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Abstract.   Spain is at the forefront of renewable energy 
worldwide with a great integration level in its generation 
mix. This has put Spain in the situation that other coun-
tries that support renewable energy will be in a short-me-
dium term. However active measures to support renewa-
ble energy have been losing strength in recent times seek-
ing to reduce the deficit. On the one hand, the bonus for 
each technology is different and, on the other hand, their 
integration level in the mix, and thus its influence on the 
Pool, is uneven. This work aims to provide information 
and conclusions about the actual economic impact of 
each renewable technology on the pool and the electricity 
tariff for the Spanish case. For doing so, simulation and 
artificial intelligence techniques are applied in order to 
model the energy pool and simulate the electricity prices 
in five fictitious scenarios that suppress out of the gener-
ation mix, respectively, wind, photovoltaic, biomass, small 
hydraulic, and solar thermal. This way, based on the sim-
ulation, and ex-post analysis can be developed in order to 
obtain conclusions and knowledge, useful for other coun-
tries as well as for future decision making in the Spanish 
power system. 

Introduction 
Spain is at the forefront of renewable energies worldwide, 
with a great integration level of them in its generation mix.  
This has put Spain in the situation which the other coun-
tries supporting renewable energies will be in a short-me-
dium term. However active policies to support renewable 
energy have been losing strength in recent times, seeking 

to reduce the deficit. This fact, coupled with the significant 
rising experienced by the electricity bill lately, have made 
ordinary people and society in general to belief that renew-
ables technologies are expensive for the system and con-
stitute the main cause for that rising.  

It is true that renewable generation technologies have 
not been, up to date, competitive enough to challenge the 
traditional thermoelectric power plants, which has made 
them earn bonuses from generation. But renewables have 
in turn benefits for the system as their ranking preference 
in the energy auction gets the most expensive technolo-
gies out of the pool, lowering thus the electricity prices. 
That works in practice in a very uneven way depending 
on the type of renewable energy. This happens because, 
on the one hand, the bonus for each technology is differ-
ent and, on the other hand, their integration level in the 
mix, and thus its influence on the pool, is disparate.  

This paper presents a global view of the effects of dif-
ferent renewable energy sources on the electricity pool 
[1] combining and complementing the analysis of the ef-
fects of five renewable sources: wind, photovoltaic, bio-
mass, small hydraulic, and solar thermal.  The ex-post 
economic analysis of photovoltaic power in the Spanish 
grid was analysed in [2] by modelling alternative scenar-
ios. The analysis of wind power merit-order and feed-in-
tariffs effect by a variability analysis of the Spanish elec-
tricity market was developed in [3], while [4] compared 
the influence of photovoltaic and wind power on the 
Spanish electricity prices by means of artificial intelli-
gence techniques and [5] did a similar comparison of bi-
omass, solar-thermal and small hydraulic power. Finally 
[6] presented the economical-environmental impact anal-
ysis of subsidised renewable energy sources for electric-
ity (RES-E) in the Spanish system. Other works have 
continued with this analysis of the renewable energy pol-
icy, the impact of wind generation on the spot market 
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electricity pricing, and the support policies and merit or-
der effect, such as [7-9]. 

In this work artificial intelligence techniques (algo-
rithm M5P) are applied in order to model the energy pool 
cassation process. Once, the model has been created, it is 
time to simulate the new electricity price in five fictional 
scenarios that suppress wind, photovoltaic, biomass, 
small hydraulic, and solar thermal, respectively, out of 
the generation mix. Taking into account the price reduc-
tion produced for renewables as well as the bonus re-
ceived, it is determined, for each renewable technology, 
whether it is beneficial or in deficit for the system. To go 
a step further and extrapolate the influence of renewable 
energies over the pool to the tariff or charges to be paid 
by the final consumer, the low voltage most common tar-
iff, known as TUR, is recalculated for the above-men-
tioned scenarios. From this study it will be concluded 
that, with the analysed Spanish renewable policy, wind, 
biomass and small hydraulic power were beneficial while 
the photovoltaic and solar thermal technologies were 
economically deficient for the system, as well as for the 
electricity tariff. 

1 Methodology and Scope 
The main objectives of this work are: 
• Apply artificial intelligence techniques (M5P al-

gorithm - tree model) for the simulation of the electricity 
matching process in the Pool which have proved really 
accurate. 

• Determine the economic influence of the main 
renewable technologies (wind, solar, biomass, small hy-
draulic and solar thermal) on the price reduction in the 
Spanish Pool. 

• Taking into account the price reduction pro-
duced for renewables as well as the bonus received, de-
termine for each renewable technology, whether it is ben-
eficial or in deficit for the system. 

That is, we want to determine, using an ex-post anal-
ysis, the economic influence of the major renewable tech-
nologies eligible for bonus (wind, photovoltaic, biomass, 
small hydraulic and solar thermal) on the Spanish elec-
tricity grid.  

For doing so, five fictional scenarios, which suppress 
the Spanish generation mix each of the aforementioned 
technologies respectively have been created: 

• SCENARIO A: Real generation mix excluding gen-
eration from wind technology. 

• SCENARIO B: Real generation mix excluding the 

generation from photo-voltaic technology. 
• SCENARIO C: Real generation mix, excluding gen-

eration from biomass. 
• SCENARIO D: Real generation mix, excluding gen-

eration from thermoelectric solar technology. 
• SCENARIO E: Real generation mix, excluding gen-

eration from small-hydraulic technology. 
The balance in the system is restored in the model by 

filling the gap of renewable generation in each scenario 
by combined cycle and coal thermal power plants, being 
the only ones capable of acting as back-up power plants. 
The establishment of the new equilibrium in the system 
will provide a new pool price lower than the original (real 
mix with all technologies). 

2 Simulation Model 
Once the scenarios have been defined, it is necessary to 
generate a model that simulates the matching of the price 
of energy, thus determining the inversely proportional re-
lationship between the % of integration of renewables in 
the Pool and the price of the resulting energy [2-6]. 

In order to reduce the dispersion resulting from the 
dispersion chart of the pool's price and the level of inte-
gration in the renewable mix, it is imperative to carry out 
a multivariate analysis that takes into account parameters 
such as generation by technology, capacity available by 
technology ..., and that in turn throw light on such dis-
persion of points. 

Several prediction algorithms have been tested using 
WEKA in order to determine its accuracy to predicting 
the final price of energy in the Pool, based on the attrib-
utes. Several ones have presented a similar adjustment 
and correlation factor with respect to the database (M5P, 
Metabagging Reptree, M5rules, and IBK lazy) [1]. The 
M5P algorithm has been chosen, which allows us to ob-
tain hidden knowledge of the matching process thanks to 
the graphic visualization of the model tree.  

Once a model that represents the Spanish electric 
Pool with sufficient precision is determined, the new re-
sulting price is simulated in each scenario. 

Taking into account that the bonus produces an in-
crease in the cost of electricity tariff and their preference 
order in the electricity auction produces a drop in the en-
ergy prices matching in the Pool, it is considered that if 
the two factors are eliminated, the influence of each re-
newable technology on the system and the electricity tar-
iff is determined.  
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Figure 1. Model tree combining 2 different representation 

formats [4,5]. 

 
Figure 3. Final hourly prices obtained by the model for the 
           real scenario vs. a scenario without wind generation. 

The training database contains the schedule data of the 
variables shown in the previous point between January 1, 
and December 31, 2012 (the year selected for the ex-post 
analysis of this work). The calculations have been made 
by applying the cross-validation technique with an im-
provement of the holdout method. 

 
Figure 4. Final hourly prices obtained by the model for the 

real scenario vs. a scenario without photovoltaic 
generation. 

 

 
Figure 5. Final hourly prices obtained by the model for the  
       real scenario vs. a scenario without biomass generation. 

Once the model is trained, we have a model tree (Figure 1) 
that returns the MWh price based on the input variables 
used, and we will be able therefore to use it to determine 
the new pool price resulting in the five scenarios fictitious. 
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Figure 2. a) (upper graph) comparison between the final hourly price of real cassation (blue) and that obtained by the M5P 

prunned model (red), b) Comparison for each day of the final price obtained by the model for the scenario with 
all the technologies (red), scenario A without generation wind (blue) and B, without photovoltaic generation 
(green);  c) comparison now with scenario C, without generation by biomass (blue), scenario D, without solar 

thermal generation (green) and scenario E, without small-hydraulic generation (violet).  
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Figure 6. Final hourly prices obtained by the model for the real  
          scenario vs. a scenario without solar thermal generation. 

3 Simulation Results: Economic 
Influence of Renewable 
Technologies  

Figure 2 represents the comparative [1] between the real 
case and the one obtained from the M5P algorithm (upper 
graph) and compares the hourly price of the electric 
power obtained by the model for the real case vs. the 
price obtained by the model for each of the scenarios for 
every day of a semester (wind and photovoltaic in the in-
termediate graph, and biomass, solar thermal and small 
hydraulic in the lower graph). 
The results shown for a day are represented in figures 3 
to 7, which show that the scenarios without wind and 
photovoltaic generation return higher Pool matching 
prices. In relation to wind energy, the biggest difference 
is produced at night because demand decreases and wind 
generation remains relatively constant, which means that 
there is virtually no remaining generation to be covered 
by thermal power plants.  

 
Figure 7. Final hourly prices obtained by the model for 

the real scenario vs. a scenario without small hy-
draulic generation. 

With regard to photovoltaic energy, the generation curve 
during the day can be clearly observed, obtaining a max-
imum around 14:00 (12:00 in solar time in summer time) 
coinciding with the highest solar radiation over the coun-
try. The scenarios without electricity generation through 
biomass, solar thermoelectric or small hydraulic return 
higher Pool matching prices, which confirms again that 
the preference of order in the auction of the premium re-
newables generates a decrease in the final price of the 
auctioned energy. Figure 8 represents the decrease in the 
price of the energy produced by each technology individ-
ually for the day type. 

4 Conclusions 
Below are shown the main contributions made 

throughout this work as well as the results thereof. 
i) The application of artificial intelligence tech-

niques (Algorithm MP5 – model generation trees) to sim-
ulate the process of price cassation in the Pool, based on 

the levels of integration of each 
technology in the generation mix, 
have stated that:   
• Wind power received bonuses 
for €2037 million, which caused a 
reduction of the average weighed 
price in the Pool of 9.10 €/MWh, 
generating as a whole a net saving 
for the grid of €364.0 million. 
• Photovoltaic energy received bo-
nuses of €2610.7 million, causing 
a reduction of the average weighed 
price in the Pool of 2.18 €/MWh, 
generating as a whole a net cost for 
the system of €2034.1 million. 
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Figure 8. Decrease in the price of the energy produced by each technology per 
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• The biomass for power generation received bonuses 

of € 344.0 million, causing a reduction of the average 
weighed price in the Pool of 1.48 €/MWh, generating as 
a whole a net saving to the system of €50.7 million. 

• Thermo-electric solar energy received bonuses of 
€926.9 million, causing a reduction of the average 
weighed price in the Pool of 1.05 €/MWh, generating as 
a whole a net cost for the system of € 648.2 million. 

• Energy from small-hydraulic power plants received 
bonuses of €184.1 million, causing a reduction of the aver-
age weighed price in the Pool of 1.45 €/MWh, generating as 
a whole a net saving for the system of €200.6 million. 

ii) Going a step further and extrapolate the influence 
of renewable energies over the Pool to the tariff or 
charges to be paid by the final consumer in the year 2012, 
thus backing up the lack of related scientific literature up 
this moment, it has been concluded that: 

• The wind power from the generation mix would 
have meant an extra cost for the average consumer in the 
TUR (Tariff of Last Resource) of € 1.95 in the electricity 
bill. That is, wind power caused a 0.28% drop in the Tar-
iff of Last Resource. 

• To exclude photovoltaic energy from the generation 
mix would have meant a saving for the average consumer 
in the TUR of € 38.82 in the electricity bill. That is, pho-
tovoltaic energy caused a 5.95% increase in the Tariff of 
Last Resource. 

• To exclude biomass from the generation mix would 
have meant a cost for the average consumer in the TUR 
of € 0.12 in the electricity bill. That is, biomass caused a 
0.02% drop in the Tariff of Last Resource. 

• To exclude solar thermo-electrical energy form the 
generation mix, would have meant a saving for the aver-
age consumer in the TUR of € 12.39 in the electricity bill. 
That is, solar thermo-electric energy caused a 1.82% in-
crease in the Tariff of Last Resource. 

• To exclude the energy from small-hydraulic power 
plants from the generation mix would have meant an ex-
tra cost for the average consumer in the TUR of €3.01 in 
the electricity bill for the year 2012. That is, small-hy-
draulic energy caused a 0.43% drop in the Tariff of Last 
Resource. 

iii) A sensitivity analysis allows a further knowledge 
of the effects of renewables depending on the actual pen-
etration of the renewable source. For this purpose, 111 
scenarios have been analysed, ranging from zero penetra-
tion in the grid to a 110% of the real wind power genera-
tion of the year 2012. The conclusions are: 

• Energy generation by means of wind power technol-
ogy would have been profitable to the grid as long as  the 
generation level had been equal or higher than the of the 
83% of the real generation. 

• The worst wind power generation level, in economic 
terms, coincides with the 55% of the real generation. Un-
der this scenario, the total cost overrun caused by wind 
power to the grid would have been of €175.3 million. 

• The optimal wind power generation level, in eco-
nomic terms, coincides with the 110% of the real gener-
ation. Under this scenario, the total saving produced by 
wind power over the system would have been of € 643.1 
million. 

• Finally, and according to the variability of the wind 
map, if the year 2012 had been less windy, with a wind 
power generation of 90%, the energy price reduction would 
have been of 7.42 €/MWh. On the contrary, if the year 2012 
had been windier, with a generation of 110%, the energy 
price reduction would have been of 10.94 €/MWh. 

5 Listings and Code 
The code used in this work, in concrete the tree model 
M5P and the VBA code for the sensitivity analysis of 
wind energy on the system, can be found on the Annex 
section of [1], which includes “Model tree – algorithm 
M5P”, “VBA code for sensitivity analysis of wind power 
on the system”. 
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