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ABSTRACT  
White Paper on Spain’s Electricity Reform made use of a 
simulation model in order to evaluate the potentital for market 
power exercise and the effectiveness of proposed remedies. This 
paper reviews the basics of the used model and the results that 
were presented.  
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1. Introduction 
 

n July 2005, the White Paper on the Reform of the 
Regulatory Framework of Spain’s Electricity Generation 

(the White Paper in the sequel) [1] was released to the public. 
The White Paper had been commissioned to Professor Perez 
Arriaga by the Spanish Ministry of Industry in order to drive a 
public discussion on the possible solutions to a number of 
widely acknowledged problems. 
Actually, the White Paper deals with a quite impressive list of 
issues that justifies a rather long (533 pages) report. Namely, 
the White Paper sorts out as most significant problems an 
inadequate market structure in order to support real 
competition; an energy market price scarcely relevant; the 
need of regulatory harmonization with Portugal […]; a 
regulated tariff that does not take into account the energy 
price, stifles independent electricity retailing, and does not 
provide economic signals to the consumers; a costly and 
inefficient system of capacity payments; a distorting 
mechanism of Cost of Transition to Competition payments 
[…]; a transportation network that must accommodate many 
new access requests but whose expansion is plagued by 
administrative,  environmental and political difficulties; a 
power system that must manage increasing amounts of 
intermittent generation lacking the needed physical and 
regulatory resources; and finally a country on an 
unsustainable energy course in need of an integrated plan. 
However, in September 2005 Gas Natural launched an 
acquisition bid on Endesa that initiated a very active period of 
corporative movements in the Spanish energy sector whose 
end is not, as the time of writing, at sight. An unfortunate 
consequence is that the regulatory process has been mostly 
halted or, at least, subverted in regard to its proper pace and 
goal. This is not to say that new regulation has not been 
passed, but that primary analysis and in may cases possibly 
motivation has been in regard to these corporative problems. It 

goes without saying that it is generally acknowledged that 
good regulation cannot be very much dependent of the 
concrete, specific and almost surely fleeting circumstances of a 
company or small group of companies. 
So, most of the problems of the long list above have not been 
solved. If anything, they have grown worse in the intervening 
years. Nevertheless there have been some regulatory reforms 
that have advanced in the White Paper suggested way. For 
instance, the auctioning of virtual generation capacity that will 
take place in May 2007 (albeit in much smaller volumes and 
tenors than the White Paper suggestions) or the auctions to 
provide energy to consumers under regulated tariff that will 
take place in June 2007. 
The aim of this paper is to review just a small part of the 
White Paper: its analysis of the market power problems. The 
analysis is also noteworthy because of the use of simulation 
models to help in this task. Although unusual in regulatory 
work they do not provide the only, not even the more 
important, of the arguments that back the White Paper 
recommendations. 
The sequel of this paper is organized as follows. Next section 
provides some background on the Iberian electricity market at 
the time the White Paper was written. Section III shows 
general aspects of the analysis methodology. Section IV 
explains how physical operation and constraints of the Iberian 
system are be modeled. Next section explains the algorithm 
basics of the used model. Then, section VI delves in arguably 
the more critical aspect of the model: the computation of the 
so-called “strategic parameter” that summarizes companies’ 
strategic behavior incentives. Section VII shows some of the 
obtained results and regulatory implications, and section VIII 
concludes. 
 

2. Background on competition in the spanish 
electricity market 

 
Spanish electricity market, as most electricity markets in the 
world, is characterized by a high degree on concentration. 
Actually, it can be described as an imperfect duopoly. It is also 
characterized by limited interconnection capacity with 
neighboring systems. As consequence, it is not surprising that 
market power concerns are widely shared. 
Diagnostic of market power in most economic sector rely in 
some simple economic indexes, being the Herfindahl-
Hirschman index the most used one. It is widely acknowledged 
that application of these indexes to power markets can be 
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misleading, because of electricity special characteristics. 
Therefore, some proposals have been advanced to be used 
instead, such as the Pivotal Supply Index or the Probability of 
being the Marginal Supplier.  
The White Paper analysts acknowledge these measures, but 
they argue that they can be also quite misleading. Therefore, 
they advocate the use of simulation models to fulfill this 
diagnostic role. That is, simulation model output can be treated 
as a sort of sophisticated concentration index. 
They also discuss the pros and cons of possible remedies, once 
that a possible situation of dominance has been established. 
Specifically, they consider physical divestures, virtual power 
sales, long term contracts, greater demand elasticity, increasing 
interconnection capacity, lessening barriers of entry, 
improving information handling, and market monitoring and 
other regulatory measures.  
One of the main conclusions is that adequate competition can 
be warranted provided that a threshold of “effective 
concentration” is not crossed. “Effective concentration” is 
computed on the basis of the “effective generation capacity” of 
each agent, that is, total generation capacity net of long term 
commitments (for instance, longer than 5 years, time enough 
for new capacity to be built). The term is required in order that 
present spot price cannot influence the negotiation of 
commitments for the next round and therefore be internalized 
in its price. For instance, let us assume that 3 months contracts 
for differences are to be negotiated, being the beginning the 
delivery time in three months time. Then, as the strike price is 
likely to be linked to the spot price in the intervening months, 
there is an incentive to exercise market power during this 
period1. These concerns are not applicable if there is a credible 
threat of entry. 
 
3. Simulation methodology 
 
This section explains the White Paper methodology in order to 
quantify market power in power markets: to use oligopolistic 
simulation models to compare prices computed assuming that 
agents make maximal use of their market power, with those 
obtained assuming a perfectly competitive market. Agents 
modeling should intend to model as accurately as possible the 
agents’ potential strategic behavior. There are a number of 
models of this kind, besides the White Paper one. Although 
they allow very detailed system representation (both physical 
and behavioral), there are some unavoidable simplifications. 
Usually, the effect is to underestimate the market power 
potential. For instance, White Paper model is a medium-term 
(yearly) model that does not fully consider inter-monthly hydro 
management, does not fully model pumping management, and 
averages wind generators production. 

 
1 The role of forward contracts as a mean to mitigate market power has 

been object of persistent attention. The influential paper by Allez and Villa 
[2] showed that possibility of forward contracting could make the spot market 
more competitive. However, other authors have observed that the pro-
competitive effect depends on modeling assumptions [3], and that could even 
have detrimental consequences by helping to sustain collusion [4]. The effect 
of current spot price in next forward price is analyzed in [5]. The authors 
conclude that for forward contracts to be effective, they must also be long-
term ones.   

Final goal is to estimate how the market should behave in 
absence of any market power control mechanisms, in order to 
asses the possible existence of dominant positions. Were the 
test negative (i.e. market power potential is modest), the 
regulator could decide to simply maintain a supervisory role. 
Otherwise, structural measures could be called for.   
The use of analysis based on historical data was considered 
inadequate. Main reasons were a number of mechanisms, 
thought to be phased out soon after the White Paper 
completion that provided strong incentives to the agents to bid 
relatively moderate prices. The more relevant ones were the 
Cost of Transition to Competition (CTC) payments, and the 
Tariff Deficit mechanism2. So, evidence of historical prices at 
levels close to competitive ones does not imply that the system 
can be thought as structurally competitive.  
Therefore, market simulation under the forecasted conditions 
in which no CTC payments nor Tariff Deficit mechanism 
would longer be, can allow to asses if existing or forecasted 
levels of industry concentration are allowable or not. It can 
also asses, simulating different scenarios (i.e. hydro inflows or 
carbon prices scenarios), concentration thresholds that should 
not be crossed in order that the regulator can trust that no 
significant market power exercise is feasible. 
So, the White Paper analysts performed the following tasks: 

·  Firstly, from data provided by the Independent 
System Operator (Red Eléctrica de España), 
scenarios of future generation capacity, to the level 
of station, have been built.  

·  Secondly, oligopolistic simulations have been 
performed, in order to asses the market power 
potential. Scenarios for the years 2006, 2008 and 
2010 were analyzed, to asses if the “natural” system 
evolution could by itself solve the possible 
competition problems. 

·  Finally, once that it has been checked that there were 
basis for concern in this regard, the White Paper 
analysts proceed to evaluate the amounts of 
production that every agent could freely bid, that is, 
their effective capacity. 

 
4. Iberian power system model 
 
Simulation model is based on a detailed representation of both 
the demand and the generation structure. Time horizon is one 
year, divided in 12 monthly periods. In each month, demand is 
characterized by a hourly load-duration curve3, as shown in the 
figure. Of course, chronology is lost when building the load-
duration curve. 
 

 
2 CTC payments were roughly structured as a contract for differences of 

the generation companies with the customers paying regulated prices. On the 
other hand, Tariff Deficit mechanism compensated to the Distribution 
companies for the purchase of electricity to prices above the regulated price 
for this same set of customers. Take into account that even now most demand 
is paying regulated prices, and that most Iberian electricity companies are 
vertically integrated. 

3 Original hourly data (the blue curve) was provided by Red Eléctrica de 
España. 
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Figure 1: Load-duration curve 
 

Generation data are characterized by the following parameters: 
·  Thermal stations. Every thermal plant with capacity 

greater than 50 MW has been individually modeled. 
Specifically, the following characteristics are 
required: 

o Maximum output [MW] 
o Expected forced outage rate [p.u.] 
o Variable cost [€/MWh] 
o Specific carbon emissions [tC/MWh] 

·  Hydro stations.   Modeling of hydro station is a 
complex task. The White Paper analysts considered a 
small number of equivalent hydro stations. In the 
Spanish hydro system, they are the defined by the 
bidding hydro units that aggregate hydro bids in the 
Spanish daily market. Portuguese hydro system is 
also represented equivalent hydro stations. Each 
equivalent hydro station is defined by: 

o Maximum output [MW] 
o Minimum output (run-of-the-river power 

generation) [MW] 
o Available energy [MWh] 

Every parameter is defined in a monthly basis. 
Therefore, the model does not simulate utilities inter-
monthly hydro management. It rather assumes that 
future hydro management will be the same as past 
one4.  
In order to estimate these monthly values, historical 
hourly production data were used. For each hydro 
inflow scenario, maximum and minimum output 
values were estimated as maximum and minimum 
actual productions within each month, as shown in 
figure 2. Total energy is estimated as total energy 
production in the month. 

 
4 Therefore, the model does not consider a potentially very effective way of 

market power exercise: to increase hydro production more than the amount 
that social welfare maximization would advise in some months in order to 
decrease offer in subsequent months.   
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Figure 2: Hydro productions curve 

 
In order not to overestimate the market power 
potential, maximum power of each equivalent hydro 
plant was further reduced, and minimum power 
increased. The factors were computed in order that 
maximum and minimum power system power 
productions were as close as possible to the sum of 
the corrected equivalent hydro plants values. Figure 3 
shows maximum production for the system and for 
the sum of the equivalent hydro plants. It is easy to 
check that the correction factor is quite stable, which 
justifies the above procedure. Similar remarks can be 
done regarding the minimum output. 
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Figure 3: Hydro correction factors  

 
·  Wind generation was modeled as a given 

monthly value, set equal to forecasted 
monthly averaged values5, bidding to market 
at price zero. Other generation technologies, 
as CHP plants, were treated in similar way. 
The produced power is infra-marginal 
production of the generator. However, the 
procedure tends to underestimate market 
power. In real life, wind generation can be 
forecasted the day before, which allows to 
the agents to profit from bidding 
opportunities more than assumed by the 
model. 

·  Electricidade de Portugal (EdP) received a 
special treatment: it is assumed that EdP 
behaves as a competitive (non-strategic) 
participant.  The reason lies in the existence 
of the Portuguese mechanism for the 
payment of costs of transition to competition 
(CMEC), that theoretically should 

 
5 Wind generators were forecasted to be installed at very high pace during 

the study period. 
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compensate any EdP incentive to make use 
of market power. Clearly, this assumption 
possibly underestimates market power 
potential. 

·  It was also assumed a price cap at 120 
€/MWh. This decision was justified because 
of the existence of a capacity payments 
mechanism. However, not every station was 
under the umbrella of such mechanism, 
which makes this assumption also possibly 
to underestimate market power potential.  

5. Model basics 
 
Oligopolistic competition model has recently drawn a 
remarkable amount of study. Generally speaking, existing 
models are not able to correctly forecast market prices. 
However, they can provide useful information of a more 
comparative character. For instance, they can be used to 
analyze two scenarios in order to asses which one is more 
prone to market power exercise.  
White Paper model is intended to be used for this kind of 
analysis. In other words, no price forecasts are pursued, but 
rather estimations of market power potential. In order to 
strength the White Paper recommendations, the analysts 
choose a “conservative” model, unable to fully exploit agents 
possibilities, that purposely sub-estimates their capabilities to 
influence the market. Therefore, it is adequate from the point 
of view of justification and implementation of regulatory 
measures. 
The starting point is to identify the optimal behavior of each 
agent in the very much simplified case of a single hour time 
horizon. In this case, each agent (firm)f strategy is to 

maximize its revenue fR , that is, the difference between 

income fI and operating cost fC : f f fR I C= - . Income is 

the generated energy fp times the spot prices . Therefore, 

f f fR s p C= × -  

When the firm has long term contracts, spot market only 
affects the generated energy minus the effective energy already 

sold by these long term commitments fF . Therefore, revenue 

is:  

( )f f f fR s p F C= × - -  

First order optimality condition reads: 

( ) ( )

0f

f

f
f f f f

f f f

R

p

C s
s p F s p F

p p p

¶
= �

¶

¶ ¶ ¶� �= × - = + × -� �¶ ¶ ¶

 

being fs p¶ ¶ the conjectural price response of agent f , 

i.e., the price change because an unilateral production change 
of the agent itself. This value represent the agent capability to 
influence the system price, and it is one of the critical elements 

in order to asses its possible dominant position. In the sequel, 
it will be called “strategic parameter” and will be written 

as fa . 

Reordering the previous equation: 

( )f
f f f

f

C
s a p F

p

¶
= + × -

¶
 

In order to fulfill the previous first order condition for every 
agent, as equilibrium between demand and generation is 
preserved, is to simulate a “model market”.  Each agent bids a 

“model bid” ( )f fB p obtained according the formula 

( ) ( )f
f f f f f

f

C
B p a p F

p

¶
= + × -

¶
 

Market clearing provides a point which satisfies all t 

 
Figure 4: “Model bids” 

 
By adding all the agents bids, and aggregated system bid is 
obtained. Crossing with the demand curve (a vertical line in 
the inelastic demand case analyzed in the White Paper) results 
in the market price. From the market price and the agents’ 
“model bids”, agents’ productions can be obtained. 
The above model can be viewed as a traditional production 
costing, but with “model bids” instead of marginal cost curves. 
In this way, the effect of strategic interaction can be 
incorporated with minimal modifications of the traditional 
models. 
From a more general viewpoint, a competitive market model 
cannot be exclusively based on costs. The strategic production 
costing model is an evolutionary development of traditional 
production costing models that allows to simulate situations 
where every agent take decisions trying to maximize its own 
profit, but without losing the advantages inherent to traditional 
production costing model. The strategic model reconsiders the 
traditional merit order to internalize the dominant agents’ bias 
towards withholding part of their generation capability. A 
detailed description of the production costing model, including 
start up and shut down decisions and cost internalization, and 
hydro units dispatching, can be found in [6].  
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However, estimation of strategic parameters in each 
circumstance (market scenario, hour, etc.) remains a critical 
issue.  
 
6. Strategic parameter estimation 
 
A possible procedure, adequate for short to medium term 
simulations, is to estimate these values from historical data. 
The strategic parameter can be directly estimated from 
historical spot market bidding curves (“measured conjectured 
price response”) or can be computed as the value that make an 
oligopolistic market model to replicate as closely as possible 
the historical performance of an electricity market (“implied 
conjectured price response”) [7].  
However, the historical method was not adequate for the sort 
of simulations relevant to the White Paper goals. Actually, any 
historical method assumes that agents’ future behavior will 
resemble past one. When the intent is to assess significant 
regulatory changes, this thesis can be no longer tenable. 
So, it is desirable to only use own model data in order to 
obtain reasonable values of the strategic parameter. For 
instance, by building the system marginal cost curve can help 
to detect for which values of the demand there are a huge 
number of similar groups and, consequently, strong 
competitive pressure can be expected.  Conversely, it can also 
show for which demand values there are huge gaps between 
the cost of the marginal technology and the next one in the 
merit order, and therefore strong incentives to market power 
exercise do exist. Actually, strategic costing production model 
bids can be thought as a sophisticated way of doing this kind 
of analysis, because they internalize the strategic component as 
well. 
 An important point is that “model bids” are not the 
companies’ bids. For instance, if Cournot competition is 
assumed, as well as a linear demand curve 

0
0

1
D D

a
= -  

(being 0D and 0a two constants) the companies bids are 

inelastic supply functions of constant power 
0,f fP P s= "  

and the strategic parameter is provided by the demand 
equation  

0fa a=  

Therefore, the “model bid” is  

( )0
f

f f
f

C
s a p F

p

¶
= + × -

¶
 

So, relationship between companies’ bids and “model bids” is 
anything but obvious. The previous difficulty is typical of 
conjectured variations models and related ones.  
 
So, a popular alternative has been to assume that generators 
bid by choosing supply function from a specific set, 
parameterized by the so-called “strategic variable”.  Then, 
profits are considered to be functions of the strategic variables, 

and the Nash equilibrium (if exists) computed. For instance, 
Cournot competition assumes that the set of admissible supply 
functions are inelastic quantities (and the strategic variable the 
quantity) and Bertrand competition that the admissible set are 
perfectly elastic price bids (and the strategic variable the 
price). 
For electricity markets analysis linear supply functions have 
been also proposed as the set of admissible bids [8]. Strategic 
variables can be either the intercept or the slope of the bid, 
being the other one parameter a given datum. 
The White Paper analysts posit a different set of admissible 
bids, closely related to the “model bids”. Their use can be 
justified as a proxy of the minimal power market exercise bids 
in the context of supply functions theory, as shown in [8]. So, 
it is consistent with the general goal of not overstating market 
power potential, in order to better uphold any regulatory 
measure. Specifically, the agents are assumed to bid according 
the supply function:  

( ) ( )f
f f f f f

f

C
B p a p F

p

¶
= + × -

¶
 

The strategic variable is the strategic parameterfa . The value 

can be computed as the Nash equilibrium of a game, where 
each agent profit is function of the whole set of strategic 

parameters: ( )1, ,f f FR R a a= � . The Nash equilibrium 

fulfills that the value of each strategic parameter is actually the 
slope of the residual demand curve, in the differentiable case6. 
One advantage of the proposed method is that the game can be 
solved by an iterative procedure that does not require the 
marginal cost function to be smooth, but can also handle 
stepped ones. The algorithm is essentially the computation of a 
fixed point by the Gauss-Seidel procedure. Formally: 

1. Set as starting point 0 0,fa f= " . 

2. From 1( , , )k k
Fa a�  compute each 1k

fa + by solving 

( )1
1sol max , ,

k
f

k k k
f f F

a
a R a a+ = �  

That is, each agent optimizes its own strategic 
parameter keeping the strategic parameters of its 
competitors constant. 

3. Check stopping criteria, and finish or go back to 2. 

 
6 Similar ideas, independently developped to the best of authors’ 

knowledge, can be found in [10] and [11]. 
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Figure 5:  Strategic parameter estimation  

 
Figure 5 shows the demand residual, profit and bid curves of 
three agents along this iterative process. Usually the algorithm 
converges, and an equilibrium is therefore computed. 
However, in some cases there are not Nash equilibria in pure 
strategies, or at least the algorithm does not converge to any. 
In these cases, the stopping critera amounts to verification 
that an e-equilibrium has been attained. A more detailed 
account of these issues can be found at [8]. 

 
 
7. Results 
 
White Paper analysts performed a great number of simulations, 
with scenarios obtained by assuming different coal, natural 
gas, and carbon allowances prices; different hydro inflows; 
different wind generation penetration; and different study years 
(namely: 2006, 2008 and 2010). Figure 6 compares 
dispatching in a certain month assuming relatively high or low 
coal prices, in order to appreciate the radically different 
operation and gain a taste of the width and breadth of the 
studies performed. 
  

 
Figure 6:  Dispatch under high (up) and low (down) coal prices  

 
As remarked above, one of the study aims was to quantify the 
amount of long term contracting that would lead to a proper 
level competitive pressure. So, a number of simulations 
assuming different contracting levels were also done. Figure 
shows price-duration curve during March 2008, assuming 
normal hydro conditions and low coal prices, for different 
levels of long-term contracting. It is assumed that each one of 
the two biggest incumbents contract equal amounts of power, 
from nothing to 6000 MW in steps of 1000 MW. The 
simulation assuming price-taking behavior is also shown. 
 

 
Figure 7:  Price-duration curves as function of long-term contracting 

 
The analyzed simulations leaded to the White Paper analysts 
to conclude that a proper level could be in the order of 4000 
MW in valley hours and 6000 MW in peak hours for each one 
of the two biggest incumbents.  
In order to embody the gained insights, the White Paper 
proposed a regulatory rule to bound the energy that any agent 
could freely bid in the market, that is, a rule to limit “effective 
concentration”. Firstly, the rule defines the “effective 
capacity” of each plant, sorted by technology. It depends of the 
load level (valley, shoulder or peak). Basic idea is that there 
are load-base and peak technologies, and that peak 
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technologies do not typically operate in load-base hours. 
Specifically, the White Paper proposes the following 
classification: 
 

Effective 
power 

valley Shoulder peak 

CCGT 
Coal-fired 
Nuclear 

Installed power · 
EFOR 

Installed power · 
EFOR  

Installed power · 
EFOR 

Oil 0 0 
Installed power · 

EFOR 

Hydro 0 
Historical 
production 

Historical 
production 

Wind 
CHP 

0 
Historical 
production 

Historical 
production 

  
Then the proposed rule established that effective quota of any 
agent cannot be greater than 19% in valley or shoulder, or 
21% in peak hours. In other words, any capacity above this 
figure should be contracted. 
As discussed by the analysts themselves, specifics regarding 
load definition, thresholds and treatment of different 
technologies are subject to debate. However, in absence of 
quantitative simulation tools, any discussion on these matters 
runs into the risk of fuzzy and inconclusive outcomes.  
 
8. Conclusion 
 
Oligopolistic electricity market equilibrium models can not, at 
present, accurately predict market prices. However, they can 
play a role in regulatory studies, in order to suggest the 
required amount of possible pro-competitive measures in order 
to be effectives. In that regard, they can be considered as the 
counterpart, for the particularly complex electricity markets, or 
the concentration indexes traditionally used by anti-trust 
authorities.  
 
This paper has focused in a particular case: the use of such a 
model in the Spanish “White Paper”. It is noteworthy than the 
suggested measures (not effective share for any agent over 
20%) are not very far of the policy applied in other electricity 
markets, as the English one.  
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