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EXECUTIVE SUMMARY 

1. CRA International (“CRA”) has been retained by the Dutch Competition Authority 
(NMa) to model the possible impact on wholesale electricity prices which would 
result from a merger between Essent and Nuon. We have been asked to consider 
two specific years: 2009 and 2012. 

2. To model the effects of the merger we have used CRA’s proprietary model of 
strategic behaviour in electricity markets, COMPEL. This model is based on a 
Supply Function Equilibrium (SFE) algorithm, which also allows generators to 
economically withhold their plants on a daily basis. Competition in generation 
markets is a complex process and any model (including COMPEL) must abstract 
from some of the details of these markets. COMPEL however provides an 
alternative way to model the effects of the Essent/Nuon merger relative to the 
modelling that has been put forward by NERA (for the merging parties) and Frontier 
Economics (for an intervener). We believe that in several important ways COMPEL 
provides a more realistic characterisation of generation markets than the models 
used by NERA and by Frontier.  

3. Our modelling results find significant price effects from the merger in 2009, 
particularly in the peak periods and during the winter season. Simulation modelling 
with COMPEL estimates peak price increases ranging from 1% to 24% when 
assessed on a monthly basis, with an average annual increase in peak prices of 
10%. Prices during off-peak hours are predicted to rise by 5% on average. We 
consider these results a logical result of the reduction in number of major 
competing parties in the market and the relatively modest addition of new 
generating and interconnection capacity assumed by 2009. Our results for 2009 
are of a similar order of magnitude of the predictions of NERA’s Cournot model 
(especially during high-demand hours), and generally below the price effects 
predicted by NERA and Frontier’s SFE models (which is to be expected, given 
some of the features of these models). 

4. The results from COMPEL predict a smaller (but still material) impact of the merger 
on prices in 2012, compared to 2009. Peak prices are predicted to increase by 4% 
on average, with significant price increases in January, February and December 
(all in excess of 8%). Off-peak price are predicted to increase by 2% on average. 
The resulting loss in consumer surplus would still be considerable also in 2012. 
The smaller effects found in 2012 relative to 2009 is a function of the significant 
increase in the reserve margin that is projected to occur by 2012 according to the 
NMa’s assumptions. Our results are broadly similar to those found by NERA’s SFE 
model. This is partially driven by a similar set of assumptions in relation to new 
entry by 2012. 
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5. We have also modelled potential divestments that would be required to prevent a 
significant lessening of competition after the merger. We have assessed 
divestments using a “best-case” benchmark, which assumes that all divested plants 
act as price-takers in the market, and that they are sold to other parties outright (i.e. 
not as a virtual capacity release). These assumptions maximise the effectiveness 
of the divestments that we model, in terms of their ability to mitigate market power. 
In this sense our results indicate a lower bound on the required level of 
divestments. Our modelling of divestments is similar to the one followed by NERA. 

6. Our modelling results show that that divestments proposed by NERA are 
insufficient to remove the adverse effect of the merger and prevent prices from 
rising (especially in 2009). NMa must make a policy decision on the level of 
expected price increases that are tolerable from the proposed merger. As our 
assumptions maximise the pro-competitive effect of the divestment, we have used 
as a benchmark in examining divestments that the remedy should remove all of the 
price impact from the merger that is predicted by the model, and possibly even 
predict a small reduction in prices.   

7. As an illustration of the way in which NERA’s proposed divestment would need to 
be enhanced to meet this benchmark of no post-merger price increases, we have 
modelled an alternative divestment portfolio which also includes [...]. This would 
bring the total size of the divestment to roughly 1.95 GW, and would add both 
baseload (must-run) and mid-merit capacity to the initial portfolio. COMPEL 
predicts that this would be sufficient to prevent prices from rising after the merger 
(under the assumptions on the nature of the divestment spelt out above).  

8. We have stress-tested both the impact of NERA’s divestment portfolio and of our 
enhanced remedy under two alternative assumptions: 1) all imports as part of the 
competitive fringe (which removes 400 MW from both parties pre-merger; and 400 
MW from the merged entity post-merger); and 2) higher fuel prices.  Both 
sensitivities broadly confirm the results of our baseline case.  

9. These results are obtained under an important assumption. We assumed that two 
of the main plants in NERA’s proposed divestment portfolio [...] can be modelled as 
non-baseload plants and therefore contribute in an important way to the 
incremental economic withholding of output which would result from the merger. If, 
on the contrary, these plants actually have must-run obligations because they run 
on blast-furnace gas (as NERA assumes) then NERA’s proposed list appears too 
light on “strategic” generation (i.e. generation that would be withheld as result of the 
merger), and it would need to be enhanced with additional strategic plants. Given 
the uncertainty about the exact operations of the plants in NERA’s proposed list, 
the NMa should explore in more detail how these plants can be expected to 
operate after the merger in order to assess their suitability for inclusion in the 
divestment package. A different mix of baseload and peaking generation than the 
one that we have modelled would also affect the predictions of our modelling, 
potentially leading to a larger divestment being required.  
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10. We also note that in order to maximise its impact the divestment portfolio should 
not be given to a single market participant. This especially applies to our enhanced 
proposal, because it contains baseload, mid-merit and peaking generation and if 
used strategically could raise prices.   

11. The transient nature of some of the price effects estimated by our modelling 
suggests the results are sensitive to the import and new capacity assumptions 
taken in the model.  In a scenario of limited change from current market condition 
(i.e. in 2009), the merger effects are large. With significant new capacity in the 
market, effects are diminished, although not eliminated. This suggests that 
structural change in the Dutch market may mitigate market power. The extent and 
timing of new generation and interconnection capacity is however uncertain. 
BritNed, for example, is a significant addition, but NMa internal reports suggest its 
economics are marginal and the direction of flow on the line are unpredictable – 
based more on arbitrage opportunities than baseload flow. With uncertainty 
surrounding possible structural mitigation of merger effects, capacity release 
auctions are a potential option if accompanied by a commitment to review 
circumstances before 2012 when new capacity additions will be more certain. 
Relying on capacity release auctions would reduce the effectiveness of the 
divestment below the levels modelled in this report, and may require a larger 
divestment in the short to medium term. 
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1. INTRODUCTION 

CRA International (CRA) has been retained by the Dutch Competition Authority (the NMa) 
to model the potential effects on Dutch wholesale electricity prices of a merger between 
Essent and Nuon. We have been asked to simulate the impact of the merger for both 
2009 and 2012, and to also consider possible divestments. This report sets out our 
findings.1

The results presented in this report are based on an application of CRA’s model of 
strategic behaviour in electricity markets, COMPEL. This model has been developed by 
Dr. Aleksandr Rudkevich, a modelling expert with extensive experience of deregulated 
electricity markets, and one of the authors of this report. The authors of this report also 
have direct knowledge of the Dutch electricity market, and have been involved in the 
economic assessment of several recent European mergers in the electricity industry, 
including GDF/Suez; Gas Natural/Endesa; EDP/ENI/GDP.  

The structure of this report is as follows: 

• In section 2 of this report we describe our modelling approach and the model 
(COMPEL) which we use to estimate the merger effects.  More details on how 
COMPEL works can be found in Appendix A. 

• In section 3 we describe the market input assumptions used in the model.  This 
includes a description of the supply and demand fundamentals used, based on 
information provided by the NMa. 

• In section 4 we present out modelling results, including the calibration of 
COMPEL to historical prices and generation in 2006; the effect of the proposed 
prices as estimated by COMPEL for 2009 and 2012; and the level of divestments 
estimated by COMPEL to be required to remove the post-merger price effects 
(under a number of scenarios). 

• In section 5 we compare our modelling results with those that have been 
submitted by NERA Economic Consulting (for the merging parties) and by 
Frontier Economics (for an intervener), and explain the main differences in 
results. Our separate report reviewing NERA’s and Frontier’s modelling provides 
an in-depth analysis of their results.2 

This report also includes a number of technical appendices which we refer to in the main 
text. 

                                                 

1  In this report we do not consider the possible effects of the merger at the retail level, nor do we assess potential 

coordinated effects arising from the transaction.  

2  See CRA International, “Essent/Nuon: Simulating effects in the Dutch wholesale electricity market. A review of 

NERA and Frontier’s results”, August 2007. 
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2. OUR MODELLING APPROACH 

2.1. THE ROLE OF MERGER SIMULATIONS IN ELECTRICITY MARKETS 

Generation markets are complex, and power prices are a function of numerous variables, 
with complex interactions. Any simulation model of the wholesale electricity market – 
based on any economic theory - must necessarily abstract from some of these 
complexities and present a stylised view of how the market actually works. This implies 
that merger simulations cannot be used to exactly forecast electricity prices.  

Models can be used to provide an estimate of potential price effects from a merger, but 
these results will necessarily have a significant margin of error and need to be interpreted 
carefully. Nonetheless, merger simulations can be useful to guide the understanding of 
the potential size of effects from a merger and can go beyond the use of simple structural 
indicators of market power (e.g. concentration measures; and pivotality indicators). The 
NMa’s Vision Document on Energy Mergers3 recognises the value of simulations to 
understand the potential effects from mergers in the Dutch electricity sector.  

There are a number of ways to model electricity markets. The NMa’s Vision Document 
makes explicit reference to two potential modelling frameworks: “Cournot” models of 
quantity competition; and Supply Function Equilibria (SFE) models. The Brattle report 
commissioned by the NMa as background to its Vision Document used a Cournot model 
to simulate the potential effects of a merger between Essent and Nuon.4 NERA (on behalf 
of the merging parties) has submitted to the NMa both a Cournot and an SFE simulation 
of the merger. Frontier has relied on a SFE model to evaluate the impact of the merger. 
Our separate report on the NERA and Frontier simulations provides a full description of 
the modelling approaches that they have followed, and of their results. 

In this report we provide an alternative modelling approach to the Cournot and SFE 
models used by NERA and Frontier. Our alternative approach combines some of the 
main features of Cournot and SFE modelling. It also seeks to provide a more realistic 
description of how electricity markets work than the stylised Cournot and SFE models 
employed by NERA and Frontier. We highlight the main differences between COMPEL 
and the models employed by NERA and Frontier later in this section, and describe them 
more extensively in Section 6 of this report.   

                                                 

3  NMa, Vision Document on Mergers in Energy Markets, November 2006. 

4  The Brattle Group, “Factors affecting geographical market definition and merger control for the Dutch electricity 

sector”, June 2006. 
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2.2. MODELLING MERGER EFFECTS USING COMPEL 

The modelling results presented in this report are obtained using CRA’s proprietary model 
of profit-maximising conduct in electricity markets, COMPEL. COMPEL recognises the 
oligopolistic features of generation markets and seeks to model how firms with market 
power can obtain profits that are in excess of the competitive level by behaving 
strategically.5 Throughout this report we use the term “strategic conduct (or behaviour)” 
as meaning profit-maximising behaviour by firms with a portfolio of plants and a significant 
market position, taking the behaviour of other players in the market into account. 
Typically, strategic behaviour by suppliers will be aimed at reducing output and increasing 
prices, in order to increase profits above the competitive benchmark. We also use the 
term “withholding” to refer to the fact that strategic conduct may lead some plants to being 
offered to the market at high prices, and therefore being economically withheld from the 
market. 

COMPEL is based on a numerical approximation of two separate processes: a Supply 
Function Equilibrium (SFE) algorithm; and a profit-maximizing daily commitment 
algorithm.   

COMPEL simulates the theoretical SFE concept on each day that it models.6 It constrains 
each generating unit to submit a constant bid across the day, which therefore needs to 
optimise profits across different demand levels.7 The constraint in COMPEL requiring 
daily – and not hourly - bidding is a way to ensure that the bidding and production 
patterns predicted by the model are realistic (i.e. it rules out large jumps in bids and/or 
volumes across consecutive hours of the same day, which often produce highly 
unrealistic results). This constraint also reduces market power to more realistic levels, 
and in line with observed prices (see our discussion of calibration to actual market 
outcomes below). 

                                                 

5  The strategic conduct that is modelled by COMPEL is therefore equivalent to the standard notion of profit 

maximisation by firms in an oligopoly market.  

6  The theoretical foundation of the SFE is set out in a paper by P. Klemperer and M. Meyer (“Supply function 

equilibria in oligopoly under uncertainty”, Econometrica, 57(6), 1989). This paper showed the range of equilibria 

which are possible when firms are assumed to compete through supply functions and face uncertainty. See our 

companion report for additional details on the SFE approach. 

7  This is similar to the approach followed by R. Green and D. Newbery in their original simulation of the British 

electricity spot market (see “Competition in the British spot electricity market ”, Journal of Political Economy, 

100(5), 1992). 
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Any economic model of oligopoly requires some solution concept. In simple terms, 
COMPEL, like some other models, is designed to look for “equilibrium points” across the 
possible strategies that might be employed by strategic generators in the market. To the 
extent that strategy combinations represent Nash equilibria – and hence are “stable” in 
some sense – the generators will have no incentive to deviate from behaving in this way 
and the resulting outcome is plausible. It should be noted that complex models of 
generator oligopoly may find multiple equilibria under the same set of conditions, and that 
interpreting the results is thus important.8

There are two basic stages in COMPEL. In the SFE stage of the model, COMPEL deals 
with a set of available generating units and identifies the equilibrium where the most 
expensive available unit is pricing at cost while all other units are priced below it but 
above their respective costs. This is equivalent to the most competitive SFE for a given 
set of available units. This equilibrium is found through a numerical approximation of the 
equations given in the Klemperer and Meyer paper (cited previously) and extended for 
non-symmetrical systems.  

The SFE stage of COMPEL is therefore picking the lowest-price SFE for a given set of 
generation units. The model ensures that this equilibrium selection does not under-
estimate market power by also considering a daily quantity withholding algorithm, as 
described below.   

COMPEL augments the most competitive SFE identified above by also allowing firms to 
economically withhold units on a daily basis (i.e. pricing them above the market clearing 
price). This is equivalent to pricing some units above the highest market-clearing price 
within a day, and therefore economically withholding them from the market. This outcome 
can therefore be achieved by submitting high bids and it does not require physical 
withholding of capacity.  

The withholding stage of COMPEL makes generating units unavailable for the SFE stage.  
Units can however only be withheld in this way on a daily basis, which implies that the 
model does not allow for a Cournot outcome at all demand points. The model allows firms 
to withhold individual generation units (or partial segments of those units) from the 
market, and then recalculates the SFE based on the new available generation stack. The 
SFE changes when units are withheld, because more expensive units may be forced to 
produce and therefore participate in the SFE formation. The daily withholding algorithm 
iterates until no player wants to deviate from an outcome. 

                                                 

8  The economic literature on SFE shows that a range of equilibria is possible. In the symmetric case (where all 

firms have the same size and cost structures) the least competitive SFE reaches the “Cournot” outcome at the 

point of maximum demand (i.e. when demand is at its highest level, all firms produce the Cournot output and 

obtain the highest prices that are achievable in a non-coordinated outcome); and it predicts lower prices at all 

other levels of demand. The most competitive SFE results in the “Bertrand” outcome (with prices equal to 

variable costs) at maximum demand.  In a non-symmetrical setting, the structure of potential equilibria is more 

complicated and is not amenable to the simple Bertrand-Cournot analogy. 
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By allowing for daily bidding and daily withholding, the COMPEL model reduces market 
power relative to models which allow for hourly changes in bids and quantities offered. 
The imposition of a daily constraint also results in a more realistic bidding and output 
pattern and one that is less likely to violate operational constraints on plant dispatch. The 
fact that COMPEL calibrates reasonably well to actual market outcomes when one uses 
plausible assumptions on demand elasticity and contract cover (see below) also confirms 
that the model describes how the generation market operates adequately. The calibration 
of COMPEL to actual outcomes also gives us confidence that the merger effects that it 
predicts are reasonable.9  

The combined effect of the two algorithms used by COMPEL is to select one of the 
possible equilibria in a SFE set-up. If all players were symmetric, the model would select 
the least competitive SFE (i.e. the one that converges to Cournot at maximum demand in 
each day). We then use this equilibrium selection to calibrate the model to actual market 
outcomes. Our equilibrium selection is reasonable since it allows firms to obtain the best 
possible outcome subject to the constraint imposed by the model (most notably the 
constraint of constant bids across the day).  

CRA staff used COMPEL in public cases and for confidential clients to gauge the impact 
of the market power potential on electricity prices, on the value of generation and 
transmission assets and to assess the efficacy of market power mitigation strategies.  
COMPEL was successfully applied to virtually all electricity markets in the United States, 
Canadian provinces of New Brunswick and Ontario and in El Salvador.  COMPEL was 
used in a detailed study of the market power potential in the power system in the State of 
Wisconsin on behalf of the Wisconsin Public Service Commission10 and to assess the 
magnitude of market power in the New York City load pocket.11

For a fuller explanation of how COMPEL functions, see Appendix A. 

                                                 

9  See Appendix 6 of the Brattle report for a discussion of the role of calibration in ensuring that realistic estimates 

of merger effects are obtained. 

10  Horizontal Market Power in Wisconsin Electricity Markets: A Report to The Public Service Commission of 

Wisconsin.  http://www.utilityregulation.com/content/reports/WImktstudy.pdf  

11  Affidavit of Aleksandr Rudkevich before the US Federal Regulatory Commission on behalf of KeySpan-

Ravenswood, Inc.  FERC Docket Nos. ER01-3155-000, ER01-1385-001, EL01-45-001 and EL02-59-000, April 

23, 2002  
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Summary comparison with NERA and Frontier models 

COMPEL is similar to the models used by NERA and by Frontier in their modelling of the 
effects of Essent/Nuon in that it also seeks to model how the merger could increase 
prices by making strategic conduct (e.g. economic withholding of capacity) more 
profitable. COMPEL is also a SFE model, and is therefore based on the same economic 
foundation of the SFE models used by NERA and by Frontier. It however differs from the 
simplified SFE models of NERA and Frontier in two important ways: (a) it models optimal 
bidding conduct on a daily rather than hourly basis. This limits the degree of market 
power held by generators and it rules out extreme (and unrealistic) forms of bidding 
behaviour within days; (b) it does not rely on a pre-assigned set of simplified mark-up 
strategies to then search for possible equilibria, but it instead approximates one of the 
SFE identified by the economic literature. The implications of these differences are 
explained more fully in Section 6 of this report.  

COMPEL also differs from the Cournot model used by NERA since it only allows firms to 
reach Cournot-type outcomes under specific conditions, and it does not assume that 
Cournot equilibria can be achieved at all hours of the year. This also limits market power 
to more realistic levels and rules out extreme forms of bidding conduct across hours. See 
Section 6 for a more extensive discussion of the difference between COMPEL and 
Cournot models. 
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3. MODEL INPUT ASSUMPTIONS 

Most of the input assumptions used in our modeling have been directly provided by the 
NMa. This information is in turn based on data provided by the merging parties, other 
market parties, DTe and TenneT. We note below where we have made additional input 
assumptions not based on data provided by the NMa. Given that most of the information 
we use comes directly from market parties, we consider that the data used in our 
modeling is a reliable description of how the market actually operates. We have not 
however independently validated the data as part of our work.  

3.1. DEMAND SHAPE AND GROWTH 

One of the most critical elements of electricity market modelling is having supply and 
demand balanced:  it is essential that supply sources included in the model are consistent 
with the process used to identify demand requirements.   

CRA estimated 2006 load shape using two primary data sources: 1) data on hourly 
production in the Netherlands in 2006 based on the power plants connected to the high 
voltage grids that the DTe tracks12 for market monitoring purposes and refer to plants 
with more than 15 MW of capacity and 2) net hourly imports aggregated from 15-minute 
net interchange data reported by TenneT.   The sum of these two data items forms the 
estimate of hourly demand. 

Matching this demand, the supply sources in 2006 are all power plants for which hourly 
data for DTe was available plus net imports from Belgium and Germany.  We also added 
two aggregates of small Combined Heat and Power (CHP) plants13 owned by the 
merging parties ([…] MW for Essent and […] MW for Nuon) whose hourly output was not 
included in DTe data, but for which the merging parties provided annual output to the 
NMa.  To reflect their addition to the supply stack, CRA increased 2006 peak demand by 
[…] MW and shaped this addition for other hours in proportion to total hourly demand.14

For the purpose of comparing assumptions and modelling results, it is important to note 
that CRA excluded from consideration units not part of the production database.  Based 
on estimates from the NMa this includes mainly small scale (cogen) plants not connected 
to the high and medium voltage grids and wind units.  

                                                 

12  DTe tracks information on efficiencies, production and availability of power plants in Netherlands.  DTe has the 

right to request this information from market participants to fulfil its tasks to monitor the wholesale markets for 

electricity and natural gas.  

13  We were not provided with any details about the breakdown of these plants and no plant names were identified. 

14  This is a conservative assumption given that the plants were modeled as low cost CHP generators running flat 

out at peak demand periods.  
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The differences between the load data CRA used in COMPEL and those obtainable 
through TenneT and UCTE (and used by Frontier and NERA) are largely explainable by 
these differences. The installed and available capacity included in COMPEL is 
commensurately lower. 

We believe this approach has significant advantages. By construction, this approach 
leads to a balanced combination of supply and demand, because the demand is taken as 
the total output of all supplies (generators and imports) which are explicitly included into 
the simulation model, i.e. COMPEL. 

In order to model demand in 2009 and 2012 we applied load growth assumptions (~2% 
p.a) provided through the NMa by TenneT to the 2006 load shape.  These assumptions 
are consistent with the estimates used in TenneT’s capacity plans. Analysis of these data 
indicates that growth rates of the system peak and annual energy consumption between 
2006 and 2011 are virtually indistinguishable.  Therefore, the entire 2006 load shape was 
scaled at the same growth rate in order to produce 2009 and 2012 loads.  These load 
shapes were then re-adjusted for the day of the week such that the load on Monday in 
July of 2009 would be a scaled load from Monday in July of 2006.  Finally, 2012 load 
shape was further increased by 1,000 MW to reflect the export potential into Great Britain 
provided by the addition of the BritNed DC cable.  

The figures below plot our load duration curves for 2009 and 2012 and the average 
winter/summer loads for 2009.  

Figure 1: Load Duration Curve 2009/2012 
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Figure 2: Average Load Shape Summer/Winter 

Average Summer/Winter Load Profile

0

2000

4000

6000

8000

10000

12000

14000

16000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Winter

Summer

 

 

3.2. DEMAND ELASTICITY 

COMPEL model assumes that demand is linear. The slope of this demand is calibrated 
for each day at the point where maximum demand on that day intersects the merit order 
supply curve based on short-run marginal costs.  This slope is then applied to demand in 
each hour of that day.  If the simulated market price for an hour equals short-run marginal 
cost, the demand in that hour will be set at the forecast input level. If simulated price 
increases above short-run marginal cost, demand will decline linearly according to the 
calibrated slope.  

The corresponding elasticity values which we report in our calibration (see below) refer to 
the implied elasticity of retail demand. We have assumed a difference between wholesale 
prices and retail prices of €50/MWh, to reflect transmission and distribution costs.  For 
example, if retail price elasticity is -0.1, a 1% increase in retail price causes 0.1% 
reduction in demand. If retail price is €75/MWh, the wholesale price is €25/MWh. A 10% 
increase in retail price (i.e. €7.50/MWh would be equivalent to 30% increase in the 
wholesale price (€7.5 is 30% of €25). This implies that a 30% increase in wholesale price 
causes the same reduction in demand as 10% increase in the retail price, Therefore, at 
the wholesale level the demand elasticity will be smaller, i.e. -0.033.  

.  
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3.3. AVAILABLE GENERATION AND COST PROFILE 

3.3.1. Generator Stack and Ownership Data 

The NMa provided us with information on existing and planned generation capacity in the 
Netherlands, which we have then used within COMPEL. This data was collected from 
market parties. This information is summarized in Table 1 which shows separately 
installed capacity for Electrabel, Essent, Nuon, E.ON (which are defined as ‘strategic 
generators’ in COMPEL– see section 3.7 below) and other generation owners.  This table 
also shows separately the level of capacity included in COMPEL simulations in line with 
the discussion of the load and the level of capacity not included in COMPEL. 

Table 1: Pre-merger Installed Capacity for 2006, 2009 and 2012 (excluding wind) 

 2006 2009 2012 

Strategic Firms  

Electrabel […] […] […] 

Essent (included in COMPEL)a […] […] […] 

Essent (not Included in COMPEL)b […] - - 

Nuon […] […] […] 

E.ON […] […] […] 

Subtotal Strategic 13,950 14,724 14,449 

Non-strategic Firms    

Included in COMPEL 3,258 4,378 6,063 

Not included in COMPELc 2,477 2,415 2,415 

Subtotal Non-strategic 5,735 6,793 8,479 

Total Included in COMPEL 17,164 19,102 20,513 

Total Installed Capacity
a

19,685 21,517 22,928 
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Imports    

Assigned to Essent 400 400 400 

Assigned to Nuon 400 400 400 

Others 2,800 3,100 3,100 

NorNed - 700 700 

BritNed - - 450 

Total Imports 3,600 4,600 5,050 

Total Supplies in COMPEL 20,764 23,702 25,563 

Total Supplies 23,285 26,117 27,978 

 

a  In the data provided to us 2006 also included […], which subsequently is retired. 

b […] was not modelled for calibration purposes in 2006 due to absence of production data (it should be 

considered as part of the category of other non-strategic firms). It is included in the model in 2009 and 2012 

as it was acquired by Essent in January 2007. 

c  […] MW decline from 2006 to 2009 is due to retirement of the […] not included in the model. 

 

In line with the discussion on load, we have modelled the installed non-wind capacity of 
17.2 GW of power plants in 2006, 19.1 GW in 2009 and 22.9 GW in 2012. 

These power plants directly match the production data we received from the market 
parties via the NMa. Plants without information on hourly production were excluded from 
the model. At the same time, the portion of the system load served by these unaccounted 
for plants is excluded from the model. As noted earlier, the exception was the inclusion of 
two aggregates of CHP generating units owned by merging parties ([…] MW for Essent 
and [...] MW for Nuon). 

By necessarily excluding from COMPEL the capacity for the plants for which we did not 
receive production data (approximately 2.5GW) we are implicitly assuming that this does 
not materially affect the results from COMPEL.  We think this is a reasonable assumption: 

• Little is known about the contractual obligations of the 2.5GW of capacity and in 
particular whether it is either available to the wholesale electricity market or is 
remunerated based on the spot price (or some other derivation of the spot price) for 
electricity. As a result, this capacity is unlikely to be constraining the merging parties 
during peak periods.  

• The 2.5GW of capacity is meeting a demand for local decentralised demand. If this 
capacity was included into the load shape then its associated demand would also 
need to be included.  This is the approach taken by NERA and Frontier in their 
submissions.  But since little is known about their production profile (other than it 
perhaps follows an industrial load profile – NMa) this would also be an approximation. 
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We have applied ownership and dispatch rights per instruction from the NMa. The main 
impact of these assumptions is that Essent is assumed to have no profit incentive from 
certain CHP plants; this reduces the pre-merger size of Essent which ceteris paribus 
should reduce the incentive to withhold capacity.15 These plants amount to a total of  […]  
MW in 2006, using capacity data supplied by Essent to the NMa. We have also excluded 
wind capacity from the portfolio of Essent, in line with our overall approach to load and 
generation described above. This amounts to  […] MW of available capacity, according to 
Essent.  

The net result of these assumptions have the effect of making Essent smaller than the 
level assumed in the modelling put forward by NERA on behalf of the merging parties. By 
implication, the modelling results put forward below present a conservative assessment of 
the possible effects of the merger, relative to those presented by the merging parties. This 
is because in the COMPEL representation of Essent, the CHPs that we have excluded do 
not contribute to Essent’s incentive to behave strategically compared to modelling 
assumptions used by NERA.  We refer to our separate report for a fuller description of the 
differences between the assumptions used in our modelling, and the corresponding 
assumptions used by NERA and by Frontier.  

3.3.2. Operating and Cost Assumptions 

A number of plants have must-run commitments due to their CHP status. Nuon and 
Essent provided to the NMa monthly must-run commitments for each of their units 
included in COMPEL.  We used these values to create seasonal (rather than monthly) 
must run profiles for those plants. 

All other CHPs were modelled as having a portion of must-run capacity.  For each plant 
we analysed hourly production data to determine the proportion of capacity which should 
be considered as must-run.  We estimated this portion as average over month MW output 
less one standard deviation of that output in a month.  We then averaged those estimates 
across seasons (summer vs. winter).  For that purpose, we defined summer as 6 months 
from May through October and winter as the remaining 6 months of the year.  

Must-run generators are assumed to be dispatched in each hour and are the largest 
beneficiaries of any price increase caused by the merger. Must-run assumptions are 
important for the modelling results because they make a significant impact on the 
incentive for each strategic firm to economically withhold output. 

 

                                                 

15 This may not be a robust assumption if, by owning economic rights to profits from those units, it benefits from 

withholding other units and securing increased profits on the CHPs (WKC’s).  We note in some cases, these 

plants may be subject to off-take agreements not indexed to market prices. In these cases, the assumption is 

neutral to the quantification of effects. The WKCs excluded from Essent’s ownership are: […].  
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We modelled Borssele nuclear plant as must run in order to match expected operating 
patterns. 

Power plant efficiencies were provided by the NMa and were based on information legally 
required to be submitted by Essent and Nuon for their plants and by other market parties 
for their respective assets. In some small instances, were no heat rate data was provided, 
we assumed low heat rates for those plants. 

Variable Operating and Maintenance (VOM) costs were provided by the NMa; they 
appear to be broad estimates rather than individual estimates.  Given the estimated VOM 
costs, we do not expect the absolute level to have any significant impact on results as 
they are broadly in line with our own expectations for the types of power plants 
considered. These VOM costs also generally make a relatively small contribution to total 
generation costs compared to the cost of fuel. 

We did not model minimum up or down times, start-up costs or ramping constraints. This 
is in line with the modelling of NERA and Frontier as well. We do not expect this 
restriction to have a significant impact on our quantification of merger effects, partially 
because COMPEL limits generators to more realistic bidding by not allowing bids to 
change hourly during the day. This constraint typically leads to production behaviour 
which is less likely to violate basic dispatch constraints than other modelling approaches. 
As we show below, COMPEL also calibrates well to 2006 price and output data 
(especially in peak times), which also confirms that this modelling restriction is unlikely to 
have a significant impact on our predictions on merger effects. 

We were given access to 2006 hourly availability information for most of the plants with 
which we had production data.16  For these plants, we estimated monthly availability and 
assumed the same level availability in each month would persist in the future for all 
plants, subject to several exceptions. For some plants, NMa provided CRA with additional 
explanation of particular circumstances underlying specific unusual availability patterns in 
2006.17 While we retained the observed 2006 availability pattern for most plants, when 
carried forward to 2009 and 2012, we adjusted availability of those plants in 2009 and 
2012 to reflect more general assumptions. This ensures that calibrating the model on 
2006 market outcomes does not distort predictions for 2009 and 2012.  For plants with 
availability data for 2006, the estimated pool availability was 86%. This was broadly in line 
with our expectations for typical power plants and consistent with the 14.6% average 
unavailability identified in TenneT’s analysis of historical availability of the generation fleet 
in Netherlands over the several past decades18. 

For plants with no availability data provided and for future generation additions, the 
average system availability of 86% was applied. 

                                                 

16  Data on availability was provided through TenneT. 

17  These plants include: […] 

18  See “TenneT monitor of security of supply 2006-2014”, August 2007 

OPENBARE VERSIE Page 13 



Essent/Nuon: Simulation modelling of effects on wholesale electricity prices 
 
September 5 2007 CRA International 
 
 

 
3.3.3. TenneT contracted capacity 

Certain capacity is contracted to provide balancing market, other reserve or ancillary 
services and so cannot be considered a mechanism for strategic behaviour in the market.  
The NMa provided information about past and current contracting including the total 
capacities and the power plants that could be used to call against those contracts.  We 
were not able to model these contracts directly, as COMPEL – like most oligopoly models 
- does not have the capability to explicitly model operating reserves in detail.  COMPEL’s 
logic includes only a basic reflection of the reserves market by requiring that the total 
capacity committed for the day be 10% above peak demand for that day.  This is not 
meant to be a direct reflection of the TenneT contracted capacity but we believe the affect 
upon bidding within COMPEL is similar. For example, for a day with 10,000 MW peak 
demand, COMPEL would require an additional 1000 MW of capacity to be committed (but 
not dispatched and that capacity would incur no generation costs) to reflect reserve 
requirements. This committed capacity does, however, affect SFE bids and prices 
computed by COMPEL for dispatched units. 

3.4. FUEL PRICE ASSUMPTIONS 

3.4.1. Base case fuel assumptions 

We have used forward market prices where available as a basis for the fuel and emission 
price assumptions used in COMPEL. The table below shows the coal and gas prices 
used in the model and their sources: 

Table 2: Fuel and Emission Price Assumptions 

Fuel 2009 2012 Sources / Notes 

Natural Gas €20.98/MWh €20.84/MWh 2009 from Endex 19/7/2007 

2012 is the 2010 price from Endex – straight line 

assumption as no trend was observable in 

2008/9/10 prices 

Coal USD 80.90/Ton USD 78.20/Ton EEX ARA Coal Futures, 20/7/2007  

For the purpose of calculated a per MWH value we 

assumed 6000kCal/kg which is the assumption 

used for ARA CIF coal by Platts International Coal 

report. 

CO2 €20.05/Ton €21.20/Ton EEX, EU Carbon Futures, 7/20/2007 

Blast Furnace 

Gas 

Natural Gas less 

35% 

Natural Gas less 

35% 

Assumption made to ensure Nuon plant outputs 

calibrated appropriately 

Syngas Natural Gas less 

35% 

Natural Gas less 

35% 

Assumption made to ensure Nuon plant outputs 

calibrated appropriately 
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For nuclear plants and biomass and waste burning units either fuel prices or heat rates 
were effectively set to zero to ensure their must-run status. 

No seasonal pattern was observed in coal prices and therefore the average price was 
applied to each month of each simulated year. A seasonal (higher in the winter) pattern 
was observed in historical data for natural gas. Historic price profiles are not an ideal 
substitute for a forward estimate of gas market seasonal prices. The impact of the BBL 
pipeline, for example, may change the seasonal relationship of gas prices. Such an 
investigation was, however, outside the remit of this study. An average price shape was 
developed from TTF historical spot prices for 2004, 2005 and 2006. The table below 
shows the resultant shaping factors applied to gas prices for 2009 and 2012. For 2006 
simulations used for calibration purposes actual 2006 average monthly prices were 
applied. 

Table 3: Gas Price Seasonal Shaping 

Month Month Month Factor 

January 1.08 July 0.93 

February 1.07 August 0.92 

March 1.20 September 0.89 

April 0.95 October 0.87 

May 0.93 November 1.08 

June 0.91 December 1.18 

  

3.4.2. Sensitivity price assumptions 

In order to test the sensitivity of the results from COMPEL to fuel price levels, we 
investigated a high fuel price scenario when considering our divestment results.  In this 
scenario, we increased gas prices by 50% and CO2 prices by 25% (reflecting an 
expectation that an increase in natural gas prices will likely lead to an increase in prices 
for CO2 emission allowances). This scenario reflects a larger cost spread between coal-
fired and gas-fired generation (and thus a steeper industry cost function, which may allow 
for the greater exercise of market power, both pre- and post-merger). 

3.5. IMPORT AND EXPORT ASSUMPTIONS 

CRA analyzed historical hourly net interchange flows into Netherlands - as reported by 
TenneT - against hourly APX reported market clearing prices as well as against estimated 
hourly implied heat rates (i.e. ratios of hourly APX price over reported daily by Platt's 
historical natural gas prices for The Netherlands). 
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As is typical in this kind of analysis, a regression analysis of interchange flows on both 
prices and heat rates performs poorly. For each month, CRA therefore constructed a 
step-wise supply curve in terms of supply quantity vs. implied heat rate (a ratio of the 
power price over the natural gas price). The step-wise supply curve was calibrated using 
historical data for 2006.  The use of heat rates allows us to adjust prices for each block of 
the supply curve in response to natural gas prices as applied to future years and fuel 
sensitivity scenarios. The resulting monthly supply curves are presented in Appendix B.   

For 2006 we assumed a total import level of 3,600 MW.  In 2009, we assumed 4,600 MW.  
The 1,000 MW addition consists of 700 MW of imports from Norway which were assumed 
to come at zero implied heat rate (and are therefore zero price)19 and 300 MW reflecting 
an installation of a new phase angle regulator. These 300 MW were allocated to all steps 
of estimated supply curve in each month in proportion to the size of each step, as 
calibrated based on 2006 data. In 2012, CRA assumed that the BritNed cable will become 
partially operational.  Based on information provided by the NMa, in 2012 BritNed would 
be capable of importing of up to 450 MW from Great Britain and exporting up to 1,000 
MW into Great Britain.   

The BritNed Cable was modelled as a combination of a 1000 MW incremental demand 
added to the load shape in each hour and 1450 MW supply modelled as a non-strategic 
CCGT power plant with zero outage rate and efficiency of 51.8%.  When this power plant 
generates at full capacity, this is equivalent to 450 MW of imports from UK.  When the 
plant generates at a level of 600MW, this is equivalent to exporting 400 MW ( the balance 
between 1000 MW incremental load and 600 MW of CCGT generation) into UK.20

Our baseline scenario follows NERA’s approach, in which 400 MW were allocated to each 
of the merging parties, and one tranche is “automatically” divested to the competitive 
fringe21 post-merger. To reflect that, the calibrated supply curve was reduced by 800 MW, 
each step in proportion to its size.  

                                                 

19  This assumption is made to model the availability of cheap electricity (e.g. hydro) from Norway. This is in line 

with the assumptions made by NERA in its modelling report too. 

20   It is our understanding that the commercial operation of the BritNed will provide arbitrage opportunities for 

power trades between Netherlands and UK and a representation of this arbitrage is based on the inclusion of a 

combination of a CCGT type generating unit and incremental load. This is different from modelling of Norway 

imports that are expected to flow unidrectionally from Norway and be supplied by a low cost hydro-dominated 

generating source. 

21  The competitive fringe refers to the group of plants which is assumed to offer its energy at cost in the market 

and does not act strategically. The underlying assumption is that all producers within the fringe are small and 

therefore do not face incentives to withhold output to benefit other plants in their portfolios. 
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Our approach differs from NERA’s though, as we try to mimic “Use-it-or-lose-it” provisions 
by dispatching imports controlled by the merging parties at nearly zero marginal cost. 
These are provisions that are put in place to ensure that generators cannot withhold their 
import allocation when it would be economic to dispatch the imports (because the price in 
the Netherlands is higher than prices across the interconnector).  For reasons that we 
explain in our separate report on the modelling presented by NERA and Frontier, our 
assumption on “Use-it-or-lose-it” is less likely to artificially depress merger effects than the 
one adopted by NERA (which allows the merging parties to withhold imports on a 
systematic basis).22

In order to model the use-it-or-lose-it provision we allocated import capacity in COMPEL 
at zero marginal cost (to ensure that withholding it would be too costly for the parties).  
We did not allocate 400 MW tranches of import rights to other market parties as this 
would increase the level of imports to unrealistic levels. This makes other strategic 
players in our model (i.e. Electrabel and E.ON) smaller than under NERA’s modelling 
assumption. This is unlikely to have a significant effect on the predicted effects of the 
merger, and if anything would reduce merger effects, providing therefore a conservative 
assessment of the effects of the merger. 

In assessing the efficacy of various divestment portfolios, we carried out a sensitivity 
analysis in which  all imports are dispatched competitively and are not part of the merging 
parties’ portfolios (pre- or post-merger). This eliminates the “automatic” divestment of 400 
MW of import rights post-merger assumed by NERA. 

Table 4: Summary of Import Assumptions for the pre-merger scenario 

Year 2006 2009 2012 

Imports from BE/DE assigned to Others 2,800 3,100 3,100 

Essent 400 400 400 

Nuon 400 400 400 

Norway Import  700 700 

BritNed   450 

Total Imports 3,600 4,600 5,050 

Source: NMa, TenneT 

                                                 

22  NERA’s Cournot modelling results indeed suggest that the merging parties face incentives to withhold imports 

pre-merger.  
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3.6. NEW ENTRANTS AND RETIREMENTS 

3.6.1. New Entrants 

The table below shows the new entrant power plants and their proposed capacities for 
2009 and 2012.  The NMa has assigned probabilities to their construction and COMPEL 
capacity for these power plants has been set to the probability-weighted capacity rather 
than the proposed capacity. 

Table 5: New power plants, 2009/2012 

Name Plant Dispatch Rights Type Fuel Year 
Proposed 

MW 
Probability 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

[…] […] […] […] […] […] […] 

Source: NMa 

 

New gas plants were added with an HHV efficiency of 52% (CRA assumption) and new 
coal plants with an HHV efficiency of 45%23  

We used TenneT forecasts of new capacity of onshore and offshore wind by 2009 and 
2012:24

                                                 

23  Modern Power Systems, “RWE backs Clean Coal in the UK”, June 2007, www.modernpowersystems.com 
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• We included 193 MW of new wind capacity for 2009 after assuming a 25% load factor 

as competitive fringe capacity 

• We included an additional 323 MW of new wind capacity for 2012 after assuming a 
25% load factor as competitive fringe capacity 

We retained this capacity as a conservative assumption in evaluating merger effects.  In 
its modelling NERA also includes some wind capacity in its modelling (a constant amount 
of 552 MW in both 2009 and 2012). Frontier also includes wind capacity in its model 
(570MW in 2009; and 757MW in 2012). 

3.6.2. Retirement Assumptions 

The NMa provided information as to the expected closure of power plants.  We 
understand this information was obtained from market participants. In line with new 
entrants, a probability of closure was assigned. We retired plants with certainty with effect 
from the year identified as the year of closure. 

Table 6: Plant retirement assumptions 

Company Plant Closure Probability 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…]25 [...] [...] [...] 

Source: NMa 

                                                                                                                                                  

24  See “Quality and Capacity Plan 2006-2012”, p.69. Installed wind capacity in 2006 was excluded since we do not 

have hourly production flows for it. Our demand data was scaled down accordingly, as explained above. 

25  These plants were reported to NMa by Essent, these plants by NMa decision were considered to be outside of 

Essent control.  There were modelled, therefore, part of the non-strategic fringe. 
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We did not assume any net change in capacity not modeled within COMPEL (i.e. the 
small co-generation and other plants not captured in the DTe data provided to us).  Since 
we do not have information available about these plants and their retirement plans we 
have had to make the imperfect assumption that as these plants retire they will be 
replaced by similar small scale units. 

3.7. STRATEGIC BEHAVIOUR 

On the basis of the size of market parties, we assumed that four parties act as “strategic” 
parties (i.e. maximise profits across their portfolios) 

• Electrabel 

• Nuon 

• Essent 

• E.ON 

COMPEL permits strategic parties to withhold capacity by biding it above cost if profitable. 
It does not imply that these parties will necessarily find any of these strategies profitable 
at any time.  

All other parties are assumed to offer their capacity at short run marginal cost (as if they 
were “atomistic”).  They therefore form part of the competitive fringe assumed in the 
model. 

We divided the generating units owned by strategic parties into smaller blocks (i.e. sub-
units) in order to allow firms to employ a more continuous strategy space (i.e. the output 
of specific power plants can be partially withheld if profitable and supply curves produced 
by the SFE algorithm would allow to vary increase the offer price of a large generating 
unit with the increase of the offer quantity). We used the following rule to divide the units: 
units smaller than 100 MW in size were kept as a single block for modelling purposes; 
units greater than 100 MW were divided into blocks such that the first block was taken at 
50% of the capacity of the unit while the remaining 50% were broken into the fewest 
number of blocks each not exceeding 50 MW. 
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4. CALIBRATION OF COMPEL TO 2006 

4.1.1. Purpose 

CRA conducted a series of COMPEL simulations using historical 2006 hourly load, unit 
outage data, fuel and CO2 emission allowance price indices, and TenneT’s reported flows 
into the Netherlands. The objective of these simulations was to select model parameters 
which are capable of explaining historical prices, generation pattern and import flows. 
This is an important part of our modelling of the potential effects of the merger, since 
predicted effects may over- or under-estimated by the model if inappropriate modelling 
parameters are chosen. Moreover, a model which fails to predict current market 
outcomes is unlikely to provide a reliable estimate of merger effects. 

It is important to note, that COMPEL is a stylised model of the electricity market and at 
that it cannot be tuned up to closely replicate actual market and operational conditions.  In 
particular, COMPEL does not: 

• Model fuel prices changing on a daily basis; only monthly changes are allowed; 

• Take into consideration start-up costs, minimum up- and down-time or ramping rate 
limitations of actual generating units; 

• Allow to take hourly fluctuations of interchange flows as given. Imports are modelled 
as supply blocks with block levels and prices changing on a monthly basis as 
described above.   

• Model outages on an hourly basis, but only though monthly de-ratings of unit 
capacities 

• Co-optimize dispatch with the provision of ancillary services. 

In light of these limitations, the primary focus of the calibration was to match: 

• Aggregate price indicators, such as price duration curve, Peak/off-peak/annual 
average prices; 

• Aggregate generation of the two merging parties (Essent and Nuon); and 

• Aggregate level of import flows. 

4.1.2. Outcome 

For calibration purposes CRA modelled multiple scenarios, trying to replicate market 
outcomes for 2006.  Several representative scenarios are shown in Table 6 below.  
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Table 6: Summary of Representative Calibration Scenarios 

 
2006 Actual 

Perfect  
Competition SFE Only 

10%Cover 
Elast -0.085 

10% Cover 
Elast -0.08 

10% Cover 
Elast -0.075 

Supply (GWh) 

Essent […] […] […] […] […] […] 

Nuon […] […] […] […] […] […] 

Others […] […] […] […] […] […] 

Imports […] […] […] […] […] […] 

Total 97,173 98,472 98,082 97,099 96,943 96,902 

Prices (€/MWh) 

OnPeak 79.66 53.83 57.68 74.04 80.40 85.65 

OffPeak 39.63 40.02 42.56 45.16 45.40 45.86 

Total 58.20 46.43 49.57 58.56 61.64 64.32 

 

Note: The total production reported in this table does not reflect the output of 2.4 GW of installed 

capacity not included in COMPEL, this accounts for the difference between 97GWh and 117GWh 

that TenneT records for 2006.  The effect of this difference is discussed above in Section 3.3.1. 

The 2006 Actual column reflects historical generation data by plant provided by NMa, 
aggregated imports obtained from TenneT and historical APX prices obtained from 
Platt's.  

The Marginal Cost scenario assumes the perfectly competitive outcome of the market 
with all generators bidding their short-run marginal costs.  

The SFE Only scenario assumes that on each day, the committed generation stack is 
the same as under the Marginal Cost scenario, but strategic players bid these units into 
the market using the most competitive Supply Function Equilibrium. This corresponds 
therefore a relatively competitive outcome.  
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The other three scenarios are based on the assumption that all four strategic players 
employ both the strategic bidding and strategic withholding behavioural options.  These 
scenarios reflect an assumption of 10% contract cover for largest strategic players 
(Electrabel, Essent and Nuon) and no contract cover for E.ON. The latter appears to be 
well calibrated with zero contract cover assumption. These scenarios, however, vary in 
assumed price elasticity of demand26.  For Essent and Nuon, we applied the 10% cover 
assumption to their total capacity, including 400 MW of imports. Our detailed contract 
cover assumptions are set out in Appendix C. 

The peak hour (“Peak”) prices are based on averaging hourly APX prices during 16 hours 
(hours ending 08:00 – 23:00) over working days.27 Prices in lower demand hours (“Off-
Peak”) are based on averaging hourly prices over the remaining 8 hours during weekday 
and all weekend hours. We consider that calibrating on the APX price is appropriate, even 
though the market represent a minority of all bilateral transactions in the Dutch market. 
Simple arbitrage conditions imply that the price for other bilateral contracts will be 
consistent with the APX price over time. Moreover, the APX provides a reliable measure 
of the hourly shape of electricity prices in the Netherlands, which is needed for calibrating 
the model on an hourly basis. 

As it can be seen from Table 6, while Peak prices vary greatly across different scenarios, 
the variation in Off-Peak prices is quite small. Given that fact, and the overall observation 
that the major market power concerns from the merger appear to be concentrated during 
Peak hours, in choosing the best calibrated scenario, we focused on matching most 
closely Peak prices.   

In comparing scenarios, with respect to matching annual production patterns, we 
computed a calibration error for each firm (or group of firms) and then calculated a 
weighted quadratic average calibration error using actual volumes as weights. For 
example, for the Marginal Cost scenario, the Essent production is off by 17%, Nuon 
production is off by 6%, production by Others and Imports are off by 2% and 10%, 
respectively.  Using actual Essent, Nuon and Others production and Import volumes as 
weights, we calculate that the weighted quadratic average calibration error for this 
scenario is 9.4%.   

                                                 

26  COMPEL uses assumed retail price elasticity of demand as an input (see discussion in Section 3.2). 

27  Monday through Friday excluding six public holidays that did not fall on weekends during 2006.  Week days in 

2009 and 2012 using the load shape from these days in 2006 were considered holidays in these years and 

corresponding prices were considered as Off-peak. 
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Figure 3: Summary of Calibration Results: Calibration Error by Scenario 
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The "10% Cover, -0.08 Elasticity" Scenario appears to be the best in calibrating the 
COMPEL model to 2006 market outcomes. The resulting levels for demand elasticity and 
contract cover both appear reasonable:  

- The 0.08 retail price elasticity that we use is consistent with empirical 
estimates on the elasticity of electricity demand. The Brattle Report quotes 
final elasticities of 0.1 and 0.2 based on UK and US data (see Appendix 4). 
Frontier quotes much lower figures (e.g. 0.004) for real-time elasticities in 
Holland (see their July 2007 submission to the NMa). Our calibrated value 
sits within this range of values and is more realistic than the value of 0.25 for 
wholesale elasticity used by NERA (see our discussion above for the 
expected difference between retail and wholesale elasticities).   

- The contract cover calibration (10%) is also consistent with the values used 
by Brattle and NERA to calibrate their respective Cournot models (20%). As 
both Brattle and NERA recognise, contract cover is largely a calibrating input 
since it is hard to estimate the extent to which forward contracts affect pricing 
incentives in the spot market. As Frontier notes (see response to the NMa’s 
questionnaire, question 8), the recent energy sector inquiry by the European 
Commission found that roughly 12% of energy in the Netherlands is 
contracted on a long-term basis. The level of contract cover on which 
COMPEL calibrates is also close to this estimate and appears to be a realistic 
order of magnitude. 
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Figure 4 below depicts a comparison of the actual price duration curve against COMPEL 
simulated outcomes, both expressed in terms of logarithms, so as not to have spikes 
dominate the picture. 

Figure 4:  LogPrice Duration Curve: COMPEL vs. Actual 2006 
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Comparison of price duration curves indicates that the COMPEL model is well calibrated 
across all Peak hours, while it results prices in off-peak hours being above historically 
observed. The off-peak prediction is not surprising, since COMPEL does not incorporate 
the impact of start-ups costs, which tend to depress actual off-peak prices (as plants bid 
below their variable costs in order to stay on and avoid incurring start-up costs). 

In sum, it appears that the COMPEL model is reasonably well calibrated, especially 
during Peak hours, and thus can be used to assess the impact of the merger on prices 
and efficacy of divestment decisions in mitigating the level of market power introduced by 
the merger.  

We do not consider that calibrating to only one year (2006) renders the results of our 
model unreliable. Our calibration reflects historical prices and availability patterns and 
therefore automatically ‘controls’ for variations in these parameters. The 2009 and 2012 
results that we then obtain using the calibrated parameters reflect different fuel prices and 
plant availability assumptions (for plants where we have specific information that their 
2006 pattern was unusual). 
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Any model which simulates strategic behaviour and yields a wide range of prices could be 
calibrated to show prices that match historical prices on average. It is much harder to 
achieve calibration that matches a good portion of the price duration curve and at the 
same time shows production output levels consistent with history.  It is the combination of 
matching price duration curves, production levels for merging parties, imports and total 
output that gives us confidence that the model is well calibrated to be used for intended 
purposes. 
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5. MODELLING RESULTS FOR 2009 AND 2012 

5.1. DESCRIPTION OF SCENARIOS AND SENSITIVITIES 

For years 2009 and 2012, CRA performed five rounds of analyses: 

1. Analysis of the impact of the merger on prices; 

2. Analysis of the efficacy of the NERA proposed divestment portfolio; 

3. Analysis of the efficacy of the CRA proposed divestment portfolio;  

4. Stress testing of both divestment portfolios under the assumption that imports are 
non-strategic; and 

5. Stress testing of both divestment portfolios under an alternative high fuel price 
sensitivity case. 

5.2. ANALYSIS OF THE IMPACT OF MERGER ON PRICES 

5.2.1. Scenarios Definition 

For both pre- and post- merger scenario, CRA applied contract cover, elasticity and 
behavioural assumptions as determined at the calibration stage.  As the installed capacity 
of strategic players change by year due to new additions and retirements, the level of 
contract cover was changed accordingly (see Appendix C). 

The only difference between the Pre- and Post- Merger scenarios is the ownership over 
generating units and import rights of merging parties.  Post-merger, all Essent and Nuon 
generating units were assumed to be owned by a single company, assuming also 
contract cover equal the sum of the MW contract cover of Essent and Nuon in the Pre-
Merger Scenario. The merged company also assumes 400 MW of import rights modelled 
as zero cost supply.  Another 400 MW are automatically divested and added to the supply 
of a non-strategic player as a zero cost supply.  Thus, pre-merger parties jointly have 
control over 800 MW of imports.  Post-merger they only keep 400 MW. 
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5.2.2. 2009 Results 

Summary results for 2009 are presented in Table 7 below.  COMPEL simulations predict 
peak price increases ranging from 1% to 25% on a monthly basis. Average peak prices 
across the whole year are predicted to increase by 10%.28 Average prices across all 
hours of the year would increase by 8%. At pre-merger volumes, the increase in prices 
would generate an increase of consumer expenditure of over €400m.29  

Table 7. Price Impact of the Merger, 2009, Peak Hours 

2009 Merger Impact €/MWh 

Month 

Post-Merger Pre-Merger 

Price Increase (%) 

Jan 84.64 71.23 19% 

Feb 77.42 70.97 9% 

Mar 67.79 62.53 8% 

Apr 50.82 48.95 4% 

May 48.29 47.58 1% 

Jun 52.97 50.03 6% 

Jul 69.03 65.42 6% 

Aug 50.54 49.04 3% 

Sep 54.38 50.63 7% 

Oct 66.48 53.32 25% 

Nov 68.79 60.09 14% 

Dec 81.96 71.41 15% 

Annual 64.60 58.54 10% 

 

                                                 

28  The corresponding increases during off-peak hours are between 2% and 7% (see Appendix D which contains 

our off-peak price results for the baseline cases). 

29  This estimate is computed using the load data modelled in COMPEL (at the pre-merger levels) and assuming 

100% pass-through of wholesale prices into final prices for the proportion of load not hedged by the assumed 

contract cover. Throughout this section ad the next we report the increase in consumer expenditure (or harm to 

consumers) implied by our modelling results. Given the significant size of the overall electricity market, even 

small percentage increases in price can lead to a large increase in consumer expenditure.  
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COMPEL predicts price increase in excess of 30% for over 225 hours, and an increase of 
over 20% for over 925 hours.  The duration of price increase is shown graphically on 
Figure 5 below (2012 effects are also shown).30  

Figure 5.  2009 and 2012 Price Increase Duration Curves due to Merger 
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5.2.3. 2012 Results 

COMPEL predicts a smaller impact of the merger on prices in 2012, in comparison to 
2009.  The predicted peak price increase ranges from 0% in some months to 11% in the 
month of February (see Table 8), with an average annual effect of 4%. As shown on 
Figure 5 however, in many hours price increases could be considerably higher with 
increases of 20% and higher observed for 229 hours. The average price increase across 
all hours of the year is 3%, and the resulting loss in consumer surplus is approximately 
€170m (smaller than in 2009, but still considerable).  

                                                 

30  Figure 5 indicates that post-merger prices could be lower than pre-merger prices in small percentage of hours 

(4% in 2009 and less than 6% in 2012).  The average price decrease in those hours is roughly 2% which makes 

the overall effect small.  Intuition suggests that in the presence of a larger strategic firm the bidding and 

economic withholding behaviour could become more aggressive and therefore higher prices are expected. 

However, COMPEL searches for equilibria in a discrete solution space defined by segments of generating units 

of finite size.  Payoff- functions are therefore non-convex and discontinuous. Given this discontinuity, it is 

possible that while the larger player may decide to behave more aggressively post-merger by withholding more 

output from the market, competitors might find it more profitable to reduce the amount of their withholding, and 

more than off-set the quantity reduction by the larger player.  The overall prices might drop at a new equilibrium 

but the profit of some players will increase compared to the pre-merger equilibrium. This can explain the 

negative price results in some hours. Overall however the effect of the merger is to clearly raise prices, as 

shown by our average results. 
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Table 8. Price Impact of the Merger, 2012, Peak Hours 

2012 Merger Impact €/MWh 

Month 

Post-Merger Pre-Merger 

Price Increase (%) 

Jan 61.30 56.65 8% 

Feb 65.87 59.59 11% 

Mar 58.11 57.64 1% 

Apr 46.50 46.66 0% 

May 46 2 0% .10 46.0

Jun 46.15 45.50 1% 

Jul 60.05 56.55 6% 

Aug 47.26 46.95 1% 

Sep 46.03 45.22 2% 

Oct 46.22 44.86 3% 

Nov 55.11 53.26 3% 

Dec 63.76 58.73 9% 

Annual 53.52 51.46 4% 
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5.2.4. Interpretation of the difference between 2009 and 2012 results 

The primary reason behind the difference in results for 2009 and 2012 is the significant 
change in the reserve margin31 and in the competitive position of merging parties that is 
projected to occur by 2012 on the basis of the information available to the NMa. This is 
depicted in, which compares Netherlands’ excess reserve margin (per cent of available 
capacity after adjustment for outages above peak demand) with Essent-Nuon's share of 
peak demand.  In 2009, Essent-Nuon’s share of peak demand significantly exceeds the 
system-wide reserve margin in each month. This makes the merged entity “pivotal”, i.e. it 
is required to produce in order to meet demand in several hours of the year, and therefore 
it is able in principle to set high prices during these hours.32 In 2012, the situation is 
different.  Due to addition of new generating capacity, retirement of some of parties' 
capacity, and the addition of BritNed imports, the merged entity is no longer as pivotal as 
it was in 2009, as shown by the fact that its share of peak demand is below the system-
wide excess reserve margin in most months. 

Figure 6: Netherlands Excess Reserve Margin vs. Essent-Nuon Share of Peak Demand: 2009 

vs. 2012   

 

0%

10%

20%

30%

40%

50%

60%

Jan-09

Feb-09

M
ar-09

Apr-09

M
ay-09

Jun-09

Jul-09

Aug-09

Sep-09

Oct-09

Nov-09

Dec-09

Jan-12

Feb-12

Mar-12

Apr-12

M
ay-12

Jun-12

Jul-12

Aug-12

Sep-12

Oct-12

Nov-12

Dec-12

ExcessReserve Margin

Essent-Nuon Share of
Peak

 

Note:  The above figure does not account for 2.4 GW of installed capacity not included in COMPEL and for load 

served by that capacity. 

As a result, the impact of the merger in 2012 is much less pronounced that what is being 
predicted for 2009. A detailed monthly supply disposition for 2009 and 2012 is provided in 
Appendix E. 

                                                 

31  Reserve margin for a power system is typically defined as relative level of the existing installed capacity in 

excess of the peak demand level. 

32  COMPEL will allow firms to achieve high prices during hours when they are pivotal, subject to the constraint of 

constant bids across the day. This constraint implies that it will not necessarily be profitable to fully exploit a 

pivotal position and set very high prices in a limited number of hours. 
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5.3. ANALYSIS OF THE EFFICACY OF THE DIVESTMENT PORTFOLIOS 

5.3.1. Scenario Definition 

Table 9  identifies the generating plants NERA proposes to divest in order to mitigate the 
merger impact on prices.  This proposal is based on a HHI calculation put forward by 
NERA on the basis of a putative Dutch peak market in 2008. NERA’s divested portfolio 
amounts to 1.34 GW in 2009, and to 1.1 GW in 2012 due to the expected retirements of 
three plants included within the portfolio ([…]).  

Table 9. NERA’s Proposed Divestment Portfolio 

Plant Name DTe ID Owner Capacity (MW) 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

[…] […] […] […] 

Total   1,337 

CRA simulated two divestment portfolios, the portfolio suggested by NERA and a “CRA-
enhanced” portfolio with [...] unit ([…]) added.  In each scenario, the ownership of 
divested generating assets and control of 400 MW of imports is shifted to a new non-
strategic entity, in line with NERA’s assumptions. The contract cover of merged parties is 
reduced in proportion to divested installed capacity. All other scenario parameters are the 
same as in the Post-Merger scenario described above. 

Our proposed divested portfolio includes approximately 1.95 GW of capacity (excluding 
import rights). This is equivalent to just over 50% of that capacity accretion brought about 
by the merger (i.e. the capacity of the smaller of the two merging parties, Nuon, excluding 
imports). 
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We have assumed, like NERA has, that that the divested portfolio always behaves 
competitively and bids all the divested units at cost. Moreover, we have modelled a 
physical plant divestment. Our results therefore provide an upper bound on the potential 
effectiveness of the divestment. If the portfolio were to be divested to a single entity, or to 
several players that already hold generation capacity in the Netherlands, the likely pro-
competitive impact of the divestment will be smaller than the one predicted by the model.  

Similarly, virtual releases of capacity through periodic auctions would be expected to have 
a smaller pro-competitive impact than an outright sale.  This is because virtual 
divestments can generate dynamic incentives for the operator that is divesting capacity to 
keep spot price high, in order to raise the profits from future sales of virtual energy.33 
These dynamic effects can reduce the pro-competitive impact of virtual divestments, 
relative to physical sales of capacity. Modelling such dynamic effects is a complex 
exercise and we have therefore modelled divestments in COMPEL like outright sales, 
bearing in mind however that this assumption maximises the impact of the remedy.34

For this reason, in our modelling of the effects of the divestment, we have sought to 
ensure that the predicted price effect post-divestment falls to 0% (or even allow for a 
slight price decrease). The divestments level that we obtain should serve as a benchmark 
for the NMa to evaluate potential divestment options, and to guide their assessment. 

5.3.2. Rationale for the inclusion of [...] in NERA’s divested portfolio 

As the results that we present below show, the divestments proposed by NERA do not 
eliminate the price effects from the merger in 2009. These results prompted us to further 
explore the divestment options and to suggest that the [...] plant be included in the 
divestment portfolio. The analysis of the impact of the NERA proposed divestment 
portfolio is graphically presented in the two figures below. These depict COMPEL’s 
simulated change in annual generation and in annual operating margin from the pre-
merger level for selected assets controlled by merging parties.   

Figure 7 shows all assets whose simulated annual output under the post-merger scenario 
deviates from the pre-merger level by 50 GWh or more. Figure 8 shows assets whose 
annual operating margin under the Merger scenario changed by at least 1 million Euros. 
Non-divested assets are shown in the left part of each figure. Divested assets satisfying 
these selection criteria are presented at the right portion of each figure.   

                                                 

33  For example Sweeting finds that some of the high prices observed in the British spot market in the late 1990s 

were consistent with incentives to keep prices high to affect future hedging contracts (which have similar 

properties to virtual divestments). See A. Sweeting, “Market Power in the England and Wales Wholesale 

Electricity Market 1995-2000”, Economic Journal, 117 (520),  2007.   

34  See our separate report on the NERA and Frontier studies for a broader discussion of the effects of different 

modelling assumptions on required divestments.  
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Figure 7:  Change in annual generation from the pre-merger level to post merger level for 

selected Essent/Nuon assets 
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Figure 8: Change in annual operating margins from the pre-merger level to the post merger 

level for selected Essent/Nuon assets 
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These figures show that using our input assumptions, the most strategic plants in the 
divested portfolio chosen by NERA are [...]. Both plants would be large withholders 
following the merger, and would therefore contribute to higher prices. By removing them 
from the parties, the divestment mitigates the adverse impact of the merger to some 
extent.35 NERA’s divestment also includes some baseload plants which would earn 
significant higher margins post-merger (these include the must-run portions of the 
capacity of [...]).36 Divesting these plants reduces some of the incentive faced by the 
merged entity to increase prices.  

The combination of the strategic and baseload plant assumed to be divested by NERA 
reduces the price effect of the merger, as our results for 2009 show. However, it is not 
sufficient to remove all price effects. 

We examined the addition of other plants to the divestment portfolio.  Analysis of the post-
merger results obtained using the COMPEL model shows that [...] (of […] MW) is a good 
candidate for divestment, in addition to NERA’s initial divestment proposal.  As shown in 
Figure 7, [...] is among the top withholders of output under the merger scenario. This is 
driven by the portion of […] capacity that is mid-merit and in simulation can be used by 
the merged strategic firms to influence prices through strategic bidding and economic 
withholding.  This makes it an ideal example of the type of capacity suitable for 
withholding.  Moreover, as illustrated in Figure 8, [...] is also among top beneficiaries of 
withholding in the post-merger scenario. This is because roughly two-thirds of its capacity 
is must-run37 and therefore benefits from higher prices.     

[...] is therefore a relatively balanced addition to NERA’s initial proposal, and its addition 
to the divestment requirement can reduce both the incentives and the ability of the 
merging parties to increase prices. As the results we discuss below demonstrate, adding 
[...] to the divested portfolio eliminates the merger impact on prices and even suggests 
that this portfolio might reduce prices. Note however that this result assumes that the 
divested plants behave competitively and are divested outright. The sensitivities that we 
discuss below support this conclusion. 

                                                 

35  Note however that NERA models these plants as largely must-run capacity, [...]. Treating these plants as must-

run would imply that they would not be such large withholders of output post-merger, and would change the 

overall balance of NERA’s proposed portfolio, making it more baseload and less strategic. See our separate 

report for an assessment of NERA’s treatment of its divestment proposal. 

36  Roughly […] capacity is must-run over the course of the year (according to information provided to the NMa by 

Nuon). The corresponding figure for […] is of approximately […]%. 

37  Must-run information provided by the parties to NMa 
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5.3.3. 2009 Results 

Summary results for 2009 are presented in the tables below. COMPEL predicts that 
under the NERA divestment portfolio price would still remain up to 9% above pre-merger 
level during Peak hours, and 0%-2% above the pre-merger level during off-peak hours. 
Overall, NERA’s proposed divestment cannot prevent an increase in average prices 
across all hours of the year of 2%, and a corresponding harm to consumers of close to 
€90m in 2009. Our alternative and enhanced divestment portfolio (with the inclusion of 
[...]) eliminates the predicted increase in peak prices. Over all hours of the year, this 
enhanced divestment leads to a small reduction in prices (-0.6%). 

Table 10.  Impact of Divestment on Prices, 2009 Peak 

Peak 2009 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 70.79 73.77 71.23 -1% 4% 

Feb 70.28 72.90 70.97 -1% 3% 

Mar 62.08 62.37 62.53 -1% 0% 

Apr 48.84 49.83 48.95 0% 2% 

May 47.63 47.79 47.58 0% 0% 

Jun 49.91 50.38 50.03 0% 1% 

Jul 64.82 66.64 65.42 -1% 2% 

Aug 48.75 49.27 49.04 -1% 0% 

Sep 50.58 51.23 50.63 0% 1% 

Oct 52.64 57.89 53.32 -1% 9% 

Nov 59.59 61.54 60.09 -1% 2% 

Dec 69.80 73.66 71.41 -2% 3% 

Annual 58.08 59.89 58.54 -1% 2% 

 

5.3.4. 2012 Results 

Our divestment results for 2012 are presented below.  COMPEL predicts that under the 
NERA divestment portfolio prices would be closer to the pre-merger level during both off-
peak and Peak hours than in 2009.  However, for some months COMPEL still predicts 
prices 2%-3% above the pre-merger level. CRA proposed divestment portfolio nearly 
eliminates this effect and keeps prices at or below the pre-merger level all the time, 
except Off-Peak November (2%) and Peak February (1%). Average peak prices are 0.4% 
below pre-merger levels with the CRA divestment.  
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Table 11.  Impact of Divestment on Prices, 2012 Peak  

Peak 2012 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 54.89 56.41 56.65 -3% 0% 

Feb 60.06 61.49 59.59 1% 3% 

Mar 57.46 57.43 57.64 0% 0% 

Apr 46.44 46.66 46.66 0% 0% 

May 45.93 46.01 46.02 0% 0% 

Jun 45.35 45.45 45.50 0% 0% 

Jul 56.79 57.46 56.55 0% 2% 

Aug 46.93 46.97 46.95 0% 0% 

Sep 45.14 45.29 45.22 0% 0% 

Oct 44.94 45.16 44.86 0% 1% 

Nov 53.21 53.36 53.26 0% 0% 

Dec 58.26 58.24 58.73 -1% -1% 

Annual 51.28 51.66 51.46 0% 0% 

 

5.4. STRESS TEST OF DIVESTMENT PORTFOLIOS:  TREATING IMPORTS AS NON-
STRATEGIC 

5.4.1. Scenario Definition 

In our base case we assumed that Essent's and Nuon's import rights are part of their 
portfolios pre-merger, and that 400 MW of import capacity is automatically divested post-
merger. This is in line with the approach adopted by NERA in its modelling. In this 
sensitivity we follow the alternative approach followed by Frontier, and assume instead 
that all imports are part of the overall competitive fringe.   

To implement this sensitivity case we re-ran both divestment scenarios and a pre-merger 
scenario to form a comparable benchmark against which to gauge the efficacy of each 
divestment strategy.  In all scenarios the contract cover of all parties remained as in 
corresponding scenarios described above, 800 MW of supply was added to step functions 
representing imports from Germany and Belgium and allocated to each step monthly in 
proportion to the size of the step. Low cost units representing strategic imports for 
merging parties were effectively removed from the supply stack, thus slightly increasing 
overall prices under the pre-merger benchmark. 
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5.4.2. 2009 Results 

The detailed results for this sensitivity are presented in Appendix F. COMPEL predicts 
that in this scenario, under the NERA divestment peak prices would rise by up to 8% in 
some months, whilst off-peak prices would increase by 1%-2% . Average prices still 
increase by 1.6% across all hours under NERA’s proposed divestments. This is only 
slightly below the results obtained in our base case. The slight reduction in merger effect 
is likely to be due to the fact that allocating 400 MW to the merged entity post-merger 
makes it larger than under this sensitivity and therefore leads to higher predicted effects.  

The CRA-enhanced divestment portfolio eliminates the merger impact on prices most of 
the time, but still shows a 1% increase in peak prices in some months (e.g. January, April 
and November). Overall the CRA divestment seems sufficient to keep prices at the pre-
merger level on average (again under the assumption of competitive bidding by the 
divested units).   

5.4.3. 2012 Results 

For 2012 COMPEL predicts if all imports are considered as part of the competitive fringe, 
the NERA divestment portfolio would still result in peak prices being 1% above pre-
merger level on average, with effects of up to 4% in some months.38   

CRA proposed divestment portfolio keeps prices at the pre-merger level on average both 
Peak and off-peak and reduces the occasional price increase to the level of 1%.  Average 
prices are at the same level as pre-merger.  

In sum, this sensitivity confirms that NERA’s proposed divestment may not be sufficient to 
keep prices at the pre-merger level in 2012. The CRA-enhanced divestment portfolio is 
both necessary and sufficient to achieve this goal, under our modelling assumptions. 

5.5. STRESS TEST OF DIVESTMENT PORTFOLIOS:  HIGH FUEL PRICE SCENARIO 

5.5.1. Scenario Definition 

In this analysis, CRA assumed the same treatment of imports and all other parameters 
setting as in the Baseline analysis, but assumed higher fuel prices.  As discussed earlier, 
in this scenario, CRA assumed no change in coal prices, 25% increase in prices for CO2 
allowances and 50% increase in natural gas prices. Under this assumption, CRA re-ran 
the NERA and CRA divestment scenarios and a pre-merger scenario for each year. This 
sensitivity intends to model an environment where a steeper industry cost curve may 
induce greater exercise of market power, both pre- and post-merger, thus potentially 
affecting merger effects. 

                                                 

38  Average effects are very similar to our baseline case in 2012  
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5.5.2. 2009 Results 

As the monthly tables in Appendix G show, COMPEL predicts that in this scenario, even 
after the NERA divestment, prices would remain 1% above the pre-merger level during 
off-peak hours on average and at the pre-merger level during Peak hours on average. 
The model shows occasional excursions of 2%-3% in July and January. Overall average 
prices rise 0.6% above pre-merger level.  The higher effects off-peak are likely to be 
caused by the steeper cost curve, which increase the incentives faced by the merging 
parties to withhold output off-peak and allow more expensive units to set the price. 
Overall price effects are lower than in the baseline case since the absolute level of pre-
merger prices is (much) higher under this sensitivity. This changes the merit order 
between strategic and non-strategic plants due to differences in plant efficiencies and 
apparently makes economic withholding less profitable for strategic players than under 
the baseline case.  The result could very well go in the opposite direction for a different 
fleet of generating units or different ownership structure. 

CRA’s enhanced divestment portfolio keeps prices approximately 1% below pre-merger 
level both Peak and Off-Peak, and removes the residual price effects observed under the 
NERA divestments. 

5.5.3. 2012 Results 

Our 2012 results for the high-fuel sensitivity show that under the NERA divestment 
portfolio peak prices remain at the pre-merger level, with occasional increases of 1%-3% 
during some months. However off-peak prices could rise by as much as 5% in some 
months from the pre-merger level, 2% on average. Again, this effect is due to the steeper 
cost curve.   

The CRA enhanced divestment portfolio keeps prices only 1% above pre-merger level in 
off-peak hours and at the pre-merger level during Peak hours. Average prices across all 
hours are 0.3% above the pre-merger level. 

Overall, this sensitivity also shows that NERA’s proposed divestments do not eliminate all 
price effects. The alternative divestment portfolio we consider appears sufficient to 
contain the predicted price effects of the merger, under the modelling assumptions that 
we have adopted.  

5.6. SUMMARY AND IMPLICATIONS OF OUR MODELLING RESULTS ON DIVESTMENTS 

Our modelling results show that that divestments proposed by NERA are insufficient to 
remove the adverse effect of the merger and prevent prices from rising (especially in 
2009). Given the fact that our assumptions maximise the pro-competitive effect of the 
divestment, the NMa may consider it reasonable to expect that the remedy should 
remove all of the price impact from the merger that is predicted by the model, and 
possibly even predict a small reduction in prices. This approach would adequately protect 
consumers from any adverse merger effects.   
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As an illustration of the way in which NERA’s proposed divestment would need to be 
enhanced, we have also modelled an alternative divestment portfolio which also includes 
[...]. This would bring the total size of the divestment to roughly 1.95 GW, and would add 
both baseload (must-run) and mid-merit capacity to the initial portfolio. Our COMPEL 
analysis demonstrates that this would be sufficient to prevent prices from rising after the 
merger (under the assumptions on the nature of the divestment spelt out above).  

We have stress-tested both the impact of NERA’s divestment portfolio and of our 
enhanced remedy under two alternative assumptions: 1) all imports as part of the 
competitive fringe (which removes 400 MW from both parties pre-merger; and 400 MW 
from the merged entity post-merger); and 2) higher fuel prices.  Both sensitivities broadly 
confirm the results of our baseline case. 

It is important to stress that these results are obtained under the assumption that two of 
the main plants in NERA’s initial portfolio ([...]) are not must-run plants (as we have) and 
therefore contribute in an important way to the incremental economic withholding of 
output which would result from the merger. If, on the contrary, these plants actually have 
must-run obligations because they run on [...] (as NERA assumes) then NERA’s 
proposed list appears too light on “strategic” generation (i.e. generation that would be 
withheld as result of the merger), and it would need to be enhanced with additional 
strategic plants.  

Given the uncertainty about the exact operations of the plants in NERA’s proposed list, 
the NMa would need to explore in more detail how these plants can be expected to 
operate after the merger in order to assess their suitability for inclusion in the divestment 
package. A different mix of divested baseload and peaking generation than the one that 
we have modelled would also affect the predictions of our modelling, potentially leading to 
a larger divestment being required.  

We also note that in order to maximise its impact the divestment portfolio should not be 
sold to a single market participant. This consideration applies especially to our enhanced 
proposal, as this generation portfolio contains baseload, mid-merit and peaking 
generation. If used strategically, divestment of all of these plants to a single participant 
could raise prices. This rules out Electrabel as a potential purchaser of the assets, since 
its capacity is already greater than Nuon’s (implying that any further increase in its size 
would lead to an increase in market concentration, even after divestments). In practice, it 
also rules out E.On as a major beneficiary of the divestment. E.On already has a 
considerable amount of generation capacity in the market. Allocating some of the 
divested assets to E.On would therefore require a potentially significant increase in the 
overall size of the divestment package in order to remove the adverse effects of the 
merger. 
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The transient nature of some of the price effects estimated by COMPEL suggest the 
results are sensitive to the import and new capacity assumptions taken in the model.  In a 
scenario of limited change from current market conditions, i.e. in 2009, the merger effects 
are large.  With significant new capacity in the market, effects are diminished, although 
not eliminated.  This suggests that structural change in the Dutch market may mitigate 
market power.  However, the extent and timing of new generation and interconnection 
capacity is uncertain.  BritNed, for example, is a significant addition, but NMa internal 
reports suggest its economics are marginal39 and the direction of flow on the line are 
unpredictable – based more on arbitrage opportunities than baseload flow. With 
uncertainty surrounding possible structural mitigation of merger effects, capacity release 
auctions are a potential for consideration with a commitment to review before 2012 when 
new capacity additions will be more certain. This would however reduce the effectiveness 
of the divestment below the levels modelled in this report, and may require a larger 
divestment in the short to medium term. 

                                                 

39  “Based on analysis of historical arbitrage opportunities (using data for 2002-4) and after modelling the impact of 

both NorNed and BritNed on prices on the APX, it appears that the business case for BritNed is unattractive with 

a pre-tax Net Present Value (NPV) of about -€110 million”, Proposed BritNed Electricity Interconnector, Advice 

on Economic Issues, CEPA for NMa, 2006. 

 

OPENBARE VERSIE Page 41 



Essent/Nuon: Simulation modelling of effects on wholesale electricity prices 
 
September 5 2007 CRA International 
 
 

 

6. COMPARISON WITH NERA AND FRONTIER RESULTS  

In this section of the report we compare our results to those obtained by NERA and 
Frontier. This illustrates some of the key differences in input assumptions and 
methodology between our analysis and those of NERA and Frontier, and serves to 
highlight some of the more important features of our results. 

As summarised above, NERA has presented a simulation of the merger on behalf of the 
merging parties, using both a Cournot and simplified SFE model.40 NERA has presented 
results for 2008, 2009 and 2012, with and without divestments. In this section we 
compare our results to NERA’s predictions for 2009 and 2012.  

Frontier has presented modelling results based on a simplified SFE model that is very 
similar to the one used by NERA. Frontier has presented results for 2009 and 2012, and it 
has not considered any scenarios including divestments.  

Before comparing our results with those of NERA and Frontier, we briefly review the main 
differences in input and modelling assumptions between the various analyses. For a fuller 
review and assessment of the modelling results presented by NERA and Frontier see our 
companion report for the NMa. This report provides more detail and analysis on some of 
the conclusions that are drawn in the rest of this section.  

6.1. DIFFERENCES IN METHODOLOGY BETWEEN COMPEL AND THE NERA/FRONTIER 

MODELS 

The economic model which underpins COMPEL differs both from Cournot and simplified 
SFE models in important ways. This accounts for some of the differences in results 
between the various models and explains why we consider that the results obtained by 
COMPEL are more realistic.  

Comparison with Cournot 

The key difference between COMPEL and stylised Cournot model employed by NERA is 
that under Cournot it is assumed that generators can withhold their capacity to raise 
prices on a hourly basis, treating each hour as independent of each other. This means 
that a specific plant can be withheld from the market in hours of relatively high demand by 
bidding it well above competitive prices, but it can then be offered when demand is lower 
during the same day.  

                                                 

40  NERA has presented two sets of results to the NMa (see our companion report for further details). In this section 

we compare our result to NERA’s revised and corrected results, which were submitted to the NMa on August 8. 

OPENBARE VERSIE Page 42 



Essent/Nuon: Simulation modelling of effects on wholesale electricity prices 
 
September 5 2007 CRA International 
 
 

 
This assumption can generate very high prices by allowing for very effective strategic 
bidding in every hour of the year. As a result, it tends to exaggerate the degree of market 
power that is present in electricity markets. This is because in practice there are limits to 
which generator can achieve Cournot-type outcomes at all demand levels. In particular, if 
one assumes (as COMPEL does) that bidding needs to be uniform during the day and 
that units can only be withheld on a daily basis (i.e. either for the whole day, or not at all), 
then the predicted level of market power is much smaller (and more realistic).  

An important implication of the differences between COMPEL and Cournot is that more 
realistic input assumptions can be used to calibrate COMPEL to pre-merger outcomes, 
since the underlying conduct that is modelled is a better approximation of how generators 
typically behave in the market in the first place. For example, as shown above, COMPEL 
is calibrating to pre-merger outcomes in the Dutch generation market using a retail price 
elasticity of 0.08. This is much more realistic than the higher level of 0.25 assumed by 
NERA for wholesale elasticity. The corresponding level of final demand elasticity will even 
be higher, reflecting the fact that final prices are higher than wholesale prices. A 
wholesale demand elasticity of 0.25 is very unrealistic on the basis of typical estimates of 
demand elasticity in electricity markets (see e.g. Appendix 6 of the Brattle report, which 
quotes some estimates for the elasticity of final demand; and the discussion of this issue 
in our companion report).  

NERA needs to make such an unrealistic assumption on the elasticity parameter in order 
to seek to calibrate the Cournot model to realistic prices (and even then the model tends 
to over-estimate prices in 2008 and 2009). The unrealistic elasticity assumption made by 
NERA in its Cournot model has the effect of underestimating merger effects at some 
demand levels, as we show below.  

Comparison with simplified SFE models 

COMPEL also differs from the simplified SFE model used by both Frontier and NERA. 
Both models are inspired by the original economic literature on supply function equilibria 
(e.g. Klemperer and Meyer, cited above). They however implement the methodology in 
different ways.  

The simplified SFE models assume that generators compete in pre-defined and simplified 
strategies, defined as a uniform mark-up over cost across their entire portfolio. The 
models then search for all possible equilibria amongst the different strategy combinations 
that are assumed. As in the case of Cournot, these models also assume that each hour is 
independent of the other.  

As we explain more fully in the companion report that reviews NERA and Frontier’s 
results, simplified SFE models tend to search for equilibria where generators are pivotal 
and find that in these hours firms will withhold capacity to a very large extent within a day 
in order to set high prices. Both NERA and Frontier assume no demand elasticity and 
therefore need to impose a maximum mark-up in order to obtain a price prediction at high 
demand levels and prevent prices from going too high. 
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COMPEL differs from these models because it is based on a particular supply function 
equilibrium (effectively the least-competitive one) which is computed through a two-stage 
algorithm. The model however does not allow for the type of extreme intra-day 
withholding assumed by simplified SFE models, and only allows for more realistic daily 
withholding patterns (e.g. it rules out large drops in output by a given firm across 
consecutive hours of a day, which are unlikely to be technically feasible). This limits the 
amount of market power that is predicted by COMPEL in situations of pivotality to a more 
realistic level than those typically assumed in simplified SFE models.  

It is also the case that COMPEL will tend to find market power, and merger effects, also 
at demand levels when a generator is not strictly pivotal (but is still able to exercise some 
market power). Simplified SFE models will often produce unstable and unreliable 
predictions under these conditions. 

6.2. DIFFERENCES IN INPUT ASSUMPTIONS WITH NERA AND FRONTIER  

Some of the key differences in input assumptions between the information provided to us 
by the NMa, and that used by NERA and by Frontier, have already been discussed 
above. Here we highlight again the two main differences in assumptions:41

- Size of Essent and Nuon in 2009: As we have reviewed above our input 
assumptions imply that Essent owns less generation capacity than the 
corresponding level assumed by NERA and Frontier. Moreover, our availability 
assumptions for Nuon also yield a lower level of effective capacity for Nuon.42 
This will tend to reduce merger effects compared to the results obtained by NERA 
and Frontier. 

- New entry assumptions by 2012: The input assumptions provided by the NMa 
indicate that a significant amount of new entry is expected in the Dutch market by 
2012. This exceeds 4.8 GW (including 0.45 GW of new interconnection from the 
UK). NERA assumes an even higher level for additional capacity (in excess of 6.5 
GW including 1 GW for Britned) but close to […] GW of this capacity is assumed 
to be built by the merging parties (whilst our input assumptions indicate that the 
merging parties are expected to add […] GW to their portfolios). Our assumptions 
in terms of new entry by parties other than the merging parties are therefore quite 
close to those used by NERA ([…] GW using our data; […] GW using NERA’s 
data). By contrast, Frontier assumes only […] GW of new capacity by firms other 
than Essent and Nuon by 2012, due to more aggressive discounting of new entry 
plans and the exclusion of Britned. This has a significant impact on results for 
2012. 

                                                 

41  See our separate report for a more detailed account of these different input assumptions. 

42  Our assumptions (based on actual data from 2006) indicate an average annual availability of [...] for Nuon’s 

plants in 2009 (whilst NERA uses an average of [...]). 

OPENBARE VERSIE Page 44 



Essent/Nuon: Simulation modelling of effects on wholesale electricity prices 
 
September 5 2007 CRA International 
 
 

 
6.3. COMPARISON WITH NERA’S COURNOT RESULTS 

NERA has presented Cournot results at four demand levels in each year that was 
modelled. The four levels corresponded to the 5th and 50th peak demand hour in both 
winter and summer, and were defined as “High Winter”, “Medium Winter”, “High Summer” 
and “Medium Summer”. NERA does not report an average price prediction on the basis of 
its Cournot model. NERA also uses a broader definition of peak than the standard 
definition in the Dutch market, and includes hours 9-24 on all days of the year (not just 
weekdays). 

We have identified on the basis of our load data the four demand levels corresponding to 
NERA’s reported results, and computed the average price increase predicted by 
COMPEL for both 2009 and 2012. We have taken an average around the corresponding 
demand level (using a range of +/- 100 MW) since COMPEL generates different price 
predictions depending on the day which is modelling and therefore can yield different 
results for the same demand level. This is why we have adopted a range of demand 
levels around the point chosen by NERA. 

Table 12 below reports COMPEL’s predicted price increases at the four demand levels 
considered by NERA, and also reports the average peak price effect predicted by the 
model.  

Table 12: Increase in peak prices due to merger predicted by COMPEL and by NERA’s 

Cournot model, assuming no divestments 

 2009 2012 

Demand Level CRA* NERA CRA* NERA 

High Winter 16% 10% 13% 13% 

Medium Winter 17% 8% 2% 7% 

High Summer  5% 12% 3% 14% 

Medium Summer 3% 5% 0% 4% 

* Based on demand level within a +/- 100MW band of the load duration point used by NERA in its Cournot 

modelling. 

Source: NERA; CRA. 

Winter effects in 2009 

As the comparison with the NERA results show, the broad order of magnitude of merger 
effects is similar between the Cournot and Compel results. We find, however, that for the 
winter months in 2009 NERA’s Cournot model is underestimating merger effects in 
comparison to COMPEL. This is in spite of the larger size for the merged entity assumed 
by NERA, which should lead to greater merger effects.  
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The lower winter effects predicted by Cournot are most likely due to the relatively high 
level of demand elasticity chosen by NERA (which tends to depress merger effects). It 
may also be due to its assumption on the automatic divestment of 400 MW. We also 
make this assumption but also impose a use-it-or-lose-it restriction on imports pre-
merger. By not imposing this additional assumption, NERA predicts that imports are being 
withheld (at least partially) by both merging parties pre-merger in most equilibria. This 
increases the pro-competitive impact of the automatic divestment assumption made by 
NERA since 400 MW of imports are no longer withheld from the market post-merger. This 
assumption may therefore artificially reduce merger effects.  

Summer effects in 2009 

COMPEL predicts smaller merger effects during summer months. NERA’s Cournot model 
however predicts a considerable effect also at high summer demand levels. This can be 
in part explained by the lower size for the merged entity assumed in our modelling. The 
discrepancy in predicted effects is also due to the fact that at these demand levels the 
Cournot model predicts significant amounts of withholding pre-merger, which means that 
the competitive fringe is producing at full capacity. Post-merger, the fringe is not able to 
further constrain any additional price increase, yielding a relatively large price effect.  

The COMPEL model predicts less withholding pre-merger than Cournot, in particular 
during summer months when the demand-supply balance is generally less tight and there 
are fewer hours of high demand. The assumption of daily withholding implies that 
generators find it hard to set high price during summer hours when demand is high (since 
that involves withholding units in hours of lower demand, and giving up profit margins in 
these hours). This implies that post-merger the competitive fringe is able to constrain 
prices also during peak summer hours, generating smaller price effects than under 
Cournot.  

Average effects in 2009 

Overall, our modelling indicates that the average peak price effect (10%) is an average of 
the winter and summer effects. NERA does not report average price effects, but its overall 
results appear broadly consistent with our own. The average price effect at the four 
scenarios considered by NERA is 9%, only slightly below our predictions using COMPEL.  

Merger effects in 2012 

In 2012, NERA’s Cournot model predicts sizeable effects during high demand hours (in 
excess of the 2009 levels). These are above those obtained using COMPEL, except for 
the High Winter demand case. This result is again consistent with the models’ respective 
assumptions. As we have reviewed above, the reserve margin is significantly higher in 
2012 than 2009, which constrains the ability of the merging parties to set high prices. 
Moreover our assumptions indicate a smaller market share than NERA’s for the merging 
parties, reflecting plant retirements. COMPEL’s results reflect these assumptions, yielding 
lower (but still material) merger effects.  
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The Cournot model assumes that pre-merger the parties will withhold even higher 
amounts of capacity than in 2009, in order to sustain prices in the face of the additional 
independent generation. This restricts the ability of other generators to limit price 
increases post-merger since they are practically always capacity constrained pre-merger 
and are not therefore able to respond to higher prices by increasing their output.43 In our 
view this prediction is not robust, and is likely to overstate merger effects in 2012 (if the 
high entry assumptions used by both NERA and the NMa are correct).  

Comparison with results with divestments 

Table 13 compares our results with the NERA proposed divestments of 1.34GW with 
those obtained by NERA using its Cournot model. 

Table 13: Increase in prices due to merger predicted by COMPEL and by NERA’s Cournot 

model, assuming NERA’s proposed divestments (1.34 GW) 

 2009 2012 

Demand Level CRA* NERA CRA* NERA 

High Winter 4% 3% 0% 6% 

Medium Winter 4% 3% 0% 2% 

High Summer  2% 3% 0% 4% 

Medium Summer 1% -2% 0% 0% 

* Based on demand level within a +/- 100MW band of the load duration point used by NERA in its Cournot 

modelling. 

Source: NERA; CRA. 

Our 2009 results are broadly consistent with those of NERA. We do not find a negative 
effect at the Medium Summer case however. This effect is due to the different treatment 
of elasticity and imports adopted by NERA. In particular NERA finds negative price effects 
in the “Medium Summer” case since the divested portfolio plus the 400 MW of imports are 
larger than Nuon’s predicted size pre-merger. We do not find the same, primarily because 
we do not allow Nuon to withhold its import allocation pre-merger (which therefore makes 
it larger than what NERA assumes). We find our results more robust since they are based 
on a more realistic description of how the import regime works.  

                                                 

43  The way that NERA has calibrated its Cournot model on 2006 prices and volumes also serves to increase 

merger effects in 2012 by effectively imposing a lower demand elasticity in 2012 (see our companion report for 

additional details).  
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NERA does not report an average price effect with divestments. Our results show that the 
average effect of the merger on peak prices in 2009 is still sizeable even after the 
divestments (+2%), and that additional divestments would be required to prevent a 
significant loss of consumer welfare. NERA’s Cournot results for 2009 do not contradict 
this conclusion, and also tend to find positive price effects after divestment. 

Our results for 2012 are broadly consistent with those of NERA’s Cournot model, with the 
exception of the high demand cases where NERA predicts larger effects (due to the 
considerations set out above).  

6.4. COMPARISON WITH SIMPLIFIED SFE RESULTS 

Both NERA and Frontier report average price effects for 2009 and 2012 using their 
simplified SFE models. Table 14 compares the results of these models with Compel, 
assuming no divestment post-merger. NERA reports its SFE results on the basis of the 
minimum (i.e. lowest-price), median and maximum equilibria found by the model pre- and 
post-merger. Price effects from the merger are the largest under the minimum price 
equilibria. The NERA price effects reported below are based on the median price 
equilibria, which yield intermediate predictions on price effects. Frontier only reports 
results for its minimum equilibria, which provide an upper bound on potential merger 
effects (as we explain in our companion report). 

Table 14: Increase in prices due to merger predicted by COMPEL and by NERA’s and 

Frontier’s SFE models, assuming no divestments 

 2009 2012 

 CRA NERA Frontier CRA NERA Frontier 

Average Prices 8% 25% 72% 3% 3% 63% 

Peak prices 10% 41% 135% 4% 5% 120% 

Increase in consumer 
expenditure (€m) 

404 2,083 5,062 170 177 4,749 

Note: the NERA results are based on their median SFE. Figures for the increase in consumer expenditure are 

computed by using the hourly loads used in each model and the hourly price results. They also incorporate 

assumed contract cover in the case of the CRA and NERA results (using 20% of load in NERA’s case). These 

calculations assume a 100% pass-through of wholesale prices into retail prices for uncontracted demand.  Both 

the NERA and CRA figures for 2012 exclude the additional load from the UK.  

Source: NERA; Frontier; CRA.  
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As the table shows, COMPEL predicts much lower merger effects in 2009 than both 
NERA and Frontier. The corresponding harm to consumers is also lower by a significant 
amount. This result is not surprising, since SFE models overestimate the market power 
held by generators when they are pivotal and simply assume that under these conditions 
generators will be able to charge an assumed maximum mark-up. The level for the 
maximum mark-up chosen by both Frontier and NERA (a multiple of 15 over variable 
costs) results in very high price effect during high demand hours (with prices rising 
several-fold relative to pre-merger levels). These predictions rely on generators being 
able to withhold significant amounts of output within the day, as soon as they become 
pivotal.  

COMPEL also predicts that market power will be higher when generators are pivotal. 
However it rules out some of the more extreme forms of hourly withholding assumed by 
simplified SFE models, and it also allows for some demand elasticity which will contain 
excessive price rises. This yields lower (and in our view more realistic) merger effects 
compared to NERA and Frontier’s SFE models. 

COMPEL’s results are broadly in line with NERA’s median price effects in 2012. This is 
partly due to the similar assumptions in terms of new independent capacity made by the 
NMa and NERA. These assumptions imply that the merging parties are no longer pivotal 
by 2012 (using NERA’s assumptions). This substantially reduces the price effects 
predicted by NERA’s SFE model, given its reliance on the presence of pivotality. 
However, given the very different nature of COMPEL and the NERA SFE model, the 
similarity of the two models’ predictions on average price effects is partly coincidental too.  

Frontier’s model predicts large price effects also in 2012, due to the fact that it assumes 
moderate amounts of new entry by that year. Based on the NMa input assumptions 
provided to CRA, Frontier’s results likely significantly overestimate merger effects in 2012, 
(even more than in 2009).  

Table 15 compares our results with those obtained by NERA’s SFE model assuming that 
the parties divest the portfolio identified by NERA (Frontier does not report any results on 
post-divestment scenarios). In 2009, the median equilibria results reported by NERA 
predict a larger loss of consumer surplus post-divestment than the one predicted by 
COMPEL. This is because NERA’s model still finds some very large price effects at high 
demand hours, when the merging parties remain pivotal even after the proposed 
divestment. NERA’s SFE results therefore confirm our finding that its proposed 
divestment does not eliminate significant price effects in 2009.44  

By 2012, the divestments are largely sufficient to remove the harm resulting from the 
merger, under both our results and those of NERA. COMPEL still predicts a small price 
effect even under the NERA divestment, which is eliminated by the enhanced remedy that 
we describe in Section 5. 

                                                 

44  NERA finds a negative price effect after divestments at the maximum equilibria. We do not consider this result to 

be robust, for the reasons that we set out in our companion report.  
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Table 15: Increase in prices due to merger predicted by COMPEL and by NERA’s and 

Frontier’s SFE models, assuming NERA’s proposed divestments 

 2009 2012 

 CRA NERA CRA NERA 

Average Prices 2% 2% 1% -2% 

Peak prices 2% 4% 0% -2% 

Increase in consumer expenditure 
(€m) 89 268 28 - 62 

Note: the NERA results are based on their median SFE. Figures for the increase in consumer expenditure are 

computed by using the hourly loads used in each model and the hourly price results. They also incorporate 

assumed contract cover in the case of the CRA and NERA results (using 20% of load in NERA’s case). These 

calculations assume a 100% pass-through of wholesale prices into retail prices for uncontracted demand.  Both 

the NERA and CRA figures for 2012 exclude the additional load from the UK. 

Source: NERA; CRA. 
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APPENDICES 

APPENDIX A:  DESCRIPTION OF COMPEL 

A.1 PRICE FORMATION MODELLING IN COMPEL 

The key objective of using models like COMPEL for the analysis of merger and/or 
divestment strategies is to simulate their impact on market prices. Thus, the price 
formation mechanism embodied in these models is of critical importance. COMPEL 
simulates price formation through a mathematical representation of supply and demand 
curves and computes prices in each instance as a point at which these two curves 
intersect. 

COMPEL is designed to chronologically model the wholesale electricity market in the 
course of a year.  To accomplish this COMPEL simulates price formation on a daily and 
hourly basis. For each day, COMPEL forms a supply curve that is the same for all hours 
by sorting all generating units available for that day in order of increasing bids.  It then 
proceeds to dispatch this supply curve against hourly demand. In doing so it determines 
the market-clearing price in each hour as the point at which the supply meets demand in 
that hour.  i.e., based on the last accepted offer which is uniformly paid to all accepted 
capacity.  This is similar to the operation of a power exchange and approximates the 
operation of a generally efficient bilateral market. 

A.1.1 Demand Representation in COMPEL 

COMPEL builds hourly demand curves based on an hourly load forecast and a calibrated 
demand slope. The COMPEL model uses the hourly demand forecast as an input but 
allows total generation to deviate from this forecast in response to prices. Demand 
response is calibrated to market data and an assumed elasticity parameter.  

In addition to representing load demand, COMPEL also specifies the need for operating 
reserve requirements that are set as a per cent of the daily peak demand.  Although 
COMPEL does not co-optimize the dispatch for energy and operating reserves, the 
presence of reserve requirements influences market simulations to some degree.  

A.1.2 Supply Representation in COMPEL 

Supply in COMPEL is provided by three broad categories of suppliers:  strategic firms, 
non-strategic firms and a competitive fringe.   
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Both strategic and non-strategic firms are assumed to control their respective sets of 
generating units. Generating units are characterized by installed capacity, non-fuel 
variable operating and maintenance (VOM) costs, assigned fuel types, heat rates and 
availabilities.  Fuel prices and availabilities may vary monthly.  Installed capacities, heat 
rates and VOMs are assumed constant for the entire year.  In each month, the short-run 
marginal cost (SRMC) of each generating unit is therefore computed as the sum of the 
VOM and fuel costs: 

SRMC = VOM + Fuel Price × Heat Rate 

It is further assumed that in each day non-strategic firms offer the entire available 
capacity of their generating units at a bid that is equal to SRMC: 

Bid = SRMC 

In contrast, COMPEL assumes that non-strategic firms may offer supply of their 
generating units at prices that are above SRMC:  

Bid = SRMC + Bid Adder 

The central element of COMPEL’s simulation of the strategic behaviour on the part of 
strategic firms is the computation of bid adders. Bid adders vary by unit owned by the 
same firm: i.e. two generating units controlled by the same firm or two segments (blocks) 
of the same generating unit may have different bid adders formed by COMPEL for the 
same simulation day.  Bid adders for the same unit or block may vary from one day to 
another. Even units that are identical in all other characteristics but controlled by different 
strategic firms could have different bid adders on the same day.   On a given day, the bid 
adder could make a generating unit or a block of that unit committed for the day, such that 
the unit will be serving demand (dispatched) for at least one hour during that day, or it 
could bid it out of the commitment step such that the unit effectively becomes 
economically withheld. 

The competitive fringe is a modelling representation of other sources of supply which do 
not necessarily have the above structure of generating units or whose ownership is not 
identified within the model. It could be used to represent for example external imports into 
the simulated market or demand response options available to load serving entities.  The 
competitive fringe is represented by the set of supply blocks specified by the MW level 
and bid prices.   In COMPEL the size and prices of blocks comprising competitive fringe 
can vary monthly, i.e. their characteristics remain unchanged for each day of the month 
and for each hour of the day. 

Given bids of all strategic and non-strategic firms and those of the competitive fringe, the 
COMPEL model develops a supply curve for each day by merging all units and blocks 
from all supply sources and by sorting them in the ascending order of their bids. 
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A.1.3 Simulation of the Market Outcome in COMPEL 

For any day, given twenty four calibrated hourly demand curves and one supply curve for 
that day, COMPEL simulates market outcomes for each hour of that day. It determines 
the dispatch level of each generating unit or block in the hour and calculates the level of 
served demand and an hourly market clearing price. Given the price and dispatch of each 
unit, COMPEL then computes its hourly generation cost, its operating revenue and an 
operating margin.  The model then calculates hourly cash flow for each strategic and non-
strategic firm.   

A.1.4 Representation of the Strategic Behaviour in COMPEL 

Modelling of the strategic behaviour in COMPEL is represented by the mechanism 
underlying the computation of bid adders for individual units or blocks controlled by 
strategic firms. Variation of bid adders changes the overall supply curve, influences 
market clearing prices and thereby changes hourly and daily operating margins for all 
firms. The COMPEL algorithms are based on the assumption that a strategic firm controls 
its bid adders in order to maximize its operating margin for the day.    

Strategic behaviour is then considered to be an outcome of a series of game-theoretic 
problems.  Each problem is set for a period of one day.  For that day, each strategic 
player strives to maximise its daily operating margin through developing bid adders for its 
generating units. The outcome is assumed to be in the form of Nash equilibrium in that 
game.  Equilibrium is achieved if no strategic firm could benefit by unilaterally changing its 
bid adders provided that all other strategic firms adhere to their bid adders. 

Simulation of strategic behaviour in COMPEL always begins by computing a perfectly 
competitive market outcome by effectively setting all bid adders to zero and resulting in 
market-clearing prices equal short-run marginal costs. At that stage, COMPEL determines 
all generating units committed for the day, i.e. needed to serve demand in at least one 
hour for that day or needed for operating reserves. 

In further developing bid adders for a strategic firm, COMPEL distinguishes between two 
bidding strategies – implicit economic withholding and explicit strategic bidding.  Some 
generating units that were committed for the day at the perfectly competitive simulation 
could be economically withheld. Economic withholding means that the bid adders are so 
high that unit will never be economic to dispatch during the day. These high bid adders 
are not explicitly calculated in COMPEL, they are simply assumed to be above any 
market clearing price for that day. With these withheld units assumed to be unavailable, 
COMPEL then proceeds to select a different set of generating units from those assumed 
to be available.  It forms a new merit order stack for the day using only these units and 
selects the most economic portion of that new stack required to meet peak demand and 
satisfy reserve requirements (a set of committed units). 

To the set of committed units controlled by strategic firms, COMPEL applies the strategic 
bidding algorithm – it explicitly computes bid adders for those units. 
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A.1.5 Interpretation of Bid Adders in the Cournot and Supply Function 

Equilibrium Context 

As illustrated by the NERA submission in this case, there are two common approaches 
toward modelling strategic behaviour in electricity markets. These are based on Cournot 
models of competition and Supply Function Equilibrium concepts.  Both approaches could 
be described in terms of the above identified strategies toward the development of bid 
adders. The Cournot approach is similar to the implicit economic withholding in which  
actual numeric values of bid adders need not be quantified.  The only thing that matters is 
the quantity of supply that is offered to the market in which the price is typically set by the 
demand side. As long as bids for economically withheld capacity exceed the market 
clearing price and bids for non-withheld capacity are below the market clearing price, 
these bids will be consistent with the Cournot equilibrium. One problem with this approach 
is that it only works for a given snapshot of the market, i.e. an hour in a day.  Thus, a set 
of bids (or bid adders) which are consistent with the Cournot equilibrium in one hour of 
the day will not be consistent with the Cournot equilibrium in a different hour of the same 
day. Thus following a Cournot equilibrium strategy on an hourly basis will require bids that 
drastically change from one hour to another, often leading to infeasible or unrealistic 
simulated operation of generating units. An attempt to find a set of bids that would be 
consistent with the Cournot equilibrium in each hour while remaining constant across the 
day will not be successful. 

If a constant set of bids (or bid adders) is sought for the entire day, the problem translates 
into what is known as a Supply Function Equilibrium (SFE). The SFE seeks bidding 
strategies explicitly in terms of bids that are set for a range of market conditions 
determined by demand varying from one hour to another. The demand in that context is 
defined broadly as a residual demand for strategic firms after supply offered by non-
strategic firms and competitive fringe is accounted for. 

The COMPEL model combines both Cournot and SFE approaches in a way that is 
consistent with operational limitations of the power system.  It allows Cournot-type implicit 
bidding, leading to an economic withholding of capacity for the entire day, but for hour-to-
hour operations it seeks bidding strategies translated into explicitly calculated bid adders. 
In sum, the approach implemented in COMPEL is more likely to respect basic dispatch 
constraints faced by a generating unit than models which consider each hour/demand 
level in isolation, and yields more realistic bidding and output patterns.  

A.1.6 COMPEL’s Algorithm 

The COMPEL algorithm forms a two-stage iterative process. In the first Cournot-type 
commitment game, COMPEL determines a set of generating units that strategic players 
could potentially find to be profitable to economically withhold. On that basis, the model 
identifies the subset of generating units that need to be committed in order to meet peak 
demand and reserve requirements.    

At the second stage, COMPEL develops bid adders for committed units of strategic 
players. As noted earlier, no bid adders are developed for committed units of non-
strategic players. 
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The decision at which price to offer committed capacity is an SFE game in which bid 
adders are specified for each generating block, and are assumed constant for each day.   

The payoff function (i.e. the daily operating margin of the firm) of the commitment game is 
dependent on SFE bids produced by strategic players.  SFE bids, in turn, are dependent 
on the committed set of generation blocks. 

The schematic of the COMPEL algorithm is depicted in Figure 1 below.  

Figure 9: Schematic of Compel Algorithm 

 

Each iteration of the commitment algorithm consists of a “withholding” pass and a “return” 
pass:  

• At the withholding pass, COMPEL tests whether withholding a subset of generating 
units controlled by a strategic firm could increase its profit for the day, taking into 
account that this withholding will cause other units to be committed and bids for all 
committed units will be recalculated; 

• At the end of each withholding pass, the payoff function of each strategic player that 
withholds units is guaranteed to be not less than at the beginning of that pass. 

A withholding pass is then followed by the return pass. At that pass, COMPEL tests 
whether returning back some unit previously withheld by a strategic firm could increase its 
profit for the day, taking into account that this return will cause other units to be committed 
and bids for all committed units will be recalculated. For example, given withholding of 
capacity by one strategic firm at the withholding pass, another firm may find it profitable to 
return back to commitment some units withheld at an earlier withholding/return iteration.   

At the end of each return pass, the payoff function of each strategic player that returns 
units is not less than at the beginning of that pass. 

A heuristic built into COMPEL allows the model to efficiently identify subsets of units that 
are good candidates to withhold or return at each pass and to avoid cycles of repeated 
withholds and returns. 
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The algorithms stop when it establishes that no strategic party can benefit from additional 
withholding, nor it can benefit from returning any withheld units. The SFE dispatch stage 
is performed instantly after each withholding or return is attempted and tested.   

Given changed supply curve for the day, the SFE algorithm recalculates bid adders for 
each block in the stack, conducts dispatch for every hour, computes clearing prices, 
dispatch, costs, revenues and operating margin for each block. Next it computes the 
value of the payoff function of each strategic player for the day and returns that value to 
the commitment algorithm. SFE computations are based on a heuristic numerical 
approximation of the solution of the system of Klemperer-Meyer differential equations for 
strategic firms. 

A.1.7 How COMPEL addresses the multiplicity of the SFE Equilibria 

The seminal work of Klemperer and Meyer45 indicates the existence of an infinite set of 
supply function equilibria, ranging between the most competitive and least competitive.  
The most competitive equilibrium is determined by the assumption that at the highest 
demand level the price is set by the system-wide marginal cost of meeting that demand. 
The least competitive equilibrium is determined by Cournot-type competition. The 
question therefore arises as to which particular equilibrium is chosen to represent 
strategic behaviour.  

It is important to note, however, that the Klemperer-Meyer paper deals with equilibria that 
emerge in so called symmetrical systems in which all strategic suppliers have identical 
marginal cost curves. Under this assumption, all equilibria are independent of the shape 
of the demand distribution, because at any level of demand the market will be equally split 
between all competing parties. Therefore, the most competitive and least competitive 
equilibria could be determined on the basis of how the highest demand level is served 
(e.g. Bertrand competition vs. Cournot competition).   

COMPEL typically deals with non-symmetrical systems in which strategic players are 
different in size and cost characteristics.  To such systems a simple classification of SFEs 
enveloped by Cournot and Bertand-bound SFEs described by Klemperer and Meyer does 
not apply.   

COMPEL’s commitment algorithm is an extension of the process that seeks the least 
competitive equilibrium which recognizes that the shape of the demand distribution 
matters and that the profit maximization sought by strategic firms must be achieved for 
the entire game period, i.e. a day.  For a symmetrical system COMPEL algorithm would 
converge to the least competitive SFE. 

                                                 

45  Op. cit. 
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A.2 STRENGTHS AND WEAKNESSES OF COMPEL’S SFE IMPLEMENTATION 

The model has a number of strengths relative to other models of strategic behaviour in 
power markets: 

• Its predictions are more robust to demand uncertainty/variation (which make Cournot 
models not appropriate).  

• Does not rely on unrealistic hourly bidding patterns within days. 

• It calibrates better than Cournot to actual output profiles of larger players (e.g.. 
generators can withhold units only on a daily basis to achieve high prices, implying 
that the outcome that is predicted is not a high-price Cournot outcome at all demand 
levels, and that the model does not predict excessive withholding which is not 
observed in practice). 

• It does not rely on pre-assigned and uniform mark-ups with large jumps in strategy 
space such as simplified SFE models. COMPEL selects the lowest priced SFE for a 
given portfolio commitment, and then allows for daily withholding of capacity. This 
implies that the equilibria that are found do not depend on assumed mark-up 
strategies (e.g. level of maximum mark-up). 

• The model is less reliant on pivotality than simplified SFE models, even though it will 
still predict greater market power when players are pivotal. The model also predicts 
that generators will be able to exercise market power when the generators are jointly 
pivotal, since unit withholding can be an effective way of creating a high price 
equilibrium. 

The model also has a number of limitations which need to be considered when examining 
its results. We do not believe that these imply that the model’s findings are not reliable:  

• The model is computationally very intensive, and its complexity increases with the 
choice of the number of strategic players. 

• The model makes standard simplifications, for example around min-up and down 
times, ramp rates, that make it hard to precisely replicate the operating pattern of a 
power plant.  

• The model selects one of the SFE, and then calibrates input assumptions to ensure 
that this SFE replicates actual market outcomes. An alternative SFE would calibrate 
with different input parameters and it may result in smaller or larger merger effects. 
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APPENDIX B:  MODELLING OF IMPORTS 

As described in the main report (see section 3.5) we have constructed monthly import 
supply curves, on the basis of actual flows in 2006. To construct a supply curve for each 
month, all data points (flow vs. APX price) were first sorted in order of increasing flow and 
then grouped into 20 categories containing an approximately equal number of data points.  
The groupings were based on import levels.  Next, for each group the average implied 
heat rate was computed. This process, however, does not guarantee that the category 
with higher flows would necessarily have higher heat rates than the category with lower 
flow levels.  In these instances, it was necessary to combine several categories into 
bigger ones in order to obtain a monotonically ascending supply function.   In total there 
were up to nine blocks in each month.  As shown in Table 16 below, in some months, the 
number of steps in this supply function was as low as 4. As discussed in the main text, 
the 400MW import allocations to Essent and Nuon were modelled as zero cost to ensure 
that they are not withheld pre-merger (i.e. this assumptions mimics the imposition of Use-
it-or-lose-it restrictions). 
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Table 16: Import Supply Curves 

 2006 Block Sizes (MW) 

Block Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1 990 641 770 1,661 1,570 1,829 2,108 1,883 1,440 1,492 1,823 753 

2 293 321 136 246 164 186 118 114 227 126 54 241 

3 131 100 145 107 189 151 574 146 87 108 427 258 

4 196 122 131 296 69 44 - 656 38 166 70 105 

5 288 134 255 246 82 113 - - 98 46 426 91 

6 145 387 221 107 118 55 - - 50 96 - 252 

7 453 636 264 41 353 227 - - 860 129 - 98 

8 148 136 520 95 116 195 - - - 636 - 450 

9 156 322 358 1 139 - - - - - - 552 

Essent 400 400 400 400 400 400 400 400 400 400 400 400 

Nuon 400 400 400 400 400 400 400 400 400 400 400 400 

Total    3,600     3,600     3,600 3,600     3,600    3,600    3,600    3,600    3,600     3,600  3,600  3,600  

Heat Rates (MWh/MWh) 

1      1.25       1.65       1.47      1.21      0.66      1.33      3.50      2.12      1.80       1.48       1.99      0.94 

2      1.44       1.84       1.62      1.29      0.76      1.45      3.59      2.43      2.16       1.80       2.08      1.35 

3      1.69       2.17       1.70      1.43      1.04      1.55      3.62      2.53      2.27       2.39       3.17      1.61 

4      1.97       2.56       1.88      1.54      1.28      1.80 -      2.67      2.44       2.90       3.25      1.82 

5      2.17       2.89       2.01      1.94      1.45      2.11 - -      2.48       2.97       3.34      1.91 

6      2.43       3.08       2.30      2.15      1.81      2.24 - -      2.72       3.30  -      2.06 

7      3.07       3.52       2.38      2.51      2.14      2.86 - -      2.95       3.65  -      2.42 

8      3.44       3.71       2.41      2.66      2.37      3.05 - -  -         3.97  -      3.00 

 9      3.63       4.04       3.20      3.16      2.38 - - - - - -      3.10 

Nuon - - - - - - - - - - - - 

Essent - - - - - - - - - - - - 
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 2009-2012 Block Sizes (MW) 

Block Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1 1,097   710     852 1,839 1,738 2,025 2,334 2,085 1,595  1,652  2,018    833 

2    324   355     151    273    182    206    130    127    251     140       60    267 

3    145     111     160    119    209    167    636    162      96     120     473    286 

4    217     135     145    328      76      49         -     727      42     184       78    116 

5    319     148     283    272      91    125         -           -      109       51     471    101 

6    160     429     245    119    130      61         -           -        55     107          -      279 

7    501     705     292      45    391    251         -           -      952     143          -      108 

8    164     151     576    105    129    215         -           -           -      705          -      499 

9   173    357     396       1    154          -           -           -           -           -      611 

NorNed 700 700 700 700 700 700 700 700 700 700 700 700 

Essent 400 400 400 400 400 400 400 400 400 400 400 400 

Nuon 400 400 400 400 400 400 400 400 400 400 400 400 

Total    4,600     4,600    4,600 4,600 4,600 4,600 4,600   4,600    4,600     4,600  4,600 4,600 

Heat Rates (MWh/MWh) 

1      1.25       1.65       1.47      1.21      0.66      1.33      3.50      2.12      1.80       1.48       1.99      0.94 

2      1.44       1.84       1.62      1.29      0.76      1.45      3.59      2.43      2.16       1.80       2.08      1.35 

3      1.69       2.17       1.70      1.43      1.04      1.55      3.62      2.53      2.27       2.39       3.17      1.61 

4      1.97       2.56       1.88      1.54      1.28      1.80 -      2.67      2.44       2.90       3.25      1.82 

5      2.17       2.89       2.01      1.94      1.45      2.11 - -      2.48       2.97       3.34      1.91 

6      2.43       3.08       2.30      2.15      1.81      2.24 - -      2.72       3.30  -      2.06 

7      3.07       3.52       2.38      2.51      2.14      2.86 - -      2.95       3.65  -      2.42 

8      3.44       3.71       2.41      2.66      2.37      3.05 - -  -         3.97  -      3.00 

 9      3.63       4.04       3.20      3.16      2.38 - - - - - -      3.10 

NorNed - - - - - - - - - - - - 

Nuon - - - - - - - - - - - - 

Essent - - - - - - - - - - - - 
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APPENDIX C:  CONTRACT COVER ASSUMPTIONS 

The contract cover assumption used by COMPEL to calibrate the model to actual 2006 
outcomes are set out in the table below.  

Table 17: Contract Cover assumptions used in COMPEL 

2006  

  
COMPEL    
Capacity 

Generation 
Capacity 

Contract 
Cover 

Cover as % of 
COMPEL    
Capacity 

Cover as % of 
Generation 

Capacity 

Electrabel […] […] […] 10% 10% 

Essent […] […] […] 10% 11% 

Nuon […] […] […] 10% 11% 

E.ON […] […] […] 0% 0% 

2009 

  
COMPEL    
Capacity 

Generation 
Capacity 

Contract 
Cover 

Cover as % of 
COMPEL    
Capacity 

Cover as % of 
Generation 

Capacity 

Electrabel […] […] […] 10% 10% 

Essent […] […] […] 10% 11% 

Nuon […] […] […] 10% 11% 

E.ON […] […] […] 0% 0% 

2012 

  
COMPEL    
Capacity 

Generation 
Capacity 

Contract 
Cover 

Cover as % of 
COMPEL    
Capacity 

Cover as % of 
Generation 

Capacity 

Electrabel […] […] […] 10% 10% 

Essent […] […] […] 10% 11% 

Nuon […] […] […] 10% 11% 

E.ON […] […] […] 0% 0% 

OPENBARE VERSIE Page 61 



Essent/Nuon: Simulation modelling of effects on wholesale electricity prices 
 
September 5 2007 CRA International 
 
 

 

APPENDIX D:  BASELINE MODELLING RESULTS FOR OFF-
PEAK HOURS 

Table 18. Price Impact of the Merger, 2009, Off-Peak Hours 

2009 Merger Impact €/MWh 

Month 

Post-Merger Pre-Merger 

Price Increase (%) 

Jan 49.99 46.97 6% 

Feb 51.18 48.67 5% 

Mar 50.52 48.40 4% 

Apr 39.47 38.70 2% 

May 39.44 38.68 2% 

Jun 41.64 40.63 2% 

Jul 51.22 47.97 7% 

Aug 45.45 44.53 2% 

Sep 43.18 41.98 3% 

Oct 43.86 41.61 5% 

Nov 49.93 47.54 5% 

Dec 52.10 49.04 6% 

Annual 46.42 44.49 4% 
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Table 19. Price Impact of the Merger, 2012, Off-Peak Hours 

2012 Merger Impact €/MWh 

Month 

Post-Merger Pre-Merger 

Price Increase (%) 

Jan 46.92 45.02 4% 

Feb 48.73 47.33 3% 

Mar 48.52 47.52 2% 

Apr 39.46 38.78 2% 

May 40.37 39.71 2% 

Jun 41.14 40.27 2% 

Jul 46.17 45.72 1% 

Aug 44.42 43.82 1% 

Sep 42.44 41.90 1% 

Oct 41.33 40.59 2% 

Nov 49.05 47.21 4% 

Dec 48.77 47.60 2% 

Annual 44.75 43.77 2% 
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Table 20.  Impact of Divestment on Prices, 2009 Off-Peak (Baseline scenario) 

Off-Peak 2009 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 46.91 47.57 46.97 0% 1% 

Feb 48.27 49.42 48.67 -1% 2% 

Mar 48.42 48.66 48.40 0% 1% 

Apr 38.55 38.94 38.70 0% 1% 

May 38.51 38.98 38.68 0% 1% 

Jun 40.24 40.74 40.63 -1% 0% 

Jul 47.50 48.28 47.97 -1% 1% 

Aug 44.50 44.92 44.53 0% 1% 

Sep 41.96 42.26 41.98 0% 1% 

Oct 41.31 42.08 41.61 -1% 1% 

Nov 48.03 48.66 47.54 1% 2% 

Dec 48.51 49.30 49.04 -1% 1% 

Annual 44.33 44.91 44.49 0% 1% 

 

OPENBARE VERSIE Page 64 



Essent/Nuon: Simulation modelling of effects on wholesale electricity prices 
 
September 5 2007 CRA International 
 
 

 
Table 21.  Impact of Divestment on Prices, 2012 Off-Peak (Baseline scenario) 

Off-Peak 2012 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 44.76 45.43 45.02 -1% 1% 

Feb 47.52 48.01 47.33 0% 1% 

Mar 47.69 48.01 47.52 0% 1% 

Apr 38.75 39.25 38.78 0% 1% 

May 39.57 40.19 39.71 0% 1% 

Jun 39.88 40.28 40.27 -1% 0% 

Jul 45.72 45.84 45.72 0% 0% 

Aug 43.76 43.96 43.82 0% 0% 

Sep 42.06 42.11 41.90 0% 0% 

Oct 40.37 40.59 40.59 -1% 0% 

Nov 47.99 48.27 47.21 2% 2% 

Dec 47.40 47.96 47.60 0% 1% 

Annual 43.75 44.13 43.77 0% 1% 
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APPENDIX E:   PROJECTED DEMAND-SUPPLY BALANCE 
IN 2009 AND 2012 

Table 22.  Netherlands Projected Supply Availability vs. Demand by Month in 2009 

2009 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Generation Availability (GW) 

Essent […] […] […] […] […] […] […] […] […] […] […] […] 

Nuon […] […] […] […] […] […] […] […] […] […] […] […] 

Electrabel […] […] […] […] […] […] […] […] […] […] […] […] 

E.ON […] […] […] […] […] […] […] […] […] […] […] […] 

Others […] […] […] […] […] […] […] […] […] […] […] […] 

Generation 16.9 16.7 17.2 16.4 17.0 16.4 16.1 16.8 16.9 16.4 17.5 16.4 

Imports (GW)  

Essent 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Nuon 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Others 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 

Imports 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 

Supply 21.5 21.3 21.8 21.0 21.6 21.0 20.7 21.4 21.5 21.0 22.1 21.0 

Demand 16.8 16.3 15.9 14.8 15.1 15.2 15.3 14.9 15.2 15.4 16.2 17.0 

Excess 
Reserve 
Margin 28% 31% 37% 42% 43% 39% 35% 44% 42% 36% 36% 23% 

Parties  
Share of 
Peak De-
mand 44% 46% 47% 47% 47% 47% 47% 51% 50% 47% 49% 43% 

 

Note:  This table does not account for 2.4 GW of installed capacity not included in COMPEL and for load served 

by that capacity 
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Table 23.  Netherlands Projected Supply Availability vs. Demand by Month in 2012 

2012 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Generation Availability (GW) 

Essent […] […] […] […] […] […] […] […] […] […] […] […] 

Nuon […] […] […] […] […] […] […] […] […] […] […] […] 

Electrabel […] […] […] […] […] […] […] […] […] […] […] […] 

E.ON […] […] […] […] […] […] […] […] […] […] […] […] 

Others […] […] […] […] […] […] […] […] […] […] […] […] 

Generation 18.8 18.5 18.9 18.6 18.9 18.3 17.7 18.5 18.5 18.3 18.9 18.6 

Imports (GW) 

Essent 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Nuon 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Others 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 

Imports 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 

Supply 23.8 23.6 24.0 23.6 23.9 23.4 22.8 23.6 23.6 23.3 24.0 23.6 

Demand 17.8 17.7 16.8 15.7 16.0 16.1 16.2 15.8 16.1 16.0 17.2 18.0 

Excess 
Reserve 

34% 33% 42% 50% 49% 45% 40% 49% 46% 45% 40% 31% 

Parties  
Share of 
Peak 
Demand 37% 37% 38% 40% 40% 40% 39% 42% 41% 40% 39% 35% 

 

Note:  This table does not account for 2.4 GW of installed capacity not included in COMPEL and for load served 

by that capacity 
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APPENDIX F:  RESULTS ON STRESS-TEST OF 
DIVESTMENT SCENARIOS 

F.1 COMPETITIVE IMPORTS 

Table 24.  Stress Test of Divestment Portfolios :  No Strategic Imports, 2009 Peak 

Peak 2009 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 69.12 72.02 68.40 1% 5% 

Feb 70.52 72.87 71.78 -2% 2% 

Mar 62.81 63.07 62.70 0% 1% 

Apr 48.53 49.01 48.26 1% 2% 

May 47.46 47.76 47.32 0% 1% 

Jun 49.85 50.50 49.92 0% 1% 

Jul 68.35 69.17 68.42 0% 1% 

Aug 49.23 49.41 49.36 0% 0% 

Sep 50.54 51.22 50.75 0% 1% 

Oct 52.11 55.95 52.03 0% 8% 

Nov 60.02 60.28 59.69 1% 1% 

Dec 70.82 71.70 70.87 0% 1% 

Annual 58.40 59.55 58.41 0% 2% 
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Table 25.  Stress Test of Divestment Portfolios :  No Strategic Imports, 2009 Off-Peak 

Off-Peak 2009 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 47.15 48.12 47.14 0% 2% 

Feb 48.91 49.76 49.18 -1% 1% 

Mar 49.21 49.40 49.07 0% 1% 

Apr 39.02 39.46 38.90 0% 1% 

May 39.49 39.90 39.45 0% 1% 

Jun 40.55 40.92 40.74 0% 0% 

Jul 50.04 50.66 49.80 0% 2% 

Aug 45.69 45.76 45.55 0% 0% 

Sep 42.10 42.41 42.15 0% 1% 

Oct 41.88 42.42 41.91 0% 1% 

Nov 49.52 49.97 48.83 1% 2% 

Dec 49.47 50.16 49.55 0% 1% 

Annual 45.19 45.68 45.13 0% 1% 
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Table 26.  Stress Test of Divestment Portfolios :  No Strategic Imports, 2012 Peak 

On-Peak 2012 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 56.24 57.23 56.19 0% 2% 

Feb 61.84 63.49 60.99 1% 4% 

Mar 57.72 57.80 58.22 -1% -1% 

Apr 46.41 47.19 46.99 -1% 0% 

May 46.26 46.09 46.23 0% 0% 

Jun 45.34 45.76 45.40 0% 1% 

Jul 60.47 61.24 59.67 1% 3% 

Aug 47.28 47.37 47.27 0% 0% 

Sep 45.56 45.64 45.36 0% 1% 

Oct 45.26 45.46 44.98 1% 1% 

Nov 53.72 53.45 53.68 0% 0% 

Dec 59.43 60.78 59.43 0% 2% 

Annual 52.13 52.62 52.03 0% 1% 
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Table 27.  Stress Test of Divestment Portfolios :  No Strategic Imports, 2012 Off-Peak 

Off-Peak 2012 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 45.23 46.29 46.04 -2% 1% 

Feb 48.34 48.80 48.04 1% 2% 

Mar 48.77 48.83 49.26 -1% -1% 

Apr 38.98 39.62 38.94 0% 2% 

May 40.00 40.29 39.72 1% 1% 

Jun 40.00 40.45 40.28 -1% 0% 

Jul 46.41 46.51 46.45 0% 0% 

Aug 44.80 44.94 44.79 0% 0% 

Sep 42.29 42.39 42.12 0% 1% 

Oct 40.87 41.11 40.87 0% 1% 

Nov 49.67 49.83 49.21 1% 1% 

Dec 48.42 49.22 48.28 0% 2% 

Annual 44.44 44.83 44.46 0% 1% 
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F.2 HIGH FUEL PRICES 

Table 28.  Stress Test of Divestment Portfolios:  High Fuel Prices, 2009 Peak 

Peak 2009 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 96.35 102.81 100.01 -4% 3% 

Feb 101.37 102.38 102.25 -1% 0% 

Mar 90.38 90.91 91.03 -1% 0% 

Apr 67.35 67.76 67.29 0% 1% 

May 65.85 66.08 65.96 0% 0% 

Jun 68.98 70.20 69.91 -1% 0% 

Jul 92.66 93.88 92.16 1% 2% 

Aug 70.20 70.18 70.94 -1% -1% 

Sep 70.17 70.66 70.51 0% 0% 

Oct 72.62 74.28 74.92 -3% -1% 

Nov 85.39 86.11 86.80 -2% -1% 

Dec 99.51 102.62 102.40 -3% 0% 

Annual 81.88 83.32 83.00 -1% 0% 
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Table 29.  Stress Test of Divestment Portfolios:  High Fuel Prices, 2009 Off-Peak 

Off-Peak 2009 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 60.26 62.29 60.50 0% 3% 

Feb 66.10 67.33 67.70 -2% -1% 

Mar 64.25 65.79 65.64 -2% 0% 

Apr 48.24 49.01 48.18 0% 2% 

May 47.92 48.97 48.24 -1% 2% 

Jun 49.49 50.70 50.66 -2% 0% 

Jul 64.45 65.08 65.26 -1% 0% 

Aug 60.16 60.27 60.89 -1% -1% 

Sep 57.56 57.99 57.93 -1% 0% 

Oct 53.70 54.64 53.77 0% 2% 

Nov 63.59 64.82 63.91 -1% 1% 

Dec 63.44 65.88 64.54 -2% 2% 

Annual 58.12 59.26 58.79 -1% 1% 
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Table 30.  Stress Test of Divestment Portfolios:  High Fuel Prices, 2012 Peak 

Peak 2012 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 75.61 75.63 76.42 -1% -1% 

Feb 77.26 77.36 78.62 -2% -2% 

Mar 82.43 81.92 81.90 1% 0% 

Apr 62.97 63.59 62.93 0% 1% 

May 63.26 64.26 62.30 2% 3% 

Jun 63.18 63.37 64.03 -1% -1% 

Jul 72.58 72.60 72.61 0% 0% 

Aug 63.97 64.00 63.44 1% 1% 

Sep 64.28 64.28 64.39 0% 0% 

Oct 63.61 63.56 63.77 0% 0% 

Nov 75.94 75.68 75.98 0% 0% 

Dec 80.63 81.24 80.99 0% 0% 

Annual 70.47 70.61 70.60 0% 0% 
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Table 31.  Stress Test of Divestment Portfolios:  High Fuel Prices, 2012 Off-Peak 

Off-Peak 2012 Divestment Impact (€/MWh) Price Increase (%) 

Month CRA Divest NERA Divest Pre-Merger CRA Divest NERA Divest 

Jan 54.35 56.46 55.24 -2% 2% 

Feb 59.49 60.14 59.14 1% 2% 

Mar 60.66 60.21 58.22 4% 3% 

Apr 45.47 45.95 44.23 3% 4% 

May 46.24 47.44 45.25 2% 5% 

Jun 48.68 50.08 49.16 -1% 2% 

Jul 62.78 63.14 63.15 -1% 0% 

Aug 51.35 51.64 50.62 1% 2% 

Sep 51.73 52.71 51.54 0% 2% 

Oct 50.24 50.54 50.61 -1% 0% 

Nov 57.73 57.94 56.10 3% 3% 

Dec 59.41 60.44 59.48 0% 2% 

Annual 53.97 54.70 53.53 1% 2% 
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