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The Significance of Hydropower Generation 
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Source: Iberdrola. https://www.iberdrola.com/about-us/what-we-do/hydroelectric-power



Challenges in Modeling Hydropower Generation 
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• Natural water inflows uncertainty

• Minimum and maximum power and reservoir levels

• Minimum number of units on line

• Upward and downward ramping rates

• Reservoir level restrictions

• Total release volume

ENVIRONMENTAL CONSTRAINTS

OPERATIONAL CONSTRAINTS

REGULATORY CONSTRAINTS

And if we want to conduct a planning study, considering the model configured in openTEPES, how can we 
incorporate these features?

REAL LIFE MATHEMATICAL MODEL
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Our first approximation: Regression models
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Modeling dynamic minimum and maximum power and dynamic upward and downward 
ramping rates as a function of other variables

What do we have? What do we expect?

Programming units

UGH* production. P48Cierre

* UGH: “Unidad de gestión hidráulica” (Hydro management unit)

Wind and solar production

Demand

State of basins
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𝑃𝑚𝑖𝑛 = 𝑓(… ) 

𝑑𝑃

𝑑𝑡
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Endogenous model

Exogenous model

Linear model

Linear or more 
complex model



Model training and validation
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Predictor variables

Producible

Wind / Demand

* UGH: “Unidad de gestión hidráulica” (Hydro management unit)

Solar / Demand

Reserve Level

Number of week
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Linear model Linear or more complex model

Lags of production 

Data set
Production: 2011 – 2019 hourly

Producible: 1991 – 2023 monthly
Wind, solar, and demand: 2012 – 2020 monthly

Water reserve level: 1988 – 2023 weekly
Training set: 70%

Test set: 30%

• OLS
• Bayesian linear regression 

(OLS with Lasso) 

• Neural networks (MLP)
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Minimum and maximum power
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What production value should we choose to model the minimum and maximum in an operational context?

Procedure (duration curve): 

1. The production will be clustered into 15 groups
2. Plot the empirical probability distribution for each centroid
3. Select the first and last clusters as Pmax and Pmin, 

respectively

DUER:
Pmax = quantil 99
Pmin = quantil 15



Linear regression analysis 
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Exogenous model
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Linear model

• R2 Training set: 0.73
• R2 Test set: 0.75

Significant variables:
• Producible
• Solar/demand
• Lag 1
• Lag 2

Wind/demand (p-value > 0.05)

Bayesian linear model (Lasso)
• R2 Training set: 0.709
• R2 Test set: 0.742

Neural Networks (MLP)
• R2 Training set: 0.845
• R2 Test set: 0.672



Model interpretation and insights 
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Lasso (Dynamic)Different models
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Conclusions
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• Modeling the time-dependent maximum and minimum power, as well as the 
ramp-up and ramp-down rates, is a first approximation to capture many of the 
constraints of hydropower

• The duration curve is a useful tool to determine the percentile associated with 
the minimum and maximum values of a variable

• Linear models adequately represent the objective of this study

• How to improve the prediction of models that considers temporal correlation?



Thank you

Jesús David Gómez Pérez

jdgomez@comillas.edu
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