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Summary

Rapidly increasing usage of fossil fuels in last decades has caused serious problems for the
worldwide energy system. In line with the efforts to address these challenges, the research
reported in this thesis studies approaches that can be used to understand, simulate and influ-
ence the energy system. More specifically, the research presented in this thesis investigates
several aspects of using computational techniques for achieving a more sustainable energy
system in the residential sector.

First, it is shown how more efficient devices can be used more smartly for heating
purposes to minimize the dependency on fossil fuels. The fact that most of the energy
consumption in houses is used for heating purposes (water and space heating), highlights the
importance of such studies.

Next, this thesis shows the ways to produce more energy through PV systems in houses.
For optimal production, the positioning of PV panels is an important issue. In this thesis, it is
studied how computational models can be used for prior analysis of PV systems to choose
the best location and orientation to install.

Third, a data analysis approach is proposed to estimate the thermal characteristics of
a house. This approach is based on the data collected via sensors or thermostats, and its
estimations would be useful to have a more accurate thermodynamic model of the house.
Moreover, it could be used to prevent or minimize energy waste in houses.

Last but not least, the role that computational modeling and simulations could play to
support people to change their time of usage is discussed. Load balancing is an important
topic in energy systems, and shifting the time of usage would be a big help to achieve this
condition with minimum cost.

To sum it up, this dissertation presents research aimed at investigating the roles that
computational models can play to reduce the use of fossil fuels in the residential energy
sector. More specifically, different types of modeling techniques have been explored to
provide contributions to energy saving, more efficient applications of renewable energy
sources and increasing the awareness of people about their energy usage and its costs.


