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Abstract

The aim of this thesis is to develop a holistic approach to the optimal design
of energy systems for building clusters or districts. The emerging Albano
university campus, which is planned to be a vivid example of sustainable urban
development, is used as a case study through collaboration with the property
owners, Akademiska Hus and Svenska Bostäder. The design addresses aspects
of energy performance, environmental performance, economic performance,
and exergy performance of the energy system. A multi-objective optimization
approach is applied to minimize objectives such as non-renewable primary
energy consumptions, the greenhouse gas emissions, the life cycle cost, and
the net exergy deficit. These objectives reflect both practical requirements
and research interest. The optimization results are presented in the form of
Pareto fronts, through which decision-makers can understand the options
and limitations more clearly and ultimately make better and more informed
decisions. Sensitivity analyses show that solutions could be sensitive to certain
system parameters. To overcome this, a robust design optimization method
is also developed and employed to find robust optimal solutions, which are
less sensitive to the variation of system parameters. The influence of different
preferences for objectives on the selection of optimal solutions is examined.
Energy components of the selected solutions under different preference
scenarios are analyzed, which illustrates the advantages and disadvantages
of certain energy conversion technologies in the pursuit of various objectives.
As optimal solutions depend on the system parameters, a parametric analysis
is also conducted to investigate how the composition of optimal solutions
varies to the changes of certain parameters. In virtue of the Rational Exergy
Management Model (REMM), the planned buildings on the Albano campus are
further compared to the existing buildings on KTH campus, based on energy
and exergy analysis. Four proposed alternative energy supply scenarios as well
as the present case are analyzed. REMM shows that the proposed scenarios
have better levels of match between supply and demand of exergy and result in
lower avoidable CO2 emissions, which promise cleaner energy structures.
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