I %}? ™
Ya O aY . .
V&A% Politecnico

/

y ONELA W ge :

\{I\IIII . 1859 III‘I‘IéI dl Torlno Scuola di Dottorato - Doctoral School
S WHAT YOU ARE, TAKES YOU FAR

Doctoral Dissertation

Doctoral Program in Computer and Control Engineering (35 cycle)

Study and Implementation of
Compact Modeling Techniques for
the Energy Analysis and
Optimization of Complex Systems

By

Alberto Bocca

sk sk skosk

Supervisor(s):
Prof. Enrico Macii, Supervisor
Prof. Alberto Macii, Co-Supervisor

Doctoral Examination Committee:

Prof. Luca Benini, Referee, ETH Ziirich, Swiss, and Universita di Bologna, Italy
Prof. Mircea R. Stan, Referee, University of Virginia, USA

Prof. Andrea Calimera, Politecnico di Torino, Italy

Prof. Emanuele Lattanzi, Universita degli Studi di Urbino, Italy

Prof. Graziano Pravadelli, Universita degli Studi di Verona, Italy

Politecnico di Torino
2023



Declaration

I hereby declare that, the contents and organization of this dissertation constitute my
own original work and does not compromise in any way the rights of third parties,

including those relating to the security of personal data.

Alberto Bocca
2023

* This dissertation is presented in partial fulfillment of the requirements for Ph.D.
degree in the Graduate School of Politecnico di Torino (ScuDo).



Study and Implementation of Compact Modeling
Techniques for the Energy Analysis and Optimization

of Complex Systems

Alberto Bocca

In an increasingly rich world of complex systems (e.g., in physics, biology, eco-
nomics, and social sciences), the general trend is to analyze and predict certain
phenomena using accurate models (e.g., neural networks) that are also complex. For
this reason, apart from the basic structure, such models are neither easy to build nor
to understand in all details, as they often require many functions and a large number
of coefficients, mathematically speaking, even significant computational resources.
Instead, this work attempts to restore simplicity by defining compact models that are
easy to use, considering energy as the application area of this research. In particular,
the models described in this document concern battery consumption, efficiency in

the use of a network of electric vehicle charging stations, and solar energy analysis.

Regardless of whether the initial modeling approach is purely mathematical or
programming-based, the real goal is always to obtain simple analytical expressions
that can satisfactorily describe the characteristics of the processes and systems under
test. Although it cannot be assumed that there is a compact model or a general
solution for every complex system, the research results confirm that in several cases
it is possible to create compact models that are more practical to use. In this way, a
larger number of people can access the basic analysis of the available data in a given
scenario. The creation and sharing of such models allow a better understanding of
the phenomena under consideration, in particular the identification of the parameters
that most influence the overall behavior of a given system and the degree of their

correlation with it.

Before describing the applications, general guidance is given on the compact
modeling method used here. Then, the accuracy of the proposed models is analyzed
by comparing the results with those obtained with more sophisticated methods and

tools or directly with experimental data.



