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Collaboration with other projects
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Main purpose

• Development and applications of mathematical tools 
from optimization and statistics.  
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Portfolio Models

Forecasting Models
PAST

FUTURE

RESOURCES RISK ASSETS



Portfolio models
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Consolidated approach in finance theory
Consider trade-off risk/return
Portfolios on the efficient frontier are Pareto optimal
The investor chooses a portfolio according to her/his risk

aversion

Portfolio Theory

Eficient frontier
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The investor problem 
is a constrained optimization 
problem
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Wind

hydropower
plants

Biomass

Natural Gas

nuclear plants

Oil

Coal

Important application: Electricity Planning

7

Technologies

Aneel, 2017Solutions

Risk: uncertainty in costs
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• Traditional approach:
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Portfolio mix
Covariance matrix

Constraints

Expected Costs
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Important application: Electricity Planning

Challenge:

The consideration of the uncertainties associated with the future costs of
technologies is crucial for planning purposes.
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Alternative approaches

Robust optimization Bayesian optimization

Parameters inside an uncertainty set  
Parameters are random variables
with known probability distribution
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Results: Robust Portfolio (Electricity)
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Collaboration with Project 24
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Results: Robust Portfolio (Electricity)
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Alternative uncertainty sets2024 Decennial Plan 
for Energy Expansion 
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Results: Robust Portfolio (Electricity)
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Considering CO2 costs
Box uncertainty

Nominal data Nominal data

Robust model
Ellipsoidal uncertainty
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Results: Robust Portfolio (Biogas and
bioelectricity)

13



RESEARCH CENTRE FOR GAS INNOVATION

Results: Robust Portfolio (Biogas and
bioelectricity)

• Analysis of the economic impacts of biogas insertion 
in the product mix of sugarcane mills (ethanol, sugar, 
and electricity). 

• A portfolio model was developed respecting all 
operational constraints  (CVaR is the risk measure ). 

• Uncertainties in the market prices 

• Use of robust optimization techniques to mitigate the 
consequences of such price variations.
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Product portfolio- sugarcane industry
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Results: Robust Portfolio (Biogas and
bioelectricity)

Sugarcane industry: uncertainty on prices
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Sugar price Ethanol price

Electricity price Diesel price
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Results: Robust Portfolio (Biogas and
bioelectricity)

Efficient Frontiers and Portfolios
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Results: Bayesian Portfolio (Electricity)
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Results: Bayesian Portfolio (Electricity)

• The application of the approach was analyzed using 
improper and proper priors
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T is the  number of 
historical observations

The investor has no information 
about the distribution of 
parameters

Improper priors
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Results: Bayesian Portfolio (Electricity)

• The application of the approach was analyzed using 
improper and proper priors
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Tau represents the confidence
strength the specialist places
on the value of expected costs

Proper priors

Specialists have informative beliefs
about the mean and covariance
of technology costs.

expected costs based on 
the specialist experience
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Forecasting models

PAST

FUTURE
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Challenge:

The analysis of energy demand through statistical models

21

Alternative approaches

Use and analysis of
econometric models

Improvement of
econometric models

Use of hybrid models

Electricity Crisis

Price Elasticity

Short time series Gas for light vehicles
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Results:  Analysis of Brazilian Electricity Crisis
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Results:  Analysis of Brazilian Electricity Crisis

•
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Historically hydropower 
accounts for more than 80% 
of power generation in Brazil

The lack of water in the reservoirs 
leads to serious crisis (e.g 2013-2015)

Why???
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Results:  Analysis of Brazilian Electricity Crisis

• Thermoelectric dispatch
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2013

• divergence between the planning and execution 
of the expansion of power generation and transmission, 

• the weakness of the NEWAVE dispatch software used 
by the government 

• the below-average hydrology in 2014 and 2015. 

Hypothesis regarding the causes 

Linear regression models were developed to  
forecast the electricity demand.

Specialists forecast of the hydroelectricity supply 
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Results:  Analysis of Brazilian Electricity Crisis

Demand forecast through linear models

(including seasonality, trend and dummies to represente the effect of crisis)  
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Results:  Analysis of Brazilian Electricity Crisis
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Newave
model

Demand forecast
Linear models

Supply scenarios
(specialists) 

NG demand for
thermoelectricity
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Next steps (papers submitted)
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Improvement of
econometric models

Use of robust optimization in 
parameter estimation for linear models

Use of hybrid models
(econometric + Neural Networks) to
GNV forecasting

Use of hybrid models
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Next steps (being studied) 
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Intentional sampling
techniques

Apply Haphazard Intentional Sampling techniques to 
rationally re-engineer networks of measurement stations 
for atmospheric pollution and/or gas emissions

Hybrid and conventional
vehicles for 

distribution in urban centers

With
Project 29

Pre-salt Natural Gas for 
electricity generation

evaluate economic aspects of the generation of electricity 
from the natural gas from the Pre-salt, 
gas to wires versus Floating Liquefied Natural Gas (FLNG)  
technology for onshore generation
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