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Abstract

The electricity markets in Northwest Europe will undergo structural changes in the near future.
Besides expected demand growth and increasing fuel and CO, prices, new investments in power
generation capacity (including wind energy) are foreseen as well as decommissioning of old
power plants. Furthermore, new interconnectors will become available between the Netherlands
and neighbouring countries and the capacity of existing interconnectors may increase or more
efficiently used. These changes will have a major impact on the price differences between
Northwest European wholesale electricity markets and the exchanges between these markets. To
analyse these impacts ECN conducted a study with the electricity market simulation model
COMPETES. The COMPETES model has been developed by ECN to simulate the competition
in European electricity markets under different market structure scenarios varying from perfect
competition to oligopolistic market conditions. The analyses of developments in the Northwest
European markets (The Netherlands, Belgium, Germany, France and UK) show that it is very
likely that electricity wholesale prices in 2020 of Dutch and neighbouring power markets will
converge and the Netherlands will become in most cases a net exporting country. This result
proofed to be robust under different scenarios (high and low investment levels, high and low
demand growth, moderate and high fuel and CO, prices) and also if developments in countries
differ, e.g. less demand growth in the Netherlands due to energy saving policy, more restrict en-
vironmental policy in the Netherlands regarding new power plants, cancellation of the nuclear
phase out policy in Germany and a merger between Dutch and German power producers.
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Executive Summary

Within the next five to ten years important changes are expected to take place in the Northwest
European wholesale electricity markets. These changes include investments in new fuel based
power generation capacity (mostly new coal-and gas-fired power plants) and investments in re-
newable energy (especially wind energy). Furthermore, new interconnections between North-
west European countries will come into operation and market coupling in the pentalateral mar-
ket" will be established. Combined with certain developments in fuel prices and the price of CO,
emission credits these changes may influence the competitive market position? of each country
and the net exchange flows between the national electricity markets in the Northwest Europe.

Study objectives

The Energy Research Centre of the Netherlands (ECN) has conducted a study to analyse the

impact of future developments until 2020 on the development of electricity prices and the an-

nual net exchange of electricity between the Netherlands and its neighbouring countries so that
one can determine the key drivers which may enhance the competitive market position of the

Netherlands in the integrated Northwest European electricity market. The year 2020 is chosen

because national and European policy targets are set for that year. More specifically, the major

objectives of this study include:

e To determine the circumstances under which convergence of prices between the Northwest
European countries (in particular between Germany and the Netherlands) takes place in
2020.

e To analyse the annual net exchange of electricity between the Netherlands and the
neighbouring countries and the direction of the net flows in 2020.

e To determine the circumstances under which the Netherlands will become a net exporting
country in 2020.

e To determine the key drivers that will affect the competitive market position of Dutch power
producers in the integrated Northwest European market.

Scenarios and key drivers

As a first step of the analysis, the key drivers which will influence the competition in future
Northwest European electricity markets are determined. These key drivers include investments
in new fuel based power generation capacity and their dominating technology (gas- versus coal-
fired power plants), investments in renewable energy (especially wind energy), decommission-
ing of old power generation capacities, electricity demand growth, fuel and CO, prices, and ex-
pansion in interconnector capacities. Possible future developments of these key drivers are clas-
sified into sixteen different baseline scenarios. In these baseline scenarios, a combination of four
different key drivers is analysed. Firstly, the new generation capacity increase relative to de-
mand growth is varied. Secondly, the type of new generation capacity (i.e. gas versus coal) is
changed and, thirdly, the fuel and CO, prices is varied. The parameter values corresponding to
these key drivers are selected from the recently published scenario studies for the Northwest
European countries. For the Netherlands a scenario was used that assumes among other things
high oil prices and relative high economic growth. This scenario is also used by the Dutch gov-
ernment as reference scenario for their energy and environmental policy. For other countries in
the Northwest European market (i.e. Germany, Belgium, France and the United Kingdom) simi-
lar country specific scenarios are used (in particular for Germany and United Kingdom) in com-
bination with PRIMES scenarios that were developed as reference projections for the European
Commission.

! Belgium, Germany, France, Luxemburg and the Netherlands.

2 A country with a more competitive market position has relative low marginal prices and is able to export electric-
ity to countries with higher marginal prices.
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To what extent these key drivers can influence the price differences between national electricity
markets and the resulting exchanges of electricity flows between these markets, is analysed by
performing a number of model simulations. The electricity market simulation model
COMPETES is used to perform these simulations. The COMPETES model has been developed
by ECN to simulate the competition in European electricity markets under different market
structure scenarios varying from perfect competition to oligopolistic market conditions (Cournot
competition). For this study, the model is used to analyse the future developments in liberalised
competitive electricity markets and to investigate the impact on electricity prices in and power
flows between the northwest European electricity markets (Belgium, Germany®, France, the
Netherlands, UK and Norway).

Today’s electricity markets

As a second step of the analysis, the parameter values in 2006 are used to simulate the current
market under the assumptions of both perfect competition and strategic behaviour (Cournot
competition). The average wholesale prices and the annual net exchanges of the Northwest
European countries are verified by comparing COMPETES model outcomes with the market
realisations in 2006. The comparisons show that given the 2006 market structure, average base
load prices and annual net exchanges in competitive simulations of Northwest European elec-
tricity markets match market realisations of 2006 quite well. Furthermore, average peak load
prices observed in 2006 are in between the average peak load prices obtained from competitive
and Cournot simulations of the Northwest European electricity markets. Hence in the next step
of future market simulations for the year 2020, the development of average base load prices and
the annual net exchanges between Northwest European countries are analysed under perfect
competition assumption. Then given the same market structure in 2020 as in 2006 and a com-
plete market coupling in the pentalateral market, average peak load prices are analysed under
both perfect competition and Cournot competition assumptions in order to investigate whether
the results are robust in both extreme cases. Furthermore, change in market structure in 2020
with a merger of two firms in the Netherlands and Germany is also taken into account in order
to investigate its impact on development of average peak load prices.

Future electricity markets

Future market simulations of the Northwest European countries in 2020 consist of two parts. In

the first part, sixteen baseline scenarios are simulated to analyse the impact of four main key

drivers; namely investment levels, gas versus coal dominating investments, demand growth, and
fuel and CO, prices. In these baseline scenarios, investment plans for interconnector capacities

are taken as fixed and average wind energy production is assumed throughout the year 2020.

The major findings of these baseline scenarios include:

e In all the baseline scenarios, convergence® of base load prices between the Netherlands and
the other Northwest European countries is observed under perfect competition.

e Convergence of peak load prices is also observed when the firms act strategically. Moreover,
a merger is assumed between a Dutch firm (Essent) and a German firm (E.ON) which al-
ready owns generation capacity in the Netherlands. It is observed that the corresponding
merger does not have a significant impact on the convergence of peak load prices due to the
complete market coupling in pentalateral market together with investments in new competi-
tive capacity in all the countries.

o The Netherlands’ net imports decrease significantly and it becomes a net exporting country
in most of the baseline scenarios. This result also confirms the findings of the previous en-
ergy and climate policy related studies conducted for the ministries of Economic Affairs
(EZ) and of the Environment (VROM). These studies show that the development of the
Netherlands to become a net exporter of electricity is a rather robust result under the assump-
tions made for Clean and Efficient Programme.

Luxembourg is added to Germany, because there is generally no congestion between these two countries.
Convergence means here that price differences become smaller or disappear.
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The competition between the Netherlands and Germany mainly determines the Netherlands’
being a net exporting country. The key drivers which enhance competitiveness of the Nether-
lands with respect to Germany are relatively higher growth ratio® in the Netherlands (i.e.
higher investments or lower demand growth) and high fuel and CO; prices. The higher the
growth ratio, the Netherlands would have more competitive excess capacity to export. When
the CO, prices are high, the gas based generating units in the Netherlands become more
competitive than the coal based generating units in Germany. As a result, at high investment
levels and high CO, prices the Netherlands becomes a net exporting country.

Simulations of coal dominating investment scenarios result in almost identical prices and net
exchange flows as the simulations of gas dominating investment scenarios. The reason be-
hind these similar trends of prices and net exchanges is that prices are to a large extent set by
the older fossil fuel power plants that remain available in the market. These older power
plants with relative higher operation costs become the marginal plants to satisfy the in-
creased electricity demand. Hence, the type of technology that is dominating the new in-
vestments is not a key determinant for competitiveness of the Netherlands among the North-
west European countries.

Sensitivity analysis

The second part of future market simulations for the year 2020 involves sensitivity analysis. In
this sensitivity analysis, variations in policy developments, investments plans for interconnector
capacities, and wind availability are taken into account to analyse the robustness of the results of
the baseline scenarios. First, the effect of government policies are analysed in there different
scenarios: efficient energy saving program and more stringent environmental policy in the
Netherlands, and the nuclear policy in Germany. Then the effect of increase in interconnector
capacities and the variations in wind availability are investigated in two other scenarios.

The major findings of the sensitivity analysis include:

The convergence of prices between the Netherlands and its neighbouring countries is ob-
served in all the sensitivity analyses; therefore the results observed in baseline scenarios are
robust outcomes of the future developments in the Northwest European electricity markets.
An efficient energy saving program causes lower electricity demand growth. This leads to
higher growth ratio in the Netherlands and more net exports; thus it enhances the competi-
tiveness of the Netherlands if the investment level in new generation capacity is unchanged.
More stringent environmental policy restricts the investments in new fuel based power gen-
eration capacity. This leads to lower growth ratio in the Netherlands and less net exports;
hence the competitiveness of the Netherlands decreases.

Whether the nuclear power plants in Germany are decommissioned or not do not have a sig-
nificant impact on convergence of prices and net exchange flows between the Netherlands
and Germany. These are the older power plants that set the price and not the nuclear power
plants or the new fossil fuel plants that replaces the nuclear power plants in case of a nuclear
phase-out. The observations point out that as far as the growth ratio in Germany remains the
same the competitive positions of Germany and the Netherlands remain similar regardless of
the nuclear policy.

Since the new interconnector between Germany and the Netherlands will rarely be congested
in 2020 under the scenario assumptions, further increase in interconnector capacities has no
significant impact on the net exchange flows of the Netherlands.

Finally, another factor which affects the daily net exchange flows in the future Northwest
European electricity markets is possible variations in wind energy production from day to
day. Intermittency of wind energy mostly affects the Netherlands and Germany since the
percentage of wind capacity in total installed capacities of these countries is relatively high.
In sensitivity analysis, it is observed that both the Netherlands and the Germany have a lot of
wind energy production on a windy day. Therefore, the net exports of the Netherlands are

® Net increase of new generation capacity versus peak demand growth.
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switched from Germany to the other countries assuming that the German high voltage net-
work is able to handle these flows. On a day with low wind, the Netherlands suffer from
scarce competitive generation capacity which results in significant decrease of its net ex-
ports. When the Netherlands have more new generation capacity (e.g. higher growth ratio),
the negative effect of low wind availability on its net exports is less. Thus, policies encourag-
ing high investments in fuel based power plants or low demand growth in the Netherlands
seem also to have the effect of hedging against low wind availability.

Governmental policy

This study shows that the key drivers which influence competitive position of the Netherlands
can be summarised as high CO, prices and higher growth ratio in the Netherlands. The gov-
ernment policies may have an influence on these key drivers. New emission targets in future
will determine the CO, prices. If the CO, emission caps are tight, the Dutch power producers
will be more competitive due to high CO, prices.

The governmental policies which encourage lower demand growth in the Netherlands (e.g. the
Clean and Efficient program) would cause a high growth ratio if current plans for new power
plants materialise and may put the Netherlands in a favourable position in the competition be-
tween future Northwest European electricity markets. Furthermore, sufficient investments in
new fuel based power plants will also put the Netherlands in a safer position against risk of
scarce capacity due to low wind energy production. However, if investments in new power
plants in the Netherlands become unattractive because of stricter environmental policies in
comparison to those of neighbouring countries, the growth ratio will become smaller and the
competitive position of the Dutch power generators will become weaker.

Finally under the scenario assumptions of this study, it is observed that policy decisions on fur-
ther increase of interconnection capacities and on the fuel mix (gas versus coal) of new genera-
tion capacity do not have a significant impact on price convergence and competition in future
Northwest European electricity markets.
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1. Introduction

Due to a relative large share of gas in the Dutch electricity generation mix, the current electric-
ity production costs are, on average, higher than production costs in neighbouring countries.
This results in higher wholesale electricity prices and higher end users prices. In 2006 the
wholesale prices for a 2007 year contract was in the Netherlands on average 94.1 €/ MWh for
peak load and 65.9 €/ MWh for base load. The 2007 year contract price in Germany was 81.0
€/MWh for peak load and 55.1 €/ MWh for base load. Higher electricity prices may in particular
be harmful for industrial consumers competing on international markets.

Within the next five to ten years important changes are expected to take place in the Dutch
power market. An increase of power production capacity with new coal and gas fired power
plants is expected as well as growth of renewable electricity production, notably wind energy.
Furthermore, new interconnections with neighbouring countries will come into operation (hew
connections with Germany, Norway and United Kingdom) and market coupling in the pentalat-
eral market® will be established. It may be expected that similar and other changes will take
place in neighbouring countries (i.e. Germany, Belgium, France, and United Kingdom). Com-
bined with certain developments in fuel prices and the price of CO, emission credits these
changes may (or may not) result in relative changes in short run electricity production costs in
the electricity markets in Northwest European. Relative changes in production costs will influ-
ence price differences and exchanges of electricity between the countries.

ECN undertook a study to investigate the effect of expected changes in the electricity markets of
Northwest Europe. The study focuses on the year 2020 and takes into account all known ex-
pected developments between today and 2020. The year 2020 is chosen because national and
European policy targets are set for that year. The objective of the study is to answer the question
whether Dutch wholesale electricity prices will remain higher in future than those of neighbour-
ing countries or, if structural changes take place, under which circumstances prices may con-
verge. Since exchange flows between countries are driven by price differences, also the ex-
change flows between countries were investigated. The study provided input for the ‘Energier-
apport 2008’, a periodic report by the Ministry of Economic Affairs that monitors the energy
market developments in the Netherlands and set out a policy action plan for the future.

Report structure

This report presents results of analyses of the Northwest European power markets in 2020. The

report is structured as follows:

e Chapter 2 discusses the key drivers that will influence the future electricity markets in
Northwest Europe. Furthermore, the chapter describes how the impact of these changes on
electricity prices and exchanges between countries are analysed using ECN’s market simula-
tion model COMPETES. A description of the model is presented in Appendix A.

e Starting point of the analysis is the simulation of the today’s electricity market. The simula-
tion results are compared with market realisations in Chapter 3.

o In Chapter 4 the selection of the parameter values that were used in the model simulations is
discussed.

e The main results of the model simulations are presented and discussed in Chapter 5. To
check the robustness of the findings, a number of sensitivity analyses were performed. These
are also presented and discussed in Chapter 5. More details on the simulation results can be
found in Appendices B to G.

e The conclusions of the study are presented in Chapter 6. This chapter also gives some policy
recommendations for the Dutch government.

Belgium, Germany, France, Luxemburg and the Netherlands.
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2.  Analysing market developments

This chapter discusses how developments in future electricity markets can be analysed. The
chapter starts with a short description of some basic principles that are applicable for wholesale
electricity markets. A number of key drivers that influence competition in future wholesale elec-
tricity markets are discussed in Section 2.2. The effect of these key drivers on electricity prices
and on exchanges of electricity between countries can be analysed by using a market simulation
model. How such a model is used in this study is explained in Section 2.3.

2.1 Basic principles

Competition between power generators in wholesale markets in the short term is determined by
short run marginal costs (Stoft 2002). These short run costs consist of fuel costs, costs of CO,
emission credits, variable operation and maintenance costs and start up costs. The short run
costs vary for different technologies. Hydro power plants and wind turbines have for example
very low short run costs because they do not have to purchase fuel. Gas and oil fired power
plants have the highest short run costs because of the relative high fuel prices. Fuel costs de-
crease with higher fuel efficiencies.

If the capacities of power plants in a single market are put in the order of increasing short run
costs (i.e. put in merit order) a supply curve can be created for that market. An example of a
supply curve is presented in Figure 2.1. A vertical line represents the demand curve in this fig-
ure, assuming that in the short term there is no price elasticity. The point of intersection of the
supply and demand curve indicates the marginal costs of power production in the electricity
market concerned. In the case of perfect competition, the electricity market price is equal to the
marginal production costs. In reality market prices are somewhat higher than the marginal costs
due to a mark up generators are able to obtain in real markets.

National electricity markets are interconnected which allows for competition between national
markets. Price differences between these markets result in imports and exports. Imports result if
the price in a neighbouring market is lower and exports result if the price in a neighbouring
market is higher. Imports and exports will have an effect on the electricity price level in a na-
tional market. The imports or exports will continue until prices in both markets are equal. The
capacity of the interconnector between the two markets will however limit the electricity that at
a specific moment in time can be imported or exported. In that case a price difference between
both markets will occur. The effect of imports and exports on the electricity prices is illustrated
Figure 2.1. Due to import the electricity prices decrease and export results in a price increase.
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Figure 2.1 Electricity supply curve and the effect of import or export on the electricity price

2.2 Key drivers that will influence future electricity markets

This study focuses on possible future developments in the Northwest European electricity mar-
kets. The expected changes in the Northwest European power market are caused by the follow-
ing key drivers:

e Investment in new power generation capacity: an investment wave is expected predomi-
nately between 2010 and 2015. In the analysis, the related technology choice is considered
by making a distinction between (predominantly) coal or gas power plants.

e Decommissioning of power generation capacity: in particular closures of nuclear power
plants (Germany, Belgium and UK) and coal fired power plants.

o Renewable energy investments: new investments, in particular in wind energy and co-firing
of biomass in coal fired power plants, to meet 2020 renewable energy targets.

o Fuel and CO, prices: for the competition between different technologies the relative price
changes between coal and gas is relevant, as well as the prices of CO, emission credits.

e |Investments in interconnectors: new interconnectors between the Netherlands and Germany,
the Netherlands and Norway and the Netherlands and UK and increase of existing intercon-
nector capacity.

o Electricity demand: it is expected that electricity demand will increase in all electricity mar-
kets considered. The growth rate, however, may be different and influenced by energy effi-
ciency policy.

The first four key drivers influence the shape of the supply curve of a specific electricity market.
New investments and decommissioning changes the size of the supply curve in the horizontal
direction. Marginal costs (i.e. the vertical direction of the supply curve) are influenced by gen-
eration technology (energy source or fuel type and efficiency), fuel prices and the CO, price.
Whereas changes in the fuel and CO, prices will affect the shape of the supply curve of all elec-
tricity markets, investments in new power plants and decommissioning are rather country spe-
cific.

Interconnector capacity and the level of electricity demand are the two other factors that influ-
ence the market prices and the exchanges between national electricity markets, as was illustrated
with Figure 2.1 in the previous section. It is important to realise that national electricity markets
differ in size (e.g. the size of the German supply curve is about five times larger that the Dutch
supply curve). Furthermore, the ratio between interconnector capacity and the size of the market

ECN-E--08-044 13



can vary per country. This means that, if the interconnection capacity is sufficient, the impact of
a large market’s excess generation capacity on a small market is much bigger than the other way
around.

Finally, the electricity prices can be influenced by the behavior of electricity producers. In par-
ticular if producers have dominant market positions, their strategic behaviour may affect market
prices. Also the market concentration may change in future. Not only if large incumbent pro-
ducers are able to realise more new investments, but also by mergers and take-overs. Competi-
tion authorities monitor the market structure and try to keep market concentration below spe-
cific limits in case of a merger or take-over.

2.3 Analytical approach

For analysing the impact of the changes identified in the previous section, the electricity market
simulation model COMPETES is used. This model is developed by ECN to simulate the compe-
tition in European electricity markets (see the Appendix A for a short description). The model
enables analyses of future developments in liberalised competitive electricity markets and to in-
vestigate the effects on electricity prices in and power flows between the Northwest European
electricity markets (Belgium, Germany’, France, the Netherlands, UK and Norway). Analyses
are made for the year 2020, by taking into account the expected developments between today
and 2020. The year 2020 is chosen because national and European policy targets are set for that
year. Furthermore, among other things assumptions on fuel and CO, price developments can be
kept in line with values chosen in other scenario analyses for 2020, i.e. WLO (Farla et al., 2006)
and Assessment Clean and Efficient (Menkveld et al., 2007).

To what extent the key drivers can influence price differences between national electricity mar-
kets and the resulting exchanges of electricity flows between these markets, is analysed by per-
forming a number of model simulations. Table 2.1 presents an overview of sixteen different
scenarios of possible developments. In these scenarios a combination of four different parame-
ters is analysed. Firstly, the capacity increase relative to demand growth is varied. Secondly, the
type of new generation capacity (i.e. gas versus coal) is changed and, thirdly, the fuel and CO,
prices is varied.

Table 2.1 Overview of scenario cases

High demand growth Low demand growth

Ample Limited Ample Limited
investments investments investments investments

New gas power plants Dominating

High fuel and CO, prices Case Al Case B1 Case C1 Case D1

Moderate fuel and CO, prices Case A2 Case B2 Case C2 Case D2
New coal power plants Dominating

High fuel and CO, prices Case A3 Case B3 Case C3 Case D3

Moderate fuel and CO, prices Case A4 Case B4 Case C4 Case D4

In all scenarios the interconnections between the countries and the sizes of the interconnector
lines remain the same. The effect of changing the interconnector capacity is investigated in a
sensitivity analysis.

The model outputs are wholesale market prices by country and exchange volumes between
countries. Four demand levels are distinguished (off peak, shoulder, peak and super peak) and
three seasons (summer, winter, spring/autumn), i.e. 12 results of prices and exchange flows per

" Luxembourg is added to Germany, because there is generally no congestion between these two countries.
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scenario. Regarding wind energy, the average wind production will be taken as starting point.
The impact of low and high wind energy production are analysed in a sensitivity analysis for a
limited number of cases by varying the availability of the wind energy generators.

Regarding competitive behaviour, all scenarios are analysed for perfect competition. As shown
in Chapter 3, simulation results based on perfect competition correspond quite well with market
results of base-load prices and exchange flows. Simulations of strategic behaviour (oligopolistic
competition) are made for a limited number of cases and only for peak demand periods.

In the sixteen scenarios given in Table 2.1, the developments are similar in all countries. Energy

policy can however be different from one country to another. This may influence the develop-

ments assumed in the scenarios. To investigate the effect of different energy policies, three other

sensitivity analyses are performed:

o Effective energy saving programme: lower demand growth for the Netherlands while de-
mand growth in the other countries remain the same.

o More stringent environmental policy: limited amount of new investments in the Netherlands
while investment levels in other countries remains the same.

e Change in nuclear policy: no nuclear phase out in Germany.
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3. Today’s electricity markets

A good starting point for the analysis is the simulation of the current market because all main
parameters (generation, interconnector capacities, and fuel and CO, prices) are known. The
model results can be compared with the market realisation. For this comparison fuel prices in
year 2006 are chosen as given in Table 3.1. The average CO, price in 2006 is taken as 15 €/ton
CO,.

Table 3.1 Fuel prices

[€/GJ] NL BE GER FR UK
Coal 2.05 2.05 2.54° 2.31 2.48
Gas 6.52 6.63 6.52 6.52 9.50

Figure 3.1 compares the average base load prices obtained by COMPETES simulations (under
perfect competition and strategic behaviour (Cournot)) with the average wholesale electricity
market prices for base load observed in 2006 in the Netherlands, Germany, France, and UK.
Similarly, Figure 3.2 compares the average peak load prices obtained by COMPETES simula-
tions with the average wholesale electricity market prices for peak load observed in 2006 for
these countries. The wholesale prices in Belgium are not compared with 2006 data since Bel-
gium did not have a forward market in 2006 and market price data for Belgium is not available.
Nevertheless, Belgium’s average wholesale prices obtained by COMPETES simulations are
also shown in these figures.

The comparison in Figure 3.1 indicates that in 2006 the average wholesale electricity market
prices for base load in pentalateral market (except France) were close to their competitive lev-
els. In France, the French company Electricité de France (EdF) is the dominant firm. However,
EdF is limited in the extent they can raise prices in France for political reasons (i.e. if EdF
would exercise market power to a full extent the prices would not be accepted by the French
government). In fact EdF is competing with power producers in the neighbouring markets.
Therefore, the average base load price in France is not at its competitive level but is almost
equal to the average base load price in Germany.

In Figure 3.2, the average wholesale electricity market prices for peak load are much higher
than their competitive levels which show that the firms are able to exert market power in peak
hours. As explained above, market prices in France have been adjusted for political reasons so
that they are close to the peak prices in German market.

The difference between Figure 3.1 and Figure 3.2 can be explained by low and high market
concentration during off-peak and peak hours. During off-peak hours there is low demand and
therefore more excess capacity for all the countries. Thus, the market concentration is low and
the firms do not tend to exert market power. As a result, the electricity markets are more com-
petitive during off-peak periods. During peak hours, there is less excess capacity due to high
demand. The exchanges between countries increase and transmission lines start to get con-
gested. The market concentration is high and firms have tendency to exert market power. As a
result, the electricity markets are less competitive during peak periods® which lead to prices
closer to Cournot outcomes. In addition, the average base load prices during a year are domi-
nated by off-peak prices; hence the average wholesale market prices for base load are closer to
their competitive levels.

8 Lignite price in Germany is lower than hard coal prices.
® DTe (2006) showed that the Herfindahl-Hirschman Index (HHI), a measure for market concentrations, is indeed
higher for the Dutch power market in peak periods than in off-peak periods.
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Figure 3.1 Wholesale electricity market prices for base load in 2006. Simulations for perfect
competition and strategic behaviour (Cournot) in comparison to market realisation
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Figure 3.2 Wholesale electricity market prices for peak load in 2006. Simulations for perfect
competition and strategic behaviour (Cournot) in comparison to market realisation

Finally in Figure 3.3, the net exchanges of the Northwest European countries observed in 2006
are compared with the net exchanges obtained by COMPETES simulations under perfect com-
petition and strategic behaviour assumptions. Note that positive net exchange indicates net im-
ports and negative net exchange indicates net exports. Similar to the average base load prices,
competitive outcomes of COMPETES match the actual net exchanges in 2006 quite well. In
Cournot competition, the net exports from Netherlands are due to the net exports to Belgium.
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Figure 3.3 Net exchanges (imports, exports) in 2006. Simulations for perfect competition and
strategic behaviour (Cournot) in comparison to market realisation

In summary, given the same market structure of the Northwest European electricity markets,
prices in competitive markets and oligopolistic markets with Cournot players represent the two
extremes. Although competitive outcomes are stable for different market structures, Cournot
outcomes are influenced by the changes in the market structure; e.g. market coupling, mergers,
and market concentration. Given the 2006 market structure, COMPETES simulation results
show that average base load prices and annual net exchanges in competitive Northwest Euro-
pean electricity markets match market realisations in 2006. In view of the comparisons of aver-
age peak load prices, market realisations in 2006 are in between the average peak load prices of
competitive and Cournot outcomes of the Northwest European electricity markets. Hence,
Chapter 5 first analyses annual net exchanges and convergence of average base load prices in
sixteen baseline scenarios of competitive Northwest European electricity markets in 2020. Then
given the same market structure in 2020 (with market coupling), average peak load prices are
analysed under both perfect competition and Cournot competition assumptions in order to in-
vestigate whether the results are stable in both extreme cases.

18 ECN-E--08-044



4. Parameters determining future market prices

Chapter 2 identified the key drivers that determine future market prices. This chapter looks into
possible future developments of these key drivers and discusses the selection of the parameter
values that were used in the model simulations. The objective of this study is to assess the influ-
ence of the key drivers on the market prices rather than to provide market price projections.
Therefore, for each parameter a low and high value was selected, covering the broad range of
parameter values that may occur in future.

The guiding principle in choosing the parameter values is to stick to values used in recently
published scenario studies. For the Netherlands this was the Global Economy, High oil Price
scenario (GEHP) defined in the scenario study ‘Welvaart en Leefomgeving’ conducted by CPB,
MNP, RPB and ECN (Farla et al, 2006). The GEHP scenario is the ‘de facto’ reference projec-
tion for the Netherlands. It is being used for all current energy and climate policy related studies
by the ministries of Economic Affairs (EZ) and of the Environment (VROM), e.g. as back
ground scenario for ‘Clean and Efficient’ policy of the Dutch Government (Menkveld et al.,
2007, Daniéls et al., 2008, Seebregts et al., 2008).

For other countries in the Northwest European market (i.e. Germany, Belgium, France and the
United Kingdom) similar country specific scenarios are used (in particular for Germany and
United Kingdom) in combination with PRIMES scenarios that were developed as reference pro-
jections for the European Commission (EC, 2006).

Successive sections in this chapter discuss the choices that were made for fuel prices and the
CO, price (Section 4.1), electricity demand (Section 4.2), investments in new power plants and
decommissioning (Section 4.3) and increase of interconnection capacity between the countries
(Section 4.4).

4.1 Fuel prices and CO, price

Fuel and CO, prices are exogenous variables in the COMPETES model.

Natural gas

The high gas price for the Netherlands is in accordance with the natural gas price in 2020 in the
GEHP scenario. The moderate price (i.e. low value) is the natural gas price of the Reference
Projection Energy and Emissions 2005-2020 (Van Dril & Elzenga, 2005). For Germany and
France the natural gas price is the same as in the Netherlands. The natural gas price in Belgium
is assumed to be somewhat higher than the price in The Netherlands, due to the influence of
LNG imports. Also the gas price in UK is somewhat higher since the UK will be almost com-
pletely import dependent by 2020.

Coal and biomass

The high price for (hard) coal is assumed to be 25% higher than the price used in the GEHP
scenario (2.5 vs. 2 €/GJ). This price is ‘CIF ARA’ plus local handling and transportation costs.
In Germany hard coal is 0.2 €/GJ more expensive than for the Netherlands, since the Nether-
lands has the advantage of sea water locations without the need to transport coal further land
inwards. The prices for hard coal in the UK, Belgium and France will be similar as for the
Netherlands. Lignite used in German coal fired power plants is 0.97 €/GJ cheaper than hard
coal.
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Biomass can also be used as fuel in coal fired power plants. It is assumed that cofiring biomass
does not influence the short run marginal costs. |.e. if the use of biomass is more expensive than
the use of coal, power producers are compensated by a subsidy. If no production subsidy is nec-
essary coal will set the price for biomass.

CO; price

The price of CO, emission credits are realised by trading of these credits in the CO, emission
market. The price is to a large extent policy driven, but also correlated with fuel prices. For this
study the same values are used as in used in the assessment of the Clean and Efficient policy
(Menkveld, 2007). The low value is €20 per ton and the high value is €50 per ton.

Costs for CO, emission credits are considered by power generators as opportunity costs and are
short run marginal costs like fuel costs (Sijm, 2005, 2006). High CO, prices go along with high
gas prices, since power generation with coal will become more competitive in case of high gas
prices increasing the demand for CO, emission credits. Because of the correlation between the
gas and CO, price, the high and moderate fuel and CO, prices are combined into two sets, i.e. a
high and moderate price scenario.

4.2 Electricity demand

Electricity demand is expected to increase in all countries. The growth rate may however differ.
For the Netherlands the growth rate for high electricity demand is taken from the GEHP sce-
nario (Farla et al., 2006). The growth rate for low electricity demand is taken from the Clean
and Efficient policy.

For the other countries growth rates for the high electricity demand are derived from the
PRIMES Baseline scenario from “Trends to 2030 - update 2005 (EC, 2006). For low demand,
the grow rates are half of the values of high electricity demand, except for Germany. For Ger-
many, recent baseline scenarios have been compiled (Seebregts, 2008). It appears that the pro-
jections for final electricity demand in Germany in 2020 are expected to be close to the current
level (BMWA, 2005). As the German situation is of key importance, it is proposed to use this
German baseline study.

Table 4.1 shows the electricity grow rates for the five countries involved as well as the electric-
ity demand levels for 2006 and 2020. Notice that the grow rates for electricity demand for the
Netherlands are much higher than the other countries. This is mainly caused by the scenario that
has been selected as the reference scenario for Dutch energy policy, i.e. a high growth scenario
that requires extra efforts to realise the 2020 energy and climate policy targets. The effect of a
more moderate growth rate will be investigated in a sensitivity analysis (see Chapter 5).

Table 4.1 Electricity demand growth

2006 %/year increase 2020
Low High Low High
[TWh] [%] [%0] [TWh] [TWh]
Netherlands 116 15 2.1 143 155
Germany 566 0.31 0.99 591 649
France 478 0.64 1.27 523 571
Belgium 90 0.59 1.17 98 106
United Kingdom 361 0.66 1.31 396 433
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4.3 Investments in new power plants and decommissioning

The high investments levels are based on the current plans for new power plants, both in the

Netherlands and in the neighbouring countries. This information is taken from different sources:

o The Netherlands: press releases, environmental impact statements (MER), direct communi-
cation with companies (Nuon, Electrabel Benelux, Essent) and the Dutch TSO (TenneT).
Belgium: IEA: Electricity Information 2007.

e France: IEA: Electricity Information 2007.

e Germany: BMWA/EW!I/Prognos, 2005, IEA Policy Review Germany, June 2007, RWE,
2007: Factbook Electricity Generation in Europe, June 2007, IEA: Electricity Information
2007.

o United Kingdom BERR, Energy Markets Outlook, October 2007, IEA: Electricity Informa-
tion 2007.

The limited investment scenario is based on removing the less probable plans for new invest-
ments.

New generation capacity

For each demand scenario (low and high), four scenarios for new generation capacities are de-
fined:

1. High investments, coal dominating

2. High investments, gas dominating

3. Limited investments, coal dominating

4. Limited investments, gas dominating.

In total, there are eight sets of capacity investment scenarios. These scenarios are summarized in
the Table 4.2 to Table 4.5. Note that in each table, two sets of these scenarios are given as L
(Limited investments) and H (High Investments) respectively. The following assumptions are
made while determining the figures in these tables for the corresponding scenarios.

o In the limited investment scenarios for low demand case, only the most probable investment
projects are included for the Netherlands. For other countries the net increase in generation
capacity is assumed to be somewhat lower than or equal to growth of peak demand.

o In the high investment scenarios for low demand case, the net increase in generation capac-
ity is assumed to be 100-120% higher than the growth of peak demand, except for the Neth-
erlands and Belgium. For the Netherlands and Belgium, the net increase in generation ca-
pacity is assumed to be higher than it is in the limited investment scenario.

e In gas dominating scenarios, the investments in gas technology are assumed to be about 1.5-
2.5 times higher than the investments in coal technology in each country except for France.
For France, new investments are expected to be in gas only. In the coal dominating scenar-
ios this is the other way around.

Decommissioning

Information on the decommissioning of existing capacity is provided by IEA (IEA Electricity
Information 2007, IEA 2007: Energy Policies of IEA Countries) and by country specific sources
(e.g. recent baseline or reference projections). Country specific sources of information are con-
sidered more certain and up to date than the IEA information:

e The Netherlands: the 4 oldest coal plants (Gelderland-13, Amer-81, Maasvlakte 1+2), 2.3
GW in total.

Belgium: 0.2 GW coal and 1.9 GW nuclear capacity.

Germany: 16.4 GW nuclear capacity.

France: 4.7 GW coal and 4.4 GW nuclear capacity.

United Kingdom: 7.3 GW nuclear, 12.1 GW coal and 2.6 GW oil.
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Net capacity increase versus peak demand growth

To be able to compare the changes in generation capacity, the total capacity increase, the de-
commissioned capacity, and the net capacity presented in Table 4.2 to Table 4.5 are corrected
for the average availabilities of the technologies concerned. This adjustment is necessary be-
cause the availability of wind energy (25% for onshore and 40% for offshore) is much lower
than for thermal generating power plants (90% for gas, coal and nuclear).

In the last row of the tables, the increase of power generation capacity is presented relative to
peak demand growth as a ‘growth ratio’. In the limited investments scenarios, the growth ratio
is generally below 1, indicating underinvestment. The factor is above 1 in the high investment
scenarios, indicating overinvestment. This is the case for all the five countries in total and also
for Germany, France and the United Kingdom. For the Netherlands and Belgium the situation is
somewhat different. First, the electricity market is substantially smaller than in the other three
countries. Therefore, the factor is more sensitive for investments and decommissioning of single
plants. Decommission of two nuclear power plants in Belgium has for example a relative large
impact on the growth ratio. Secondly, a somewhat higher investment is assumed for the Nether-
lands because current electricity generation is somewhat unbalanced with the electricity de-
mand, i.e. currently on average approximately 15% of electricity is imported annually. The
Netherlands seems also attractive for investments in new power plants because of sites near the
coast (cooling water, access to world coal and biomass market), an excellent gas infrastructure
and good electricity interconnection with neighbouring countries.

4.4 Interconnections

The most recent data on net transport capacities in Europe is taken from ETSO. In addition to
current capacities, TenneT also gives future project plans for new interconnections. These plans
include the new interconnectors NorNed, between the Netherlands and Norway (0.7 GW), and
BritNed, between the Netherlands and UK (1 GW). The transmission capacity between the
Netherlands and Germany is planned to be increased by 2 GW. Utilising the current data and
future plans for interconnector capacities, Figure 4.1 gives the net transport capacities (in GW)
between the Northwest European countries in 2020. In COMPETES, 0.67% of these capacities
is assumed to be available for electricity trade between the countries.

Figure 4.1 Transfer capacities [GW] of interconnectors between Northwest European countries
in 2020
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Table 4.2 Development of generation capacity and peak demand in the period 2007-2020 in
the high demand case and gas dominating investments
[GW] NL BE GE FR UK Total
L H L H L H L H L H L H

New power plants

Gas 40 6.0 20 3.0 140 160 180 220 13.0 150 51.0 620
Hard Coal 30 40 10 15 40 6.0 6.0 80 140 195
Lignite 3.0 3.0 3.0 30
Nuclear 16 16 16 16
Wind - onshore 25 25 20 30 50 80 30 30 125 165
Wind - offshore 39 59 16 16 80 100 6.0 6.0 195 235
Other 2.0 2.0
Total* 85 138 33 47 226 273 189 232 203 239 736 928
Closures* -21 -21 -18 -18 -138 -138 -7.0 -7.0 -119 -119 -36.5 -36.5
Net Increase* 64 117 16 29 88 135 119 162 84 120 37.1 56.3
Peak demand growth 56 56 23 23 125 125 155 155 115 115 474 474
Growth ratio 1.15 209 069 128 071 108 077 105 073 1.04 0.78 1.19

* In order to be able to compare capacities of different technologies the capacities are multiplied by the average availability.

Table 4.3 Development of generation capacity and peak demand in the period 2007-2020 in
the high demand case and coal dominating investments
[GW] NL BE GE FR UK Total
L H L H L H L H L H L H

New power plants

Gas 30 40 10 15 70 90 180 220 6.0 80 350 445
Hard Coal 40 60 20 30 100 120 13.0 15.0 29.0 36.0
Lignite 40 4.0 40 40
Nuclear 16 16 16 16
Wind - onshore 25 25 20 30 50 80 30 30 125 165
Wind - offshore 39 59 16 16 80 100 6.0 6.0 195 235
Other 2.0 2.0
Total* 85 138 33 47 226 273 189 232 203 239 736 928
Closures* 21 -21 -18 -18 -138 -138 -70 -7.0 -119 -119 -36.5 -36.5
Net Increase* 64 117 16 29 88 135 119 162 84 120 37.1 56.3
Peak demand growth 56 56 23 23 125 125 155 155 115 115 474 474
Growth ratio 1.15 209 069 128 0.71 1.08 0.77 105 0.73 1.04 0.78 1.19

* In order to be able to compare capacities of different technologies the capacities are multiplied by the average availability.

Table 4.4 Development of generation capacity and peak demand in the period 2007-2020 in
the low demand case and gas dominating investments
[GW] NL BE GE FR UK Total
L H L H L H L H L H L H

New power plants

Gas 30 40 20 25 100 120 100 140 100 13.0 350 455
Hard Coal 20 20 40 40 6.0 6.0 120 120
Lignite 10 10 1.0 10
Nuclear 16 16 16 16
Wind - onshore 25 25 30 30 30 30 85 85
Wind - offshore 29 59 15 15 50 50 6.0 6.0 154 175
Other
Total* 63 84 24 29 155 173 112 148 176 203 529 63.6
Closures* 21 -21 -18 -18 -13.8 -13.8 -7.0 -7.0 -147 -147 -39.3 -39.3
Net Increase* 42 63 06 11 17 35 42 78 29 56 136 243
Peak demand growth 3.9 39 11 11 37 37 75 75 56 56 218 218
Growth ratio 108 162 059 099 047 095 056 104 051 100 063 1.11

* In order to be able to compare capacities of different technologies the capacities are multiplied by the average availability.
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Table 4.5 Development of generation capacity and peak demand in the period 2007-2020 in
the low demand case and coal dominating investments

[GW] NL GE FR Total
L H L H L H L H L H L H
New power plants
Gas 20 20 50 5.0 100 140 6.0 6.0 23.0 27.0
Hard Coal 30 40 20 25 70 80 100 13.0 22.0 275
Lignite 3.0 40 30 40
Nuclear 16 16 16 16
Wind - onshore 25 25 30 30 30 30 85 85
Wind - offshore 29 59 15 15 50 50 6.0 6.0 154 175
Other
Total* 63 84 24 29 155 173 112 148 176 203 529 63.6
Closures* 21 -21 -18 -18 -138 -13.8 -7.0 -7.0 -14.7 -14.7 -39.3 -39.3
Net Increase* 42 63 06 11 17 35 42 78 29 56 136 243
Peak demand growth 39 39 11 11 37 37 75 75 56 56 218 218
Growth ratio 1.08 162 059 0.99 047 095 056 1.04 051 1.00 063 1.11

* In order to be able to compare capacities of different technologies the capacities are multiplied by the average availability.
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5.  Future electricity markets

This chapter investigates the price development in and net exchange flows between Northwest
European electricity markets in 2020. The competitive position of the Netherlands is analysed in
various future scenarios of the Northwest European electricity markets. In each scenario, the
market position of the Netherlands in 2020 is compared with 2006 situation. Section 5.1 gives
the results on the development of average base load prices and the annual net exchanges under
perfect competition assumption for the sixteen baseline scenarios presented in Chapter 2. In
these sixteen baseline scenarios, the results in both gas and coal dominating investment scenar-
ios are observed to be almost identical. Section 5.2 explains the reason behind the similar trends
of average base load prices and net exchanges in both gas and coal dominating investment sce-
narios. Then Section 5.3 analyses the development of average peak load prices in 2020 under
both perfect and Cournot competition assumptions. Finally, to check the robustness of the find-
ings of baseline scenarios a number of sensitivity analyses are performed in Section 5.4.

5.1 Simulations under perfect competition

In this section, we present the results of the sixteen baseline scenarios given in Table 2.1 under
perfect competition assumption. In these sixteen scenarios, we investigate the impact of the fol-
lowing key drivers on the development of prices and net exchange flows in the Northwest Euro-
pean electricity market: net capacity increase relative to peak demand growth so called ‘growth
ratio’, the type of new generation capacity (gas versus coal), and the fuel and CO, prices. The
interconnector capacities remain the same as in Figure 4.1. Moreover, average wind production
is assumed throughout the year in all the scenarios. Later in Section 5.4, the impact of further
capacity expansion in interconnections and the impact of low and high wind availability will be
investigated in sensitivity analyses.

As mentioned in Chapter 3, the simulation of average base load prices and the net exchanges

under perfect competition reflect the market outcomes of the Northwest European electricity

markets quite well. Therefore, we analyse the following trends for 2020 under perfect competi-

tion:

e The differences of the Netherlands’ wholesale average base load prices with that of
neighbouring countries (Section 5.1.1).

o Net exchanges (imports/exports) of the Netherlands and the neighbouring countries (Section
5.1.2).

As mentioned before, the simulations of sixteen baseline scenarios show that the above trends in
both gas and coal dominating investment scenarios are almost identical. Therefore, we will only
focus on the results of eight scenarios which correspond to gas dominating investments in the
following sections.

5.1.1 Average Base Load Prices

Figure 5.1 displays the differences of the Netherlands’ wholesale average base load prices with
that of neighbouring countries. Each picture gives comparison of 2006 results under perfect
competition with the results in 2020 at moderate and high price (fuel and CO,) scenarios as in-
dicated below.

High investments and high demand case in 2020 at moderate and high price scenarios.

High investments and low demand case in 2020 at moderate and high price scenarios.

Low investments and high demand case in 2020 at moderate and high price scenarios.

Low investments and low demand case in 2020 at moderate and high price scenarios.
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Figure 5.1 indicates that price differences between the Netherlands and the neighbouring coun-
tries become smaller in 2020 compared to 2006. Therefore, future wholesale prices for base load
in the Northwest European countries converge. Moreover, the Netherlands becomes more com-
petitive towards Belgium, Germany, and France in comparison to 2006. The competitiveness of
the Netherlands towards Germany increases with higher investments (higher growth ratio) and
higher CO, prices. UK also becomes more competitive in 2020 compared to 2006 and the trend
of price differences between the Netherlands and UK is more sensitive to the growth ratio in
these countries. For instance in high investments case, the growth ratio in the Netherlands de-
creases from 2.09 in high demand scenario to 1.06 in low demand scenario whereas growth ratio
in UK remains almost the same (1.04 in high demand scenario and 1.00 in low demand sce-
nario). The Netherlands is more competitive in high investments and high demand case whereas
UK is more competitive in high investments and low demand case when the prices are high.
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a. High investments and high demand case b. High investments and low demand case
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Figure 5.1 Differences of the Netherlands’ wholesale average base load prices with neighbouring countries in high and low investment scenarios-gas
dominating investments
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5.1.2 Exchanges

Figure 5.2 gives the comparison of the net exchanges of the Netherlands and the neighbouring
countries in 2006 and 2020. Each picture displays the net imports/exports of all the countries in
moderate and high price scenarios in 2020.

Figure 5.2 indicates that the Netherlands’ net imports decrease significantly and in most cases it
becomes a net exporting country in 2020. However, the Netherlands is still a net importing
country in moderate prices scenario of low investments and low demand case. This can be ex-
plained by the net import/export flows of the Netherlands from/to Germany given in Appen-
dix B. The competition between the Netherlands and Germany is the main determinant of the
Netherlands’ being a net exporting or importing country. As it can be seen from Figure 5.1 and
Appendix B, in case of high investments and high CO, prices the Netherlands is more competi-
tive towards Germany; therefore it exports more in these scenarios and becomes a net exporting
country. On the other hand, the exports to Germany decrease and imports from Germany in-
crease at low investments -in which case the growth ratio of the Netherlands is lower- and at
moderate CO, prices-in which case Germany’s coal generating units is competing with the gas
generating units in the Netherlands.
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a. High investments and high demand case b. High investments and low demand case
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Figure 5.2 Net exchanges [TWh/yr] of the Netherlands and the neighbouring countries in high and low investment scenarios-gas dominating investments
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As a final remark, note that fuel prices are assumed to be correlated with the CO, prices in Sec-
tion 5.1.1 and 5.1.2. There is also a possibility that at moderate CO; prices, fuel prices (i.e. gas
prices) become higher due to gas market conditions. This case is also investigated and it is ob-
served that average base load prices still converge. Although the net imports of the Netherlands
decrease in 2020 compared to 2006, the Netherlands is still a net importing country. The most
of imports to the Netherlands are from Germany since the coal based power plants become more
competitive than gas based power plants at high fuel prices and moderate CO, prices and there
are relatively more coal power plants in Germany than in the Netherlands. Furthermore, these
results are observed in both new coal and new gas dominating investment scenarios. The impact
of fuel mix (gas versus coal) on the price convergence and the net exchange flows of the Neth-
erlands still remain insignificant.

5.2 Gas versus Coal Dominating Investments

As mentioned in Section 5.1, the trends of average price differences and the net exchanges in
the Northwest European countries in gas dominating investment scenarios are almost identical
to the trends observed in coal dominating investment scenarios. Actually, the reason behind
these similar trends can be shown by comparing the supply curves of a country at gas and coal
dominating scenarios.

For instance, Figure 5.3 and Figure 5.4 show the supply curves of the Netherlands and Germany
respectively for low investments and moderate prices in high demand case. Each figure com-
pares the supply functions in these countries at gas and coal dominating scenarios. These figures
indicate that since new coal and new gas units are more efficient than old coal and old gas units,
their short run marginal costs are lower and they appear in the left side of the supply curve just
after the base load technologies which have the lowest short run marginal costs (e.g. hydro,
wind, and nuclear). After the new generation capacities, the right side of the supply curve re-
mains the same for gas and coal dominating scenarios in both countries. Moreover even in
summer off-peak (the lowest demand period in a year), the total production exceeds the total
base load and new generation capacity (wind + hydro + nuclear + new coal and gas). Thus, the
intersection of total production (demand adjusted by net imports/exports) and supply curve is at
old generation capacities which have identical marginal costs regardless of the type of dominat-
ing new technology. This will lead to identical prices and import/export flows in these countries
regardless of the dominating new technology. Hence, the type of technology that is dominating
the new investments (gas or coal) has no significant impact on the price differences and net im-
port-export flows.
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Figure 5.3 Supply Curves (at low investments and moderate prices) versus high demand curve
(in summer off-peak) in the Netherlands-gas and coal dominating scenarios

30



200

<
= 160 -
@,
+ 120 A
o
[&]
E 80 -
2
© 4
< 40
0 - T T T T T 1 Net Capacity
o % S % % % g oW
—&— Case A: Gas dominating —=— Case B: Coal dominating
—>— New & old coal —o— New & old coal
units in case A units in case B
—0— New gas units in —a— New gas units in
case A case B

Figure 5.4 Supply Curve (at low investments and moderate prices) versus high demand curve
(in summer off-peak) in Germany- gas and coal dominating scenarios

5.3 Prices in Peak Hours

As mentioned in Chapter 3, the average electricity market prices for peak load in 2006 in the
Northwest European countries are much higher than their competitive levels. This shows that
the firms are able to exert market power in peak hours (i.e. tight capacity due to high demand).
Especially in Germany and UK, the average peak load prices are very close to their Cournot
levels which are the highest prices that can be observed under strategic behaviour provide that
the current market structure remains the same. Given the same market structure, Cournot and
competitive prices represent the two extreme cases: the lowest and highest prices that can be ob-
served in an oligopolistic electricity market. Thus, we analyse the differences of the Nether-
lands’ average peak load prices with that of neighbouring countries under both perfect and
Cournot competition assumptions in order to see if convergence is observed under these ex-
tremes. We will show the results for high demand and low investments case since it is the case
in which markets will be most tight.

Figure 5.5 shows the average peak load price differences in 2006 and 2020 market settings un-
der perfect competition assumption. Note that 2006 average peak load price differences do not
represent the real market realisations in 2006. In contrast, they reflect the situation in case the
Northwest European electricity markets were competitive. The comparison in Figure 5.5 indi-
cates that the peak prices converge between Netherlands and Germany. Netherlands become
more competitive towards Germany, Belgium and France and less competitive towards UK in
2020. These observations go also in line with the results observed for average base load price
differences under perfect competition.
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Figure 5.5 Differences of the Netherlands’ wholesale average peak load prices with
neighbouring countries in low investment and high demand case under perfect
competition assumption

Given the same market structure in 2020 as in 2006, Figure 5.6 shows the comparison of aver-
age peak load price differences in 2006 and 2020 in Cournot competition. 2006 average peak
load price differences from Cournot competition are higher than the real market realisations in
2006 in absolute terms since Cournot assumption is the extreme case of strategic behaviour.
Nevertheless, they match the real market realisations better than perfect competition. Because,
the peak load prices in 2006 observed in the Netherlands were very close to Belgium’s prices
and higher than the peak load prices observed in France, Germany, and UK, which is also the
case for the 2006 average peak load prices obtained in Cournot competition. The comparison in
Figure 5.6 indicates that in 2020 the average peak load prices in the Netherlands converge to the
average peak load prices in Germany, France, and UK. Although the average peak load prices in
the Netherlands are relatively higher than the other countries in 2006, they become relatively
lower in 2020.
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Figure 5.6 Differences of the Netherlands’ wholesale average peak load prices with
neighbouring countries in low investment and high demand case under Cournot
competition assumption
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Finally, the impact of an increased market concentration in 2020 on the average peak load price
is investigated. For this analysis, a merger is assumed between a Dutch firm (Essent) and a for-
eign firm that already owns generation capacity in the Netherlands (E.ON). When the average
peak load prices with and without the corresponding merger are compared, it is observed that
the average peak load prices in Begium, France, Germany, and the Netherlands rise 1-3% with
the merger whereas the peak load prices in UK remain similar in both cases. The Netherlands
and Germany become somewhat less competitive than the other countries with the merger.
However, the effect is not significant since the average peak load prices still converge in 2020
and the prices in the Netherlands are still almost equal to the prices in Germany and lower than
the prices in other countries. Since the Netherlands and Germany are one geographical power
market, the impact of a merger between the firms in these countries is limited. In addition, a
complete market coupling in pentalateral market together with the investments in new competi-
tive generation capacity in all the countries also decrease the effect that a merger may have on
the level of competition.

5.4 Sensitivity Analysis

In the sixteen scenarios in Table 2.1, we have analysed the baseline scenarios that assumed
similar trends for each country. However, energy policies of the countries may also differ from
these baseline scenarios. Hence, the impacts of different energy policies are investigated in three
sensitivity analyses; namely effective energy saving program in the Netherlands, more stringent
environmental policy in the Netherlands, and change in the nuclear policy in Germany. More-
over, the impact of expansion in interconnector capacities and the impact of high and low wind
production are also analysed in two other sensitivity analyses. Next, we present the results of
these five sensitivity analysis and we conclude that our observations for price convergence and
net exchange flows in the Northwest European electricity market remain robust in most cases.

5.4.1 Effective Energy Saving Program

The energy demand growth in the baseline scenario is relative high for the Netherlands in com-
parison with the other countries, because of the high economic growth assumption in the Dutch
reference scenario. Due to energy saving program in the Netherlands, lower demand growth
might be observed in 2020. To investigate the effect of this alternative scenario, we lower the
low demand growth in Table 4.1 from 1.5% to 0.6% while the demand growth in the other
countries remains the same. As a result, the growth ratio in the Netherlands increases in the
lower demand scenario as shown in Table 5.1 while the other countries’ growth ratio remains
the same as in Table 4.4.

The results for price convergence still hold in the lower demand scenario. The comparison of
average base load price differences in low and lower demand scenarios is given in Appendix C.
Moreover since the Netherlands have more excess capacity due to higher growth ratio in lower
demand scenario, it exports more (especially to Germany) compared to the low demand scenario
and Figure 5.7 displays this effect. The Netherlands becomes a net exporting country even in
low investments-moderate prices case of lower demand scenario since it has more competitive
excess capacity to export. The impact of effective energy saving program on the net im-
port/export flows between the Northwest European countries is given in Appendix C.
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Table 5.1 Development of generation capacity and peak demand in the Netherlands in the
period 2007-2020 in low and lower demand scenarios-gas dominating investments

[GW] Low demand in NL Lower demand in NL
L H L H
Total new generation capacity* 6.3 8.4 6.3 8.4
Closures* -2.1 2.1 2.1 -2.1
Net Increase* 4.2 6.3 4.2 6.3
Demand growth rate 1.5% 0.6%
Growth ratio 1.08 1.62 2.81 4.21

* In order to be able to compare capacities of different technologies the capacities are multiplied by the average availability.
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Figure 5.7 Comparison of net exchanges [TWh/year] of the Netherlands and the neighbouring countries in low and lower demand scenarios-gas dominating
investments
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5.4.2 More Stringent Environmental Policies

If the Dutch government applies more strict environmental policies (e.g. lower emissions
of SOy, NOy and fine particles, CCS requirements, etc.), this may limit the investments in
new power plants in the Netherlands. A similar effect may arise in case of non-harmonised
national allocation of CO, emission allowances and the Dutch government is more restric-
tive in their allocation towards the power sector (or if a tender system applies allocate at
higher prices). To investigate the effect of such policies, the investment levels of the Neth-
erlands for high demand case given in Table 4.2 are decreased while the investment levels
of the other countries remain the same. As a result, the growth ratio in the Netherlands de-
creases as shown in Table 5.2.

Table 5.2 Development of generation capacity and peak demand in the Netherlands in the
period 2007-2020 in the high and the limited investments scenarios-high demand

case
[GW] High investments in NL Limited investments in NL
L H L H

Total new generation capacity™ 8.5 13.8 6.3 8.4
Closures* 2.1 -2.1 -2.1 -2.1
Net Increase* 6.4 11.7 4.2 6.3
Demand growth rate 2.1% 2.1%

Growth ratio 1.15 2.09 0.75 1.13

* In order to be able to compare capacities of different technologies the capacities are multiplied by the average
availability

As in the case of the effective energy saving program scenario, a more stringent environmental
policy does not influence the convergence of prices between the Northwest European countries;
that is the average base load prices still converge. The comparison of average base-load price
differences in high and limited investment scenarios is given in Appendix D. In Appendix D,
the trends of average base load price differences between the Netherlands and the neighbouring
countries indicate that the Netherlands becomes less competitive in the limited investments sce-
nario than it is in the high investments scenario. In the limited investments scenario, the Nether-
lands’ net exports decrease and its net imports increase since there is less competitive excess
capacity. Hence, the Netherlands becomes a net importing country in all moderate price cases of
the limited investments scenario. The impact of more stringent environmental policy on net ex-
changes is given in Figure 5.8. A more detailed comparison of net import/export flows in high
and limited investment scenarios is given in Appendix D.
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Figure 5.8 Comparison of net exchanges [TWh/year] of the Netherlands and the neighbouring countries in high and limited investment scenarios- high
demand case and gas dominating investments
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5.4.3 Change in Nuclear Policy

In this scenario, we analyse the impact of a change in the nuclear phase out policy in Germany
on the price convergence and net exchange flows of the Northwest European countries. If there
is no nuclear phase out in Germany, then there would probably be less investment in coal and
gas technologies. We investigate the impact of nuclear policy in Germany in high demand sce-
narios. The assumed change in investment levels in Germany in high demand scenarios due to
nuclear policy is given in Table 5.3. Note that the growth ratio in Germany does not change sig-
nificantly since less new capacity is built in ‘no nuclear phase out scenario’ than in “‘nuclear
phase out scenario’.

Table 5.3 Development of generation capacity and peak demand in Germany in the period
2007-2020 in high demand case of nuclear phase out or no nuclear phase out

scenarios

[GW] Nuclear phase-out in GER ~ No nuclear phase-out in GER
L H L H

Total new generation capacity* 22.6 27.3 9.1 13.8

Closures* -13.8 -13.8 - -

Net Increase* 8.8 135 9.1 13.8

Demand growth rate 1.0% 1.0%

Growth ratio 0.71 1.08 0.73 1.10

* In order to be able to compare capacities of different technologies the capacities are multiplied by the average avail-
ability.

Comparison of simulations of nuclear phase out and no nuclear phase out scenarios is given in
Appendix E. The comparison indicates that change in nuclear policy does not have any impact
on neither the price differences nor the net exchange flows between the Northwest European
countries. The identical trends of average base load prices and net exchanges in ‘nuclear phase
out’ versus ‘no nuclear phase out’ scenarios can be explained by the same reasoning for identi-
cal trends in gas versus coal dominating investment scenarios.

Figure 5.9 shows a supply curve of Germany in 2020 (high investments and high prices) in both
nuclear phase out and no nuclear phase out scenarios. The comparison indicates that since nu-
clear has low production cost, it appears at the left hand side of the supply curve. Therefore, it
affects the shape of the supply curve at lower capacities. It also shifts the position of the new
generation capacities (e.g. coal & gas) further to the right; however since less new generation
capacity is built the shape of the supply curve remains identical at the right hand side for both
scenarios. Moreover even in summer off-peak (the lowest demand period in a year), the total
production (corrected for imports) exceeds the cheap base load and new generation capacity
(wind + hydro + new gas and coal). The intersection of the supply curve and the shifted demand
curve by imports is at old generation capacities with same marginal costs in both scenarios. This
leads to same prices in Germany. Hence, change in nuclear policy in Germany does not affect
the price differences and net import-export flows between Northwest European countries.
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Figure 5.9 Supply Curve (at high investments and high prices) versus high demand curve (in
summer off-peak) in Germany

One should note that the main reason of identical trends regardless of the nuclear policy is the
similar growth ratios in Germany in both scenarios. Therefore, the competitiveness of Germany
remains the same; so do the prices in Germany and the other countries.

5.4.4 High versus low wind energy production

In previous scenarios we have assumed average wind energy production in the whole year.
However, wind energy does not have a controllable output as fuel-fired power plants. There are
days with high or low wind throughout a year; thus the variability of wind energy production is
high. Therefore, this section analyses the impact of high and low wind availabilities on price
convergence and daily net exchange flows in future electricity markets. Table 5.5 gives the av-
erage, high, and low wind availabilities used in COMPETES simulations.

Table 5.4 Wind availabilities used in COMPETES scenerios

Average wind availability on-shore 0.27
Average wind availability off-shore 0.40
High wind availability on/off-shore 0.80
Low wind availability on/off-shore 0.10

The analysis focuses on the effect of simultaneous high and low wind availabilities in all the
countries on the following scenarios:

e Low investments and high demand case in 2020 at moderate and high price scenarios

e High investments and low demand case in 2020 at moderate and high price scenarios

Low Investments and high demand case

In low investments and high demand scenarios, there is tight capacity. Comparisons of average
base load price differences of the Netherlands and neighbouring countries for high, average, and
low wind availabilities are given in Appendix F.1. These comparisons indicate that the conver-
gence of base load prices have similar trends in both average and high wind availability scenar-
i0s. In low wind scenarios, the Netherlands becomes somewhat less competitive than Germany.
However, the low wind effect is not significant meaning that the prices in the Netherlands and
Germany still converge.
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Appendix F.3 compares the net exchange flows (in GWh/day) on a day with high, average, and
low wind. The percentage of wind energy in total generation capacity is high in both the Nether-
lands (22%) and Germany (18%). Therefore, these countries end up with a lot of excess com-
petitive generation capacity at high wind. The Netherlands’ net exports to Germany decrease
due to high wind production in Germany whereas its net exports to other countries increase.
Thus, the total net export of the Netherlands on a windy day is similar to the total net export of
the Netherlands on a day with average wind. On the contrary on a day with low wind, the Neth-
erlands suffer from scarce competitive generation capacity whereas Germany has still old gen-
eration capacity (e.g. coal). As a result when there is low wind, daily net imports from Germany
increase at moderate prices and daily net exports to Germany decrease at high prices. This leads
to a significant decrease in the net exports of the Netherlands.

High Investments and low demand case

Similar to the observations in the low investments and high demand case, the comparisons in
Appendix F.2 indicate that the impact of wind availability on convergence of average base load
prices is not significant. That is, prices still converge and the absolute differences between the
average base load prices do not change significantly between three wind scenarios. On the other
hand, the Netherlands become somewhat less competitive than Germany at low wind scenarios.

At high wind availability, the net exports of the Netherlands increase since it has more competi-
tive excess generation capacity due to high investments. Similar to the observations in the low
investments case at low wind availability, the net exports to Germany decrease and the net im-
ports from Germany increase. However, the negative effect on the total net exports of the Neth-
erlands is less in the high investments case than in the low investments case due to more com-
petitive generation capacity in the Netherlands.

As a result, it can be concluded that wind availability does not have a significant impact on con-
vergence of prices. Prices still converge at low and high wind scenarios. On a windy day both
the Netherlands and the Germany have a lot of wind energy production. Therefore, the net ex-
ports of the Netherlands are switched from Germany to the other countries. On a day with low
wind, the Netherlands suffer from scarce competitive generation capacity which results in sig-
nificant decrease of its net exports. When the Netherlands have more new generation capacity
(e.g. higher growth ratio), the negative effect of low wind availability on its net exports is less.

5.4.5 Capacity expansion in transmission network

In previous scenarios, the interconnector capacities are taken fixed as given in Figure 4.1. Note
that Figure 4.1 already involves the future capacity expansion plans for interconnections be-
tween the North West European countries. In baseline scenarios, it is observed that investments
in new generation capacity together with new interconnections and market coupling in pentalat-
eral market have a significant effect on the convergence of the electricity prices in North West
European countries. Market coupling between two national markets leads to more efficient use
of the interconnection capacity between these markets by counting net flows, rather than gross
flows in each direction, against transmission limits. In addition, due to the increase in intercon-
nection capacity between Germany and the Netherlands assumed in baseline scenarios, the in-
terconnector between these countries is rarely congested. Therefore, the prices in Germany and
the Netherlands are almost identical in most of the periods.

This section analyses the effect of further capacity expansion in transmission network in addi-
tion to the planned investments in interconnection capacities assumed in baseline scenarios. The
effect is analysed in high investment scenarios. Table 5.5 gives the assumed additional increase
in the interconnector capacities between North West European countries for this sensitivity
analysis.

40



Table 5.5 Capacity expansion in the network between the Northwest European countries

Interconnector Capacities in Capacity increase Capacities in
Baseline Scenarios sensitivity analysis

[MW] [MW] [MW]

Germany-France 3000 1000 4000

Belgium-France 2500 1000 3500

The Netherlands-Belgium 2000 1000 3000

The Netherlands-Germany 6000 1000 7000

UK-France 2000 1000 3000

Figures in Appendix G show that the further capacity expansion in transmission network does
not have a significant impact on average base load price differences; that is prices converge to
similar levels as in the baseline scenarios.

Although further increase of interconnection capacity does not have a significant impact on the
market prices, it might still influence the exchange flows. For instance, it is observed in this
sensitivity analysis that the exports from France to Belgium, Germany, and UK increase due to
the increase in interconnection capacity between France and these countries. Moreover, some of
the exports of the Netherlands are observed to be shifted from Germany to Belgium at moderate
prices and from Belgium and UK to Germany at high prices. Nevertheless, the interconnector
between the Netherlands and Germany is still rarely congested and the total net exports of the
Netherlands remain at almost identical values when the network capacity is increased. There-
fore, the effect of further capacity increase on the Netherlands’ total net exports/imports is not
significant as observed in Figure 4.1 whereas the total net exports/imports of the other countries
(i.e. Belgium, France, Germany) change significantly. This means the results of the analysis in
the baseline scenarios remain robust for the Netherlands if there is further capacity expansion in
the network.
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6. Conclusions

Within the next five to ten years important developments are expected to take place in North-
west European wholesale electricity markets. These developments will influence the competi-
tive market position of each country and the net exchange flows between the countries in the
Northwest Europe. This study mainly focuses on the impact of future developments on the de-
velopment of electricity prices and the annual net exchange of electricity between the Nether-
lands and its neighbouring countries; so that one can determine the key drivers which may en-
hance the competitive market position of the Netherlands in the integrated Northwest European
electricity market. The entire analysis is done by utilising the COMPETES model which has
been developed by ECN to simulate the competition in European electricity markets.

Today’s electricity markets

First of all for verification and validation of the model outcomes, the average wholesale prices

and the annual net exchanges in today’s Northwest European electricity markets obtained by

COMPETES model are compared with the actual market realisations in 2006. The comparisons

indicate that:

e Given the 2006 market structure, average base load prices and annual net exchanges in com-
petitive simulations of Northwest European electricity markets match with market realisa-
tions of 2006 quite well.

o Average peak load prices observed in 2006 are in between the average peak load prices ob-
tained from competitive and Cournot simulations of the Northwest European electricity mar-
kets. This indicates that during peak load firms are able to exercise market power.

Future electricity markets

Considering these results, the convergence of average base load prices and the annual net ex-
changes in future Northwest European electricity markets in 2020 are analysed under perfect
competition assumption. Then, given the same market structure in 2020 as in 2006 and a com-
plete market coupling in the pentalateral market, average peak load prices are analysed for a
limited number of scenarios under both perfect competition and Cournot competition assump-
tions in order to investigate whether the results are robust in both extreme cases. Moreover,
change in market structure in 2020 due to a merger of two firms in the Netherlands and Ger-
many is also taken into account in Cournot simulations.

In the analysis of future electricity markets, sixteen baseline scenarios in 2020 are simulated
first to analyse the impact of four main key drivers, namely: (1) investment levels in new gen-
eration capacity; (2) gas versus coal dominating investments; (3) demand growth, and (4) fuel
and CO; prices.

Major findings

The major findings of the baseline simulations can be summarised as follows:

e Convergence of base load prices between the Netherlands and the other Northwest European
countries (Germany, Belgium, France, and UK) takes place in all the baseline scenarios un-
der the assumption of perfect competition.

o Convergence of peak load prices is also observed when the firms act strategically. Moreover,
it is observed that the mergers do not have a significant effect on convergence of peak load
prices due to the complete market coupling in pentalateral market together with investments
in new competitive capacity in all the countries.

o The Netherlands’ net imports decrease significantly and it becomes a net exporting country
in most of the baseline scenarios. This result also confirms the findings of the previous en-
ergy and climate policy related studies conducted for the ministries of Economic Affairs
(EZ) and of the Environment (VROM). These studies show that the development of the
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Netherlands to become a net exporter of electricity is a rather robust result under the assump-
tions made for Clean and Efficient Programme (Menkveld et al., 2007, Daniéls et al., 2008,
Seebregts et al., 2008).

The competition between the Netherlands and Germany mainly determines the Netherlands’
being a net exporting country. For instance when the CO, prices are low and fuel prices are
high due to gas market conditions, Germany becomes more competitive due to its large
amount of coal based generation capacity and the Netherlands is still a net importing coun-
try.

The main key drivers which enhance competitiveness of the Netherlands against Germany
are a relatively higher growth ratio in the Netherlands (i.e. higher investments or lower de-
mand growth) and high fuel and CO, prices. The higher the growth ratio, the more the Neth-
erlands would have competitive excess capacity to export. When the CO, prices are high, the
gas based generating units in the Netherlands become more competitive than the coal based
generating units in Germany. As a result, at high investment levels and/or high CO, prices
the Netherlands becomes a net exporting country.

Simulations of coal dominating investment scenarios result in almost identical prices and net
exchange flows as the simulations of gas dominating investment scenarios. New gas and coal
generating units are more efficient in comparison to existing power plants. The new plants
never become the marginal unit operating with the highest marginal cost in the supply curve
even in off peak hours. Therefore, the prices are to a large extent set by the old fossil fuel
power plants. This indicates that the type of dominating new technology is not a determinant
factor for price convergence in Northwest European electricity markets and the Netherlands’
becoming a net exporting country.

Robustness of the findings

To analyse the robustness of the results for variations in the initial assumptions made for the
baseline scenarios a number of sensitivity analyses were performed. These variations relates to
the relative change of energy policies in the Netherlands compared to those of the neighbouring
countries (e.g. energy saving and environmental policy), the change of nuclear policy in Ger-
many, the increase in interconnector capacities between Northwest European countries, and
high and low wind availabilities. The results of the sensitivity analysis include:

The convergence of prices between the Netherlands and its neighbouring countries is a ro-
bust outcome of the future developments in the Northwest European electricity markets. That
is, the prices converge in all the variations of baseline scenarios considered in sensitivity
analysis.

The net import/export flows and the competitive position of the Netherlands in Northwest
European electricity markets is affected by the growth ratio in the Netherlands. Efficient en-
ergy saving program causes a higher growth ratio in the Netherlands; therefore it enhances
the competitive position of the Dutch power market whereas more stringent environmental
policy causes the Netherlands to have less competitive excess capacity.

One other concern is that how the nuclear policy in Germany would affect the competitive
position of the Netherlands. Observations from the future market simulations in sensitivity
analysis show that as far as the growth ratio in Germany remains the same in both scenarios,
for instance lower investments in new generation capacity in Germany in case of cancella-
tion of nuclear phase-out plans, then the competitive positions of Germany and the Nether-
lands remain similar regardless of the nuclear policy.

The increase in transmission capacities does not have significant impact on convergence of
prices and annual net exchange flows between the Netherlands and the neighbouring coun-
tries. Thus, current expansion plans for interconnector capacities used in baseline scenerios,
especially between the Netherlands and Germany, are sufficient for price convergence.
Finally, another factor which affects the daily net exchange flows in the future Northwest
European electricity markets is variations in wind energy production. Intermittency of wind
energy mostly affects the Netherlands and Germany since the percentage of wind capacity in
total installed capacities of these countries is relatively higher. In sensitivity analysis, it is
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observed that both the Netherlands and the Germany have a lot of wind energy production on
a windy day. Therefore, the net exports of the Netherlands are switched from Germany to the
other countries (Belgium, UK, Norway). On a day with low wind, the Netherlands suffers
from scarce competitive generation capacity which results in significant decrease of its net
exports. When the Netherlands have more new generation capacity (e.g. higher growth ra-
tio), the negative effect of low wind availability on its net exports is less. Thus, policies en-
couraging high investments in fuel based power plants or low demand growth in the Nether-
lands seems also to have the effect of hedging against low wind availability.

Government policy

As a result, the key drivers which influence competitive position of the Netherlands can be
summarised as high CO, prices and higher growth ratio in the Netherlands. The government
policies may have an influence on these key drivers. New emission targets in future will deter-
mine the CO, prices. If the CO, emission caps are tight, the Dutch power producers will be
more competitive due to high CO, prices.

The governmental policies which encourage lower demand growth in the Netherlands (e.g. the
Clean and Efficient program) would cause a higher growth ratio if current plans for new power
plants materialise and may put the Netherlands in a favourable position in the competition be-
tween future Northwest European electricity markets. Furthermore, policies encouraging high
investments in new fuel based power plants will also put the Netherlands in a safer position
against risk of scarce capacity due to low wind energy production. However, if investments in
new power plants in the Netherlands become unattractive because of stricter environmental
policies in comparison to those of neighbouring countries, the growth ratio will become smaller
and the competitive position of the Dutch power generators will become weaker.

Finally under the scenario assumptions of this study, it is observed that policy decisions on fur-
ther increase of interconnection capacities and on the fuel mix (gas versus coal) of new genera-
tion capacity do not have significant impact on price convergence and competition in future
Northwest European electricity markets.
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Appendix A The COMPETES model

To analyse the competition on wholesale electricity markets and between different national
markets ECN developed the COMPETES model. COMPETES covers twenty European elec-
tricity markets, i.e. Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany,
Hungary, Italy, Luxembourg, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden, Switzerland, and the United Kingdom. Here Denmark is divided into two parts
that belong to two different non-synchronised networks, while Luxembourg is added to Ger-
many, because there is generally no congestion between them. The model assumes that these
markets can influence the market prices in other markets.

The model is able to simulate strategic behaviour (oligopolistic competition) while considering
the effect of transmission constraints between countries. This strategic behaviour is based on the
theory of Cournot competition and Conjectured Supply Functions (CSF) on electric power net-
works'. The strategic behaviour of the generation companies is reflected in the conjectures each
company holds regarding the supply response of rival companies. These response functions
simulate each company’s expectations concerning how rivals will change their electricity sales
when prices change in response to the company’s actions; these expectations determine the per-
ceived profitability of capacity withholding and other strategies. The Cournot model represents
one possible conjecture: that rivals will not change their outputs; COMPETES can also simulate
the other extreme: that a company’s actions will not change price (price taking behaviour).
CSFs can be used to represent conjectures between these two extremes. COMPETES can also
represent different systems of transmission pricing, among them fixed transmission tariffs, con-
gestion-based pricing of physical transmission, netting restrictions, and auction pricing of inter-
face capacity between countries.

Virtually all generation companies in the twenty countries are covered by the input data of the
model. The user can specify which generation companies are assumed to behave strategically
and which companies will be allocated to the so-called ‘competitive fringe’ (i.e. the price tak-
ers). The model calculates the equilibrium behaviour of the generators - and the resulting out-
comes - by assuming that they simultaneously try to maximise their profits. By considering the
extremes of Cournot and perfectly competitive equilibria, as well as CSF equilibria between
those extremes, the robustness of conclusions to assumptions about degrees of competitive be-
haviour can be assessed.

With regard to consumer behaviour, the present version of the model considers 12 different lev-
els of demand, based on the typical demand during three seasons (winter, summer and au-
tumn/spring) and four time periods (super peak, peak, shoulder and off-peak). The “‘super peak’
period in each season consists of the 240 hours with the highest sum of the loads for the twenty

0 COMPETES stands for COmprehensive Market Power in Electricity Transmission and Energy Simulator. This
model is based on the theory of Cournot and Conjectured Supply Functions (CSF) competition on electric power
networks, and is developed in cooperation with Benjamin F. Hobbs, Professor in the Whiting School of Engineer-
ing of The Johns Hopkins University, Baltimore, Maryland, USA.

The basic transmission-constrained Cournot formulation underlying COMPETES was first presented in Hobbs
(2001), while the conjectured supply function generalization appeared first in Day et al. (2002). COMPETES it-
self, including alternative transmission pricing formulations, is presented and applied in Hobbs et al. (2003a,
2003b). COMPETES has been used to analyze issues such as effects of proposed mergers (Scheepers et al., 2003),
market coupling (Hobbs et al., 2005), and the EU Emissions Trading System (Neuhoff et al. 2006, Sijm et al.
2005, 2006, 2006a, 2006b). More recently, analyses have been undertaken of the representation of DC interties
with Nordpool and the full EU20 power market (Hobbs et al. 2008, Lise et al. 2008). COMPETES can consider
the market power mitigating effects of forward energy contracts as well as the effects of company conjectures
concerning how transmission prices are affected by company actions. The formulation of transmission constrained
oligopoly used by COMPETES is widely used in the industry, with the original Hobbs (2001) formulation being
cited over 60 times by archival journal articles.
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considered countries. The three other periods have equal numbers of hours and represent the rest
of the seasonal load duration curve. Altogether, the twelve periods represent all 8760 hours of a
year. The consumers are assumed to be price sensitive by using decreasing linear demand
curves depending on price. The number and duration of periods and the price elasticity of de-
mand in different periods are user-specified parameters.

Transmission of electricity among countries is constrained both by power transmission distri-
bution factors (PTDF), which is a linearised ‘DC load flow’ representation of the transmission
network, and path-based restrictions, which reflect the contractually allowed flows among coun-
tries. The linearised load flow model recognises the existence of controllable DC lines between
nonsynchronised markets (UK, UCTE, and Nordpool). Interface constraints in the path-based
restrictions include constraints between individual pairs of countries, as well as multicountry
interfaces (for instance, aggregate exports from Germany to the Netherlands and to France are
constrained). Note that the physical line capacity is generally larger than the contractually per-
mitted amounts and this difference is also reflected in the COMPETES model.

Figure A.1 EU-20 map
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Appendix B Annual net exchange flows in baseline scenarios

B.1  Annual net import-export flows in high investment scenarios

High demand and moderate prices High demand and high prices

Figure B.1 Net import-export flows [TWh/year] between the Northwest European countries in
high investment scenarios (gas dominating investments)

48



B.2  Annual net import-export flows in low investment scenarios

High demand and moderate prices High demand and high prices

Figure B.2 Net import-export flows [TWh/yr] between the Northwest European countries in low
investment scenarios (gas dominating investments)
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Appendix C The impact of effective energy saving program in the
Netherlands on price convergence and annual net
exchange flows in the Northwest European electricity

market

CA1 Price convergence

Figures give the comparison of average base-load price differences of the Netherlands with the
neighbouring countries in low and lower demand scenarios in the Netherlands. Figures indicate
that effective energy saving program does not have significant impact on average base load

price differences.
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C.2  Annual net import-export flows in high investment scenarios

Low demand in NL and moderate prices scenario  Lower demand in NL and moderate prices scenario

Figure C.2 Comparison of net import/export flows [TWh/yr] between the Northwest European
countries in high investments case of low and lower demand scenarios
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C.3  Annual net import-export flows in low investment scenarios

Low demand in NL and moderate prices scenario ~ Lower demand in NL and moderate prices scenario

Low demand in NL and high prices scenario Lower demand in NL and high prices scenario

Figure C.3 Comparison of net import/export flows [TWh/year] between the Northwest
European countries in low investments case of low and lower demand scenarios
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Appendix D The impact of more stringent environmental policy in
the Netherlands on price convergence and net
exchange flows in the Northwest European electricity

market

D.1 Price convergence

a. High investments case of high investments in NL
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b. High investments case of limited investments in NL
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Figure D.1 Comparison of average base-load price differences in high and limited investment
scenarios in the Netherlands for high demand case and gas dominating
investments. Figures indicate that more stringent environmental policy does not
have significant impact on average base load price differences
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D.2  Annual net import-export flows in high investment scenarios

High investments and moderate prices scenario Limited investments and moderate prices scenario

Figure D.2 Comparison of net import export flows [TWh/yr] between the Northwest European
countries in high investments (gas dominating) and high demand case of high and
limited investment scenarios
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D.3  Annual net import-export flows in low investment scenarios

Figures give the

High investments and moderate prices scenario Limited investments and moderate prices scenario

High investments and high prices scenario Limited investments and high prices scenario

Figure D.3 Comparison of net import export flows between [TWh/yr] the Northwest European
countries in low investments (gas dominating) and high demand case of high and
limited investment scenarios

ECN-E--08-044 55



€/MWh

€/MWh

Appendix E  The impact of nuclear policy in Germany on price
convergence and annual net exchanges in the Northwest
European electricity market

E.1  Price convergence

a. Nuclear phase out in GER and high investments b. No nuclear phase out in GER and high investments
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Figure E.1 Comparison of average base-load price differences in high demand case of nuclear
phase out and no nuclear phase out scenarios in Germany. Figures indicate that
nuclear policy in Germany does not have any impact on average base load price
differences in the Northwest European electricity market
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E.2  Annual net exchanges

a. Nuclear phase out in GER and high investments b. No nuclear phase out in GER and high investments
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C. Nuclear phase out in GER and low investments d. No nuclear phase out in GER and low investments
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Figure E.2 Comparison of net exchanges [TWh/yr] in high demand case of nuclear phase out
and no nuclear phase out scenarios in Germany. Figures indicate that nuclear
policy in Germany does not have any impact on net exchanges in the Northwest

European electricity market
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Appendix F The impact of wind availability on price convergence and daily net exchange flows in the Northwest
European electricity market

F.1 Price convergence in low investments and high demand scenarios

High Wind Average Wind Low Wind
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Figure F.1 Comparisons of low, average, and high wind availabilities on base load price differences between the Netherlands and neighbouring countries in
low investments and high demand scenarios
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F.2 Price convergence in high investments and low demand scenarios
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Figure F.2 Comparisons of low, average, and high wind availabilities on base load price differences between the Netherlands and neighbouring countries in
high investments and low demand scenarios
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F.3  Daily net exchange flows in low investments and high demand scenarios

High Wind-Moderate Prices Average Wind-Moderate Prices Low Wind-Moderate Prices

Figure F.3 Comparisons of low, average, and high wind availabilities on daily net exchange flows [GWh/day] between the Northwest European countries in
low investments and high demand scenarios
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F.4  Daily net exchange flows in high investments and low demand scenarios
High Wind-Moderate Prices Average Wind-Moderate Prices Low Wind-Moderate Prices
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Figure F.4 Impact of low and high wind availabilities on daily net exchange flows [GWh/day] between the Northwest European countries in high investments
and low demand scenarios
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Appendix G The impact of expansion in interconnector capacities
on price convergence and annual net exchange flows
in the Northwest European electricity market

G.1 Price convergence

a. High investments and high demand case b. High investments and high demand case
2020 transmission network Increased Network Capacity
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C. High investments and low demand case d. High investments and low demand case
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Figure G.1 Figures display the effect of increased network capacity on the average base load
price differences of the Netherlands with neighbouring countries in high
investments scenarios (gas dominating)

62 ECN-E--08-044



TWh

TWh

G.2  Annual net exchanges

a. High investments and high demand case
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C. High investments and low demand case
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b. High investments and high demand case
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Figure G.2 Figures display the effect of increased network capacity on the net exchanges of the
Northwest European countries in high investments scenarios (gas dominating)
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