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Introduction
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Electricity 
power systems 
play a key role 
in the society 

economy High 
frequency, 

volatility, and 
seasonality are 

price data 
features

These features 
make the 

forecasting 
process hard

Ensemble 
learning 

models can be 
adopted to 
deal with it

Beyond that, 
hybrid 

ensemble 
heterogeneous 

models are 
effective tools 
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Objective

Proposes a hybrid heterogeneous 
ensemble learning model to 

forecasting Brazilian electricity prices 
multi-step-ahead (one, two, and 

three-months-ahead).

Hybrid approach is composed by
Complementary Ensemble Empirical

Mode Decomposition (CEEMD), Coyote
Optimization Algorithm (COA), and

heterogeneous ensemble of components



Proposition of a self-adaptive
decomposition approach for
electricity price forecasting
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The first use of the combination
of CEEMD and COA approaches.

Evaluation of decomposed homogeneous
and heterogeneous ensemble learning
models for electricity price forecasting.

Contributions



Datasets - Brazilian Electricity energy price
(R$/MWh)
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Methodology

Flowchart of proposed framework
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• Pre-process: CEEMD
• Optimization: COA
• Heterogeneous models:

• ELM (Extreme Learning Machine)
• GP (Gaussian Process)
• GBM (Gradient Boosting Machine)
• RVM (Relevance Vector Machine)

• Performance measures and statistical test



Decomposed Data
CommercialCase Residential Case
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Results – Experiment 1
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Results – Experiment 2
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Results – Diebold-Mariano test
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Results – Predicted versus Observed 
electricity prices

Commercial case Residential Case
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Hybrid multi-stage heterogeneous ensemble model was 
proposed to forecast multi-step-ahead (one, two, and 

three-months-ahead) Brazilian commercial and 
residential electric energy prices. 

(i) The political, climatic and demand factors were not 
taken into account in the data analysis; (ii) The proposed 

model was not able to capture the variability of an 
extreme observation for the set of data referring to the 

price of residential electricity; and (iii) The parameters of 
COA optimizer were selected by trial and error.

•Conclusion



14

13/16

Heterogeneous ensemble 
achieved better forecasting 

accuracy than homogeneous 
ensembles

COA-CEEMD heterogeneous 
models is better than non-

decomposed models regarding 
forecasting accuracy

•Conclusion
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