity supply by 2020, after hydro and new re-

newable capacities are fully exploited. The only disadvantage is the additional CO2 emissions that could cause 

political opposition (Axpo, 2010 pp. 73-74; UVEK, 2011). So far no concrete projects have been announced. 

Still, if Swiss electricity supply in the model is not sufficient to cover demand levels of 2020, it is assumed that 

CCG capacity will be used to cover the gap. 

Future Swiss cross-border capacities: Besides adding CCG capacities, Switzerland has the option to expand 

cross-border capacities and cover future supply gaps via electricity imports. The federal council mentions that 

electricity imports are vital for Switzerland and have to be maintained. Still, he says that Switzerland should not 

become dependent on foreign electricity supplies as it would be fully exposed to potential negative market 

changes (UVEK, 2011). Furthermore, by 2020 the long term contracts with France securing capacity supplies 

of up to 2,455 MW will have expired (Axpo, 2010 p. 13). A renewal is unlikely as long-term electricity delivery 

contracts are considered discriminatory and no longer suitable in a liberalized electricity market (c.f. chapter 

2.6). As a result, the by the long-term contracts reserved cross-border capacity will have to be auctioned as well 

and market prices will apply for imports from France. 

Switzerland has thus two options, either it expands its domestic supply to cover the increasing demand by 2020 

with the above described mix, or it invests in the expansion of the northern cross-border capacities to eliminate 

the existing bottleneck and profit from low-cost electricity supplies from France and Germany, accepting the 

fact that it will no longer be self-reliant and exposed to market price volatility.  

5.1.1.2 Germany 

Germany‟s debate about decommissioning all nuclear power plants has been boosted by the nuclear accident in 

Japan and led to the decision to shut down immediately seven nuclear power plants and the remaining before 

2022. The plan is to replace the missing nuclear capacity with CCG plants and new renewables (Foucs Online, 

2011). In detail, the following changes are planned until the year 2020. 

Nuclear: The decision to exit nuclear power within the coming eleven years had a direct impact on the merit 

order. Seven nuclear power plants have been shut down immediately, which decreases supply capacity by 

                                       
25 Solar, wind, bio fuel, geothermal energy and small hydropower plants 
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7,419 MW. Furthermore, until 2020 three further nuclear power plants will be decommissioned, decreasing 

supply capacity by 4,147 MW.  

Hydro: The existing hydro power plants represent only a marginal contribution to the German merit order. 

No further extensions of hydro capacities are mentioned. 

Coal: Germany has vast resources of coal which are used to produce a considerable part of Germans electrici-

ty. However, the price of coal has recently increased due to the rising demand from Asia and increasing CO2 

emission prices make this technology less attractive in the future. Thus, no further coal-based electricity supply 

expansion is planed after 2015. The study of the German environment agency mentions that currently capaci-

ties of 11,000 MW (coal and gas) are being build and will be productive from 2014 on. As the study does not 

mention the exact amount of coal and gas, it is assumed that 50% are coal (50% brown & 50% black coal). 

During the same time, 6,000 MW of old gas and coal power plants will be decommissioned (same assumption 

about split), which makes a net plus of 2,500 MW coal-based capacity (Bundesumweltministerium, 2011 pp. 6-

8). 

Gas: As mentioned, it is assumed that 50% of the net to-be-added capacity is gas-based (2,500 MW). Further-

more, the study expects extra 5,000 MW of CCG power plants to replace the decommissioned nuclear power 

plants by 2020 (Bundesumweltministerium, 2011 pp. 6-8). 

New renewables: Germany is already the leader when it comes to wind-based energy and it plans to further 

expand new renewable capacities. The plan is to base 35% of electricity in 2020 on new renewables 

(Bundesumweltministerium, 2011 p. 8; Foucs Online, 2011). 

5.1.1.3 Austria 

As Switzerland, Austria profits from its topographic situation allowing it to base almost 70% of its electricity 

supply on hydro power plants. However, it does not face the same future supply gap as Switzerland, as it is not 

relying on nuclear power and is fully integrated in the German electricity market. As no publications about the 

future supply of electricity in Austria could be found, it is assumed that the current merit order will not be 

changed fundamentally, except that the share of new renewables is further expanded to reach the set targets of 

the European Union (20% of total supply). 

5.1.1.4 France 

Compared to other markets, France‟s reaction on the nuclear accident in Japan is relatively unspectacular. The 

power of the nuclear lobby and the broad support nuclear energy has in the French population (Meister, 2008 

p. 29) are maybe reasons why France did not announce any changes in their nuclear schedule so far. Still, the 

EU emission targets for 2020 require France to review its electricity portfolio. The following information about 

developments in the electricity offer could be found: 

Nuclear: Several plans exist to further expand current supply of nuclear power to cover the increasing elec-

tricity demand. By 2015, twenty existing reactors (each providing 1,300 MW) are upgraded by 7%, adding 

1,820 MW to the current nuclear supply. Furthermore, two new reactors of the third generation are planned26. 

Together, they will provide an extra 3,280 MW by 2020 (World Nuclear Association, 2011). Furthermore, there 

is a tendency to extend the lifespan of French nuclear power plants to 50 years, which would mean that the 

first plant would have to be shut down in 2027 only (Glachant, et al., 2005).  

Hydro: The latest study of the French ministry for energy and climate states that not all hydro capacities have 

been exploited so far and that existing hydro plants can still be expanded. The study thus expects that total 

hydro capacity will be increased by 2,000 – 3,000 MW. For the model, it is expected that 2,500 MW are added 

to the current capacity (République Française, Energie et climat, 2008 pp. 67-70). 

                                       
26 Flamanville 3 in 2013 (1,630 MW), Penly 3 in 2017 (1,650 MW) 
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Coal: The current coal-based capacities produce high CO2 emissions. To reach the EU 2020 targets in emission 

reductions, the study expects thus that the existing capacities will be cut by 50% by 2020. The remaining 3,450 

MW will remain to keep the necessary flexibility for medium to peak loads (République Française, Energie et 

climat, 2008 pp. 60-61). 

Gas: For gas-based power plants, two different developments will occur. The study expects that the capacity of 

CCG plants will be further expanded due to their high efficiency and flexibility. It is expected that by 2020, the 

capacity of CCG plants will be at roughly 13,000 MW (compared to 8,510 MW today). For the 5,000 MW of 

gas turbine plants, the future strategy depends on the development of the overall CO2 emissions in France. The 

study gives thus no concrete figures. As efficiency for gas turbines is relatively low and marginal costs are very 

high, it can be expected that the current capacity will be lowered due to increasing age of certain plants. It is 

thus assumed that the current installed capacity of 5,000 MW is lowered by 25% to 3,750 MW by 2020 

(République Française, Energie et climat, 2008 pp. 63-66). 

Oil: The study does not specify any future capacity of oil-based power plants. However, their high marginal 

cost and the high CO2 emission values make it reasonable to expect lower capacities by 2020. As with gas tur-

bines, it is thus assumed that the current capacity of 5,200 MW is lowered by 25% by 2020 to 3,900 MW 

(République Française, Energie et climat, 2008 pp. 62-63).  

New Renewables: The study puts a clear focus on the development of new renewables. It expects that the 

current expansion of wind capacities is continued and will provide 25,000 MW by 2020. A similar development 

is expected for solar-based capacities: by 2020, their capacity is projected to 5,400 MW (République Française, 

Energie et climat, 2008 pp. 70-78). 

5.1.1.5 Italy 

Italy is the market with the biggest influence on future cross-border transactions. Currently, Italy‟s high price 

electricity market creates incentives for electricity transfers, the main reason for the current cross-border con-

gestions at the Swiss border. Consequently, if Italy invests in base load technologies in the coming years, the 

current situation would change. Therefore, two scenarios are created for the Italian electricity market. One 

expecting Italy to become more self-reliant, the other expecting no major changes in the future merit order.  

Nuclear: Italy was very close to end the nuclear power moratorium in the beginning of 2011. Enel, the nation-

al energy supplier had already concrete plans to build nuclear power plants providing 20% of the electricity 

supply by 2020, bringing an end to high electricity prices and import dependency. However, the nuclear disas-

ter in Japan shortly before the voting on this matter changed the populations‟ opinion keeping them in place 

(Bloomberg, 2011). The only nuclear electricity stream that will be possible in the future is coming from a par-

ticipation of ENEL in the construction in the two planed nuclear power plants in France, which give the Italian 

provider right to import 500 MW from France (250 MW have been agreed based on the participation in the 

construction of Flamanville 3, the second 250 MW are assumed based on a possible partnership in the con-

struction of Penly 3) (World Nuclear Association, 2011). 

New renewables: Italy has the second highest growth rate in new renewables after Germany mainly because it 

offers one of the highest feed remunerations in the EU. It can thus be expected that new renewables (mainly 

wind and solar energy) will continue to grow significantly and meet the EU targets for 2020 (20% of new re-

newables) (Lenzin, 2011).  

Coal, Gas & Oil: There is only little information on concrete capacity expansion plans when it comes to the 

fossil fuel based technologies. Meister sees a clear incentive in the current high electricity prices for a moderni-

sation of the existing power plants. Based on his research, in the coming years old gas turbines and oil-based 

power plants will be replaced by CCG and coal power plants (Meister, 2008 pp. 29-34). The question is how 

much new capacity will be added. In a New York Times report, Rosenthal argues that Italy will expand its coal-
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based energy supply from today 5% to 33% within the next five to ten years, based on existing project plans 

(Rosenthal, 2008). For the model, two scenarios are thus created.  

 Scenario “Italian self-reliance” accepts the arguments of Meister and Rosenthal: Italy‟s merit order will 

have 30% of black coal and 30% of CCG-based capacity, while 50% of oil-based power plants will be de-

commissioned.  

 Scenario “Italian import dependence” is more sceptical. The expansion plans in “old” fossil fuel based 

technologies will face fierce political opposition causing projects to be delayed and abandoned. By 2020, 

the current merit order is only slightly changed. CCG and black coal capacities are increased by 10% only.  

For the other technologies, the same developments are assumed for both scenarios. New renewables will be 

increased to 20% of the future merit order, in line with the targets of the EU. The participation in French nu-

clear power plants will allow Italy to import 500 MW at marginal costs. 

Future Italian cross-border capacities: After the dismissal of the new plans for nuclear power, Italy will 

continue to rely on imports of cheaper electricity from its northern neighbours, namely Switzerland and 

France. While capacity expansions from Switzerland will most probably not be feasible as Switzerland suffers 

already today from Italy-like electricity prices because of Italian imports, a project with France exists to expand 

the current cross-border capacity to 4,200 MW by 2012 (Meister, 2008 p. 33). 

5.1.2 Yearly growth rate of electricity demand 

There are two positions when it comes to future demand of electricity. Governments in Europe have the ideal-

istic aim to stabilize future electricity consumption on the level of today or even to lower it compared to today. 

These ambitions are mainly driven by the “20-20-20 targets” of the EU, which, among other objectives, require 

European members to lower their energy consumption by 20% compared to the year 2000. The other position 

is represented by the more realistic opinion of several studies, which argue that the trend of growing electricity 

demand will continue, despite the governmental efforts. Based on the IEA World Energy Outlook 2009, elec-

tricity consumption in Europe has increased on average 2.2% per year between 1980 and 2007 (CAGR) and is 

expected to continue to grow on average 1% per year between 2010 and 2020 (IEA, 2010 p. 96), despite the 

damping effect of the financial crisis. Country-specific studies support this trend, the Swiss statistics agency 

(BfS) expects a yearly average growth rate of 0.7% in Switzerland, Axpo expects an average yearly growth be-

tween 0.5% and 1.5% for the Swiss market (BFE, 2006; Axpo, 2010). In France, a similar evolution is expected: 

scenarios for 2020 predict yearly growth rates between 0.5% and 1% (République Française, Energie et climat, 

2008 p. 42). Meister sees one of the reasons for this continuous growth of electricity demand directly in gov-

ernmental efforts to lower CO2 emissions: targets are mainly reached by substituting oil- or gas-based technol-

ogies with electricity-based technologies (e.g. electrified public transport or heating), resulting in lower CO2 

emissions but an increase in electricity demand (Meister, 2008 p. 57). 

Based on these findings, two scenarios are defined for the future growth rate of electricity demand. Scenario 

“stable” defines the demand level of 2020 at the same level as in 2010, following the objectives of the govern-

ments. Scenario “rise” sees a continuous growth of future demand, based on the reviewed studies. The average 

yearly growth rate in electricity demand for all concerned markets is set at 0.85%. 

5.1.3 Future input fuel and CO2 emission allowance prices  

Predicting input fuel and CO2 emission allowance prices is impossible. Too many factors have an impact on 

future prices which cannot be known today. At the same time, input prices and CO2 allowance prices only have 

a secondary effect on cross-border transmissions, especially as it is assumed that prices develop similarly for all 

concerned markets. If supply and demand is not altered because of higher marginal costs, the same market 

clearing situation will occur, simply with generally higher market prices if input prices rise. The situation would 
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change if input and CO2 allowance prices develop differently from market to market, however, such a devel-

opment seems rather unlikely as commodity and emissions markets are global. 

5.1.3.1 Input fuel prices used in the model 

Therefore, a rise of 15% until 2020 is assumed. Table 22 summarizes the prices used for the model. 

Commodity 
Today 

€ per t SKE 2020 

Year 2020 

€ per t SKE 2020 

Brown Coal € 31 € 39 

Black Coal € 99 € 114 

Natural Gas € 233 € 268 

Fuel Oil € 270 € 310 

Uranium € 9 per MWh € 10.35 per MWh 

Table 22: Future prices for input fuels used in the model 
Source: own illustration 

5.1.3.2 CO2 emission allowance prices used in the model 

With the third trading scheme, experts expect rising prices for CO2 emissions, as availability will be shortened 

artificially and 70% of all allowances will have to be bought in the market (Panos, 2006). The range of price 

expectations of the reviewed studies for 2020 lies between € 22 and 31 (Comitee of Climate Change, 2009 p. 

68; Axpo, 2010 p. 84; Reuters, 2010). Therefore, it is expected that CO2 emission allowances will cost € 26.5 

per ton.  

5.1.4 Considered scenarios for 2020 

Table 23: Overview of possible future scenarios 
Source: own illustration 

Summarizing, there are four different future market situations that will be analysed. One the one hand, two 

possible scenarios for the future demand are included, one expecting a demand level remains equal to today‟s 

demand, the second expecting a rising demand (yearly increase of 0.85%). On the other hand, two scenarios are 

built for the key market Italy. Scenario “Italian self-reliance” expects a change in which coal and CCG power 

plants make up 60% of the future merit order (each 30%) replacing the dominance of oil- and gas turbine 

plants. Scenario “Italian import dependence” assumes little change to today‟s situation, Coal and CCG will 

make up 35% (25% CCG, 10% black coal) while oil and gas turbine remain important.  

These situations are simulated under the defined market conditions (peak vs. off-peak, winter vs. summer) to 

find out what the impact on cross-border transfers will be and what prices would be realized. In chapters 5.1.5 

to 5.3.2, the results of these simulations are discussed and analysed. The detailed market clearing process is only 

illustrated for situations where outcomes differ from already seen clearing situations. For all other situations 

where similar or equal market movements occur, a summary of the results is given without the detailed, step-

by-step market clearing illustration. 

 Italian import dependence Italian self-reliance 

Stable demand  Situation 1 Situation 2 

Increasing demand  Situation 3 Situation 4 
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5.1.5 Simulation of market clearing in 2020 during summer peak hours  

 
Table 24: Summer peak 2020, situation 1: Stable demand & Italy imports dependent 

Source: own illustration 

Table 24 shows situation 1 during summer peak hours, where it is assumed that demand is stable since 2010 and no structural changes to the current merit order of Italy 

have been implemented. The initial situation (row 1) is very similar to the modelled summer peak situation in 2010, chapter 4.6.2.4: Italy has by far the highest prices, as no 

cheap nuclear power is available. Germany faces higher prices compared to the modelled situation in 2010 as its nuclear capacity has been cut back significantly. Switzerland 

relies on the expanded hydro power and France profits from its further increased nuclear capacity. Switzerland uses the full cross-border capacity towards Italy to profit 

from the huge price difference prevailing between the two markets. The transfer has an assimilating effect, while the Italian price is lowered, Swiss prices increase (row 2). 

Switzerland exports the remaining nuclear capacity to Germany after cross-border capacities to Italy have been fully exploited. The cross-border capacity towards Germany 

is not fully exploited, as the next available technology in the Swiss merit order has a marginal cost of € 71 and is thus more expensive than the market price in Germany (€ 

55). If long-term contracts with France would still be valid, Switzerland would use this extra capacity provided by France for exports to the German/Austrian market, fur-

ther increasing the Swiss electricity price. With this constellation, cross-border capacity prices are realized at the Swiss-Italian border (€56 per MW) and at the French-Italian 

border (€ 16 per MW). 

N° From To
Capa-

city

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Load 

(MW)
Technology

Clearing 

Price

Cost-based 

Price

1    7'971 Hydro            3  57'599 Black coal med.           55     38'129  CCG med.           77  46'233 Nuclear           55              15 

2 CH IT 3'460  11'431 Nuclear           15     38'129  CCG new           71 

3 CH DE/AT 1'171  12'602 Nuclear           15  57'599 Black coal med.           55 

4 FR IT 4'200     38'129  CCG new           71  50'433 Nuclear           55              15 

5 DE/AT IT 200     57'799 Black coal med.           55     38'129  CCG new           71 

6  12'602 Nuclear           15  57'799 Black coal med.           55     38'129  CCG new           71  50'433 Nuclear           55              15 

Cross-border transfers Switzerland Germany/Austria Italy France
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Table 25: Summer peak 2020, situation 2: Stable demand & Italy self-reliant 

Source: own illustration 

Situation 2 in table 25 shows a quite different picture: Italy‟s merit order has changed drastically, due to investments in black coal and CCG technology, its initial domestic 

market clearing price is at € 51, even below the German/Austrian market price (row 1). As a result of this, cross-border flows invert: Switzerland imports electricity from 

Italy, so that it has enough capacity at a price below € 55 to serve the German/Austrian market using the full Swiss/German cross-border capacity. These imports from Italy 

increase the Swiss price to the Italian level (row 2 & 3). Again, no imports from France take place as the French market price is above the Swiss price. In this situation, a 

cross-border capacity price is realized at the Swiss-German border, where € 4 per MW capacity have to be paid. The Italian transfer causes no cross-border auction as the 

available capacity is not fully used. 

The analysis of situation 3 & 4 (the two Italian scenarios coupled with a higher demand) has shown that the market clears with the same prices as in situation 1 & 2. This 

means that despite the increased demand, the same installed technologies are used the same cross-border transfers take place, as their capacities are sufficient to serve the 

extra demand and. Still, in Situation 4 the higher domestic demand in Italy allows Switzerland to import only a small amount of electricity at the price of € 51. This extra 

capacity is exported to Germany again; however, not the full cross-border capacity is used and no cross-border price is realized at the Swiss/German border. 

5.1.5.1 Conclusions 

Comparing the simulated future situation to the modelled situation in 2010, the following changes could be observed: 

 Situation 1 & 3: As Switzerland has installed more hydro capacities, the export to Italy does not require any imports from northern neighbours. Furthermore, as French 

electricity is no longer available at a lower price, no extra capacity is imported for transfers to the German/Austrian market. The Swiss price level remains thus on a low-

er level compared to 2010.  

 Situation 2 & 4: If Italy invests in medium load technologies, the situation changes completely. Germany/Austria has higher prices compared to 2010 as nuclear capaci-

ties have been cut back. Coupled with the changes in Italy, electricity is now cheaper in Italy and transfers happen from south to north. As capacities from Switzerland to 
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1    7'971 Hydro            3  57'599 Black coal med.           55     38'129  Black coal new           51  46'233 Nuclear           55              15 

2 IT CH 769       7'971 Hydro            3     38'898  Black coal new           51 

3 CH DE/AT 5'400  13'371 Import IT           51  57'599 Black coal med.           55 

4 FR IT 500        38'898  Black coal new           51  46'733 Nuclear           55              15 

5  13'371 Import IT           51  57'799 Black coal med.           55     38'898  Black coal new           51  46'733 Nuclear           55              15 

Cross-border transfers Switzerland Germany/Austria Italy France
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Germany are much higher, the remaining base capacity in Switzerland is fully used and electricity is imported from Italy to profit from the higher price level in the Ger-

man/Austrian market. The higher, export-based demand in the Swiss market results in the assimilation to the Italian price level. 

5.1.6  Simulation of market clearing in 2020 during summer off-peak hours 

 
Table 26: Summer off-peak 2020, situation 1: Stable demand & Italy imports dependent 

Source: own illustration 

Situations 1 & 3 (Italian merit order without structural changes) during summer off-peak hours show the same movements as in situation 1 during peak hours (chapter 

5.1.6). In situation 1, the initial price level is lower because of the generally lower off-peak demand level. Cross-border capacity prices are realized at the Swiss-Italian and the 

French Italian borders in both situations (€ 36 resp. € 12).  

 
Table 27: Summer off-peak 2020, situation 2: Stable demand & Italy self-reliant 

Source: own illustration 
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1    6'488 Hydro            3  44'089 Brown coal old           39     29'044 CCG new           71  38'230 Nuclear           39              15 

2 CH IT 3'460    9'948 Hydro            3     29'044 Black coal med.           55 

3 CH DE/AT 2'654  12'602 Nuclear           15  44'089 Brown coal med.           37 

4 FR IT 4'200     29'044 Black coal med.           55  42'430 Nuclear           39              15 

5 DE/AT IT 200     44'289 Brown coal med.           37     29'044 Black coal new           51 

6  12'602 Nuclear           15  44'289 Brown coal med.           37     29'044 Black coal new           51  42'430 Nuclear           39              15 

Cross-border transfers Switzerland Germany/Austria Italy France
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1    6'488 Hydro            3  44'089 Brown coal old           39     29'044 Black coal new           51  38'230 Nuclear           39              15 

2 CH IT 3'460    9'948 Hydro            3     29'044 Black coal new           51 

3 FR IT 4'200     29'044 Black coal new           51  42'430 Nuclear           39              15 

4 CH DE/AT 2'654  12'602 Nuclear 15  44'089 Brown coal med.           37 

5 DE/AT IT 200     44'289 Brown coal med.           37     29'044 Black coal new           51 

6  12'602 Nuclear           15  44'289 Brown coal med.           37     29'044 Black coal new           51  42'430 Nuclear           37              15 

Switzerland Germany/Austria Italy FranceCross-border transfers
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Situation 2 during off-peak hours (table 27) differs from situation 2 during peak hours. The lower off-peak demand causes lower prices in the German/Austrian market. 

Thus, despite the changed merit order, Italy is again the more expensive market and cross-border transfers do not switch direction. Therefore Swiss prices do not converge 

to the Italian level. Again, cross-border capacity prices are realized at the Swiss-Italian and French-Italian border (€ 36 resp. € 14). 

 
Table 28: Summer off-peak 2020, situation 4: Increased demand & Italy self-reliant 

Source: own illustration 

The higher demand in situation 4 (table 28) causes prices to be equal in Germany, France and Italy. Switzerland profits form very low prices due to the expansion of hydro 

capacities. In this case, balancing transactions between Switzerland and Germany/Austria cause prices to converge. The full cross-border capacity towards Italy is used to 

export cheaper electricity to Italy. Despite these exports from Switzerland and France, Italian prices remain at the same level. Cross-border capacity auctions are necessary at 

the Swiss-Italian and French Italian borders (Auction prices: € 12 at both borders) 

5.1.6.1 Conclusions  

Comparing the future situation to the modelled situation in 2010, the following changes could be observed: 

During off-peak hours, the simulated market situation in 2020 is not altered significantly compared to 2010. In all four situations, Italy remains the high-price market to-

wards which cross-border flows are directed. Even if Italy changes its merit order and invests in black coal and CCG (situation 2 & 4), the Italian market misses base load 

capacities. Switzerland and France have very low prices during off-peak hours based on their vast hydro respectively nuclear capacities. Germany profits from brown-coal, 

despite the lower nuclear capacity. Italy is the only market which has no intermediate price levels between hydro and black coal. Therefore, once its hydro capacity is fully 

used, prices directly jump to black coal technology (€ 51). 
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1    7'074 Hydro            3  49'064 Black coal new           51     32'057 Black coal new           51  42'397 Nuclear           51              15 

2 CH DE/AT 3'524  10'599 Nuclear           15  49'064 Brown coal old           39 

3 DE/AT CH 1'500  10'599 Nuclear           15  50'854 Brown coal old 39

4 FR CH 1'960  10'599 Nuclear 15  44'357 Nuclear           39              15 

5 CH IT 3'460  14'059 Import DE           39     32'057 Black coal new 51

6 FR IT 4'200     32'057 Black coal new 51  48'557 Nuclear           39              15 

7 DE/AT IT 200     51'054 Brown coal old           39     32'057 Black coal new           51 

8  14'059 Import DE           39  51'054 Brown coal old           39     32'057 Black coal new           51  48'557 Nuclear           39              15 

Cross-border transfers Switzerland Germany/Austria Italy France
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5.1.7 Simulation of market clearing in 2020 during winter peak hours 

 
Table 29: Winter peak 2020, situation 1: Stable demand & Italy import dependent 

Source: own illustration 

During winter peak hours, the same cross-border transfers occur in situation 1 and 3. The higher demand level in situation 3 causes prices in all markets to be generally high-

er though. Switzerland imports capacity from the two northern neighbours Germany/Austria and France to transfer it into the high-price market Italy, causing Italian prices 

to lower and Swiss prices to rise to the price level of the imported electricity (Row 2-4). France further uses the expanded capacity at the French-Italian border to export its 

cheap electricity to Italy (Row 5). After all transfers have been done, Switzerland is at the same price level as Germany/Austria and France. Italy‟s prices have lowered due to 

the imports; remain on a higher level though. The unchanged Italian merit order causes the same cross-border capacity auctions as today. A price of € 16 is paid at the Swiss-

Italian and at the French-Italian border. The same applies for situation 3, though with different cross-border capacity prices. 

 
Table 30: Winter peak 2020, situation 2: Stable demand & Italy self-reliant 

Source: own illustration 

Situation 2 during winter peak has a different initial situation. Due to the altered Italian merit order, the price difference between the markets is much lower. Switzerland 

exports its remaining nuclear capacity to Italy, which makes Italian prices converge with German/Austrian and French prices. Italy further imports 500 MW for the cost-

based price (based on participations in French nuclear power plants). As Switzerland has no further capacity at prices below 55, no incentive for further exports exists. Im-
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1    9'225 Nuclear           15  62'168 Black coal med.           55     38'549  CCG old           83  64'431 Nuclear           55              15 

2 DE/AT CH 493       9'225 Nuclear           15  62'661 Black coal med.           55 

3 FR CH 2'298    9'225 Nuclear           15  66'729 Nuclear           55              15 

4 CH IT 4'165  13'390 Import FR           55     38'549  CCG medium           77 

5 FR IT 4'200     38'549  CCG new           71  70'429 Nuclear           55              15 

6  13'390 Import FR           55  62'661 Black coal med.           55     38'549  CCG new           71  70'429 Nuclear           55              15 

Cross-border transfers Switzerland Germany/Austria Italy France
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1    9'225 Nuclear           15  62'168 Black coal med.           55     38'549  Black coal old           60  64'431 Nuclear           55              15 

2 CH IT 1'374  10'599 Nuclear           15     38'549  Black coal med.           55 

3 FR IT 500        38'549  Black coal med.           55  64'931 Nuclear           55              15 

4  10'599 Nuclear           15  62'168 Black coal med.           55     38'549  Black coal med.           55  64'931 Nuclear           55              15 

Cross-border transfers Switzerland Germany/Austria Italy France
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ports from northern neighbours to transfer towards Italy do not make sense either, as prices are at the same level as in Italy. As cross-border capacities are not fully exploit-

ed, no cross-border auctions are necessary. This market situation is repeated in situation 4, where besides a changed Italian merit order the demand level is higher compared 

to 2010. Prices are generally higher but no cross-border auctions are necessary as available capacities are not fully used. 

5.1.7.1 Conclusions  

Comparing the future situation to the modelled situation in 2010, the following changes could be observed: 

The modelled winter peak load in 2010 showed that Switzerland‟s domestic supply is not sufficient to cover domestic demand. Thus, during winter peak loads Switzerland is 

depending on imports. As the price level is much higher in Italy, all available capacity is exported to Italy until Swiss prices converge with the high Italian price level. This 

situation has changed in the simulated 2020 winter peak. As Switzerland has expanded its hydro-capacity, it is no longer dependent on imports to cover its domestic demand. 

If Italy does not change its merit order, Swiss prices still increase due to transfers towards Italy; however, they do not converge with the Italian price level. If Italy invests in 

base and medium load technologies, the situation is even more relaxed. Italian prices are much lower creating less incentive for transfers. Capacities are thus not fully used 

and Swiss prices stay on very low levels of hydro technology. 

5.1.8 Simulation of market clearing in 2020 during winter off-peak hours 

 
Table 31: Winter off-peak 2020, situation 2: Stable demand & Italy self-reliant 

Source: own illustration 

Situation 1 and 3 during winter off-peak hours show the same cross-border transfers as the identical situations during winter peak hours (chapter 5.1.7). As demand is lower 

during off-peak, market prices are generally lower though. The same cross-border capacity auctions apply. 

Full price convergence in all concerned markets is the result in situation 2 (table 31), where stable demand and Italian self-reliance are simulated. In the beginning, the Ger-

man/Austrian price level is above the Italian and Swiss price level. Switzerland thus imports electricity from Italy to provide the German/Italian market with cheaper elec-
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1    7'960 Hydro            3  50'636 Black coal med.           55     28'237 Black coal new           51  57'332 Nuclear           55              15 

2 IT CH 1'584    7'960 Hydro            3     29'821 Black coal new           51 

3 CH DE/AT 4'223  12'183 Import IT           51  50'636 Black coal new           51 

4 FR IT 500        29'821 Black coal new           51  57'832 Nuclear           51              15 

5  12'183 Import IT           51  50'636 Black coal new           51     29'821 Black coal new           51  57'832 Nuclear           51              15 

Cross-border transfers Switzerland Germany/Austria Italy France
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tricity (rows 2 & 3). This causes the German/Austrian electricity price to lower while the Swiss price is defined by the imported price from Italy. As the transfers cause price 

convergence before the available cross-border capacities are fully exploited, no cross-border auctions are necessary. 

 
Table 32: Winter off-peak 2020, situation 4: Increased demand & Italy self-reliant 

Source: own illustration 

In situation 4 during winter off-peak, Italy has a lower domestic electricity price than Germany which causes transfers in the opposite direction. Switzerland imports the full 

available capacity from Italy to provide Germany with cheaper electricity (Row 2 & 3). As the capacity at the Swiss-Italian border in direction Switzerland are relatively low 

(1,810 MW), the sum of the imported Italian electricity and the remaining Swiss nuclear electricity that is exported to Germany does not exploit the available capacity at the 

Swiss-German border. Further capacity could only be created with Switzerland‟s next technology (CCG new); however, this would rise prices to € 71 and thus be too expen-

sive for exports towards Germany/Austria. Congestion management is only necessary at the Swiss-Italian border. As Swiss prices adjust to the Italian price level due to the 

transfer, no cross-border capacity price would be realized. 

5.1.8.1 Conclusions  

Comparing the future situation to the modelled situation in 2010, the following changes could be observed: 

 When Italy‟s merit order is not complemented with base to medium load technologies, the market situation does not change from the one modelled in 2010 during win-

ter off-peak hours. The same transfers from south to north happen and the Swiss price level necessarily adjusts to the imported northern price level. Cross-border ca-

pacity auctions are necessary at the Swiss-Italian border. 

 The simulated Italian self-reliance changes the picture. When demand increases by 2020, cross-border transfers flow south to north, and Switzerland imports the price 

level of the Italian market. This is also caused by the fact that Germany cannot rely anymore on cheap nuclear electricity, as these capacities have been cut drastically. 

With stable demand, the self-reliance of Italy causes price convergence between all concerned markets without the necessity of major cross-border transfers. In both 

cases no cross-border capacity prices are realized. 
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1    8'676 Nuclear           15  56'189 Black coal med.           55     31'179 Black coal new           51  63'186 Nuclear           55              15 

2 IT CH 1'810    8'676 Nuclear           15     32'989 Black coal new           51 

3 CH DE/AT 3'732  12'409 Import IT           51 56'189 Black coal med.           55 

4 FR IT 500        32'989 Black coal new           51  63'686 Nuclear           55              15 

5  12'409 Import IT           51  56'189 Black coal med.           55     32'989 Black coal new           51  63'686 Nuclear           55              15 

Cross-border transfers Switzerland Germany/Austria Italy France
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5.2 Summary of main findings: Summer 

SUMMER CH DE/AT IT FR auction prices 

Peak 30 35 61 35 
CH > IT 31.- 

FR > IT 26.- 

Off-peak 14 16 56 16 
CH > IT 42.- 

FR > IT 40.- 

Table 33: Summer 2010 simulation, summary of results 
Source: own illustration 

SUMMER 
Italy imports dependent Italy self-reliant 

CH DE/AT IT FR auction prices CH DE/AT IT FR auction prices 

Peak 

Stable 
demand 

15 55 71 55 
CH > IT 56.- 

FR > IT 16.- 
51 55 51 55 CH > DE 4.- 

Increasing 
demand 

15 55 71 55 
CH > IT 56.- 

FR > IT 16.- 
51 55 51 55 - 

Off-peak 

Stable 
demand 

15 37 51 37 
CH > IT 36.- 

FR > IT 14.- 
15 37 51 37 

CH > IT 36.- 

FR > IT 14.- 

Increasing 
demand 

15 51 55 51 
CH > IT 40.- 

FR > IT 4.- 
39 39 51 39 

CH > IT 12.- 

FR > IT 12.- 

Table 34: Summer 2020 simulation of 4 situations, summary of results 
Source: own illustration 

5.2.1 Peak results 

Italy remains imports dependent: The situation in 2020 does not change compared to 2010. Italy remains the high-price market towards which all exports are directed, 

independently of the demand level. Prices are generally higher in 2020 due to the assumption that input prices and CO2 emission allowances become more expensive in 

2020. The biggest difference can be observed in the Swiss market: Prices remain at very low levels in 2020 compared to 2010. The reason for this is the fact that Switzerland 

no longer imports cheaper electricity from France based on long-term contracts in 2020. This electricity was used for exports towards Germany and increased Swiss prices to 

the French import price (€ 30). The same cross-border auctions are realized as in 2010. 
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Italy becomes self-reliant: In this case the investments in cheaper technologies combined with the nuclear cut-back of Germany causes the direction of exports to change: 

Exports flow towards Germany/Austria as the price level of Italy is below the German/Austrian price level. Due to this change, Switzerland imports the price level of Italy 

and pays a higher electricity price compared to 2010. Cross border auctions are only realized at the Swiss-German border, however only if demand remains stable. 

5.2.2 Off-peak results 

Italy remains imports dependent: The same observations as for peak hours apply for the off-peak results. Prices are simply lower due to lower demand. Market prices in 

Germany/Austria are higher due to the missing nuclear capacity. The same cross-border auctions apply.  

Italy becomes self-reliant: Because demand is lower during off-peak hours, the situation differs. Compared to the other markets, Italy misses technologies between the 

cheap hydro and the rather expensive black coal technologies. Thus, as demand goes down, prices lower in all markets except Italy. This is also the reason why despite the 

Italian investments in black coal and CCG technologies, exports are still directed towards Italy. Cross-border capacity prices are realized at the same borders with similar 

prices as in 2010. 
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5.3 Summary of main findings: Winter 

WINTER CH DE/AT IT FR auction prices 

Peak 66 35 66 35 
DE > CH 31.- 

FR > IT 31.- 

Off-peak 35 35 56 35 
CH > IT 21.- 

FR > IT 21.- 

Table 35: Winter 2010 simulation, summary of results 
Source: own illustration 

WINTER 
Italy imports dependent Italy self-reliant 

CH DE/AT IT FR auction prices CH DE/AT IT FR auction prices 

Peak 

Stable 
demand 

55 55 71 55 
CH > IT 16.- 

FR > IT 16.- 
15 55 55 55 - 

Increasing 
demand 

60 60 76 60 
CH > IT 16.- 

FR > IT 16.- 
15 60 60 60 - 

Off-peak 

Stable  
demand 

55 55 60 55 
CH > IT 5.- 

FR > IT 5.- 
51 51 51 51 - 

Increasing 
demand 

55 55 71 55 
CH > IT 16.- 

FR > IT 16.- 
51 55 51 55 - 

Table 36: Winter 2020 simulation of 4 situations, summary of results 
Source: own illustration 

5.3.1 Peak results 

Italy remains imports dependent: The situation does not change a lot compared to 2010. Italy pays very high prices during peak hours and all exports are headed towards 

this market. The biggest change comes from the fact that Switzerland has expanded its hydro-capacities. While in 2010, Switzerland became import dependent as well during 

peak hours; in 2020 this does no longer happen, even if demand levels increase. Still, Swiss prices converge with Germany/Austria and France, as transfers from these coun-

tries flow through Switzerland to Italy and increase the demand on the Swiss market so that the import electricity sets the price. There are no longer cross-border capacity 

auctions necessary at the German/Swiss border, as Switzerland has more domestic capacity for exports. Still, cross-border capacity prices are realized at the Swiss-Italian and 

French-Italian border. 



 
 
 
Scenario-based analysis of the future development of cross-border auction prices 

59 

Italy becomes self-reliant: The change in the Italian merit order has a big impact on the winter peak price situation. As the Italian price level is already close to the other 

markets, only few transits are necessary to reach price convergence between Italy, Germany/Austria and France. Switzerland´s price level remains very low, as further capaci-

ty would only be available at a price above the price of the surrounding markets. As these markets have already reached price convergence, there is no more incentive to 

transfer electricity through Switzerland, which would increase the Swiss price level to the price level of the exporting market. Due to the low amount of cross-border electric-

ity transfers, no cross-border capacity auctions are necessary. 

5.3.2 Off-peak results 

Italy remains imports dependent: Except of the generally higher price level, no remarkable changes occur to the market situation. The same cross-border flows and cross-

border capacity prices are realized. 

Italy becomes self-reliant: Due to self-reliance, Italian price are below German/Austrian prices and cross-border transfers flow from Italy towards Germany/Austria. In 

case of stable demand, the transfers cause full market convergence between all concerned markets. No cross-border auction prices are necessary as available capacities are 

sufficient. Only the capacity from Italy to Switzerland is fully exploited, however no prices are realized as the two market prices converge. When demand has increased com-

pared to 2010, the cross-border flows from Italy towards Germany are not enough to reach price convergence. Switzerland‟s prices adjust to the Italian level and Germa-

ny/Austria remains higher. Still no cross-border capacity prices are realized due to the same reasons as in the stable demand situation.  
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6  Conclusion and Critical Assessment 

6.1 Conclusion 

This thesis has allowed gaining more insights into the functioning of cross-border capacity transactions and the 

associated auctions that have been introduced because of increasing international electricity transfers. First of 

all, the reasons for the emergence of bottlenecks and the introduction of cross-border auctions could be ex-

plained. Then, the analysis of the cross-border transactions since 2007 has shown that cross-border auction 

prices represent the price difference between the two concerned markets with relatively high accuracy. 

The build bottom-up model allowed to simulate the basic functioning of the electricity flows between the con-

cerned markets and gave valuable insights about their influence on market prices. Due to price differences 

between north and south, Switzerland often functions as a transfer market for electricity flows, causing its do-

mestic market prices to rise. Also, Switzerland‟s electricity supply is sufficient; however, due to exports towards 

more expensive markets, Switzerland becomes dependent on imports from its neighbours. Exceptions are peak 

hours during winter, where Switzerland‟s domestic supply is not sufficient to cover domestic demand.  

The simulated situations for 2020 have allowed getting a better understanding of the development of cross-

border transactions. Under the made assumptions the impact of different scenarios could be simulated. For 

example, a change of the current import-dependent situation of Italy would cause cross-border electricity flows 

to change directions, given that German/Austrian electricity becomes more expensive due to cutbacks in nu-

clear capacities. If the situation in Italy is not changed, it can be expected that transfers from north to South 

will continue. Anyways, in most cases prices in the Swiss market continue to be dominated by the neighbouring 

markets, as the direction of electricity transfers through Switzerland do not have a major impact on the actual 

price. Still, from a Swiss perspective it would be favourable if Italy invests in base and mid load technologies. 

Because the price difference between north and south would be lower, creating less incentive to transfer elec-

tricity through Switzerland. Price convergence could be reached without creating bottlenecks at the Swiss bor-

der. 

6.2 Critical assessment 

The model simulates the most important influences on the market clearing situation between the concerned 

markets. Still, many assumptions had to be taken in order to reach the necessary degree of simplification which 

allowed modelling the basic functioning of these highly complex electricity markets. It is thus important to 

mention the weakest points of the model in order to show its limitations and prevent from possible misinter-

pretations of the results.  

The French electricity market is currently in a monopoly situation with a single provider (EDF) possessing the 

majority of the market. In the model it has been assumed that this situation will not change until 2020 and that 

prices in the French market are similar to prices in the German/Austrian market (as could be observed in data 

from EEX). However, it is highly possible that the on-going market liberalisation in Europe will force France 

to destroy this monopoly and create a competitive environment. Additionally, even if the monopoly situation 

remains, it is possible that French electricity prices in the future develop independently from German/Austrian 

market prices, creating a different starting position for the simulations. 

Another weakness is the assumption that input prices and CO2 emission allowance prices develop equally in all 

markets. Despite the fact that these inputs are traded on global markets, it is possible that the concerned mar-

kets enjoy different prices due to market power, price negotiations and different delivery sizes. 

Market coupling is a further step towards full market integration. Already tested In Scandinavian countries, it is 

highly possible that the same approach will be implemented in the central European area as well. In that case, 

the situation would change. 
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Finally, the influence of other cross-border transfers from markets not considered in this thesis was not includ-

ed and their effect on future cross-border capacity prices in Switzerland is unknown.  

Finally, a different development of electricity supply in each of the considered markets was not taken into ac-

count. 
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