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Context and Data
The dataset contains 4 years of
electrical consumption, generation,
pricing, and weather data for Spain.
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Composition of sources



39.4% 42.1% 53.1%

60.6% 57.9% 46.9%

Electricity production in 2023Electricity production in 2015 Electricity production in 2018

Renewable Non-Renewable

Renewable vs Non-Renewable
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Dispatchable vs non-dispatchable energy
Public net electricity generation in Spain in 2024

Original data ENTSO-E











Monthly Statistical Analysis

Mean percentage of
demand of energy

Standard deviation of
demand of energy

Data grouped by month 





Key Results

4,4%
Lowest standard deviation

from Nuclear in June

11%
Highest standard deviation

from Fossil in June

June vs December



Key Results

4,4%
Lowest standard deviation

from Solar in December

12%
Highest standard deviation

from Wind in June

June vs December



Analysis of the 
electricity price











Model Hourly
Electricity Price



Linear model 





Realized prices vs seasonality
component



Deseasonalized component 



R A DI

Realized prices
vs seasonality
component:
weekly view  



Main idea: 
Stepping stone for modelling

Important assumption:
Persistence in time

Modelling the de-seasonalized prices:

Autoregressive process with one lag [AR(1)]



Model fit
output in
Python:

if |ϕ| < 1
 process is

stationary !



Checking the residuals:

Volatility clusters spotted



 Residuals do not have an identical distribution
 Variance is not constant (Heteroskedasticity)

 AR(1) is not an optimal model

Two-Sample Kolmogorov-Smirnov Test

Checking the
residuals:

But how do we account 
for heteroskedasticity?



Residuals not identically distributed
Use GARCH to model volatility clusters
Model composition:

GARCH(1,2)-Model for volatility



Parameter Value p-value

omega  0.0412  1.072e-03

alpha_1 0.0379 1.437e-12

beta_1 0.2177 1.300e-07

beta_2 0.7392 3.650e-70

Our fitted
values 
show 
persistence

Process is stationary





Test shows: 
Our model still needs improvement

Kolmogorov-Smirnov 2 sample test:
Normalised residuals are now
identically distributed!

BUT: Not normally distributed!
 

While the volatility was improved, the residuals don’t fit the model yet!

Let’s take a look at the residuals and our assumptions
 



Gaussian Mixture Distribution

Let’s consider a Gaussian mixture model for the GARCH
normalized residuals, i.e. 

where                             , while       and       are standard normal.
All are assumed to be independent.

Our goal is now to find the optimal parameters combination for
this distribution in order to better explain the GARCH residuals.



Why Gaussian Mixture?

Flexibility Non normality
of residuals

Capturing different
volatility regimes

Improved risk
assessment



Key results for yearly
parameters fitting 

 If B takes the extreme values, i.e. 1 or 0: 

High volatility vs. Low volatility periods 
Positive shocks vs. Negative shocks 
Normal market vs. Abnormal market



Yearly
 Gaussian
Mixture vs
Empirical

monthly
densities



Fitting for monthly parameters 



Monthly
Gaussian
Mixture 
vs 
Monthly
Empirical
Densities



Simulating Price Processes



Simulated Price Processes



Solar

Wind

Fossil

Nuclear

Other
Renewables

Data from energy-charts.info 



Realized
prices vs

seasonality
component

Data from energy-charts.info 



Correlation
Renewables

and Prices
Data from energy-charts.info 



Future developments

Price Models with NWP
Asian Quanto option for solar
producers: 

For an hydro producer:



Thank you for
your attention!
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