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Abstract

As society develops, energy needs and the warnings of global warming have
become main areas of focus in many areas of human life. One such aspect, the
building sector, needs to take responsibility for a significant portion of energy
use. Researchers need to concentrate on applying innovative methods for
controlling the growth of energy use. Apart from improving energy efficiency
by reducing energy use and improving the match between energy supply and
demand, energy quality issues have become a key topic of interest. Energy
quality management (EQM) is a technique that aims to optimally utilize the
exergy content of various renewable energy sources. The evaluation of the
optimum energy systems for specific districts is an essential part of EQM.

The optimum energy system must follow the concept of “sustainability.”
In other words, the optimization process should select the most suitable
energy systems, which fulfill various sustainable requirements such as high
energy/exergy performance, low environmental impacts and economic
cost, as well as acceptable system reliability. A common approach to dealing
with complex criteria involves multi-objective optimization, whereby multi-
objective optimization is applied in the context of EQM of building clusters
and districts (BCDs). In the present thesis, a multi-objective optimization
process is proposed that applies a genetic algorithm (GA) to address non-linear
optimization problems. Subsequently, four case studies are used to analyze
how the multi-objective optimization process supports EQM of BCDs. Detailed
information about these cases is provided below:

1. Basic case (UK): This case is used to investigate the application possibility
of the approach in BCD energy system design and to analyze the optimal
scenario changes, along with variations of optimization objective combinations.
This approach is proven to be time-effective

2. Case 1 (Norway): The use of renewable energy sources can be highly
intermittent and dependent on local climatic conditions; therefore, energy
system reliability is a key parameter be considered for the renewable energy
systems. This section defines system reliability as a constraint function and
analyzes the system changes caused by the varying reliability constraints.
According to the case, system reliability has been proven to be one of the most
important objectives for the optimization of renewable energy systems.

3. Case 2 (China): In this section, the approach is applied in order to
search for the optimal hybrid system candidates for a net-zero exergy district
(NZEXD) in China. Economic analysis is included in this case study. Through
the optimization process, the proposed approach is proven to be flexible and
capable of evaluating distinct types of energy scenarios with different objective
functions. Moreover, the approach is able to solve practical issues, such as
identifying the most feasible options to the stepwise energy system transition
for a specific case.
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4. Case 3 (China): This section makes two major contributions. The first is
to test the expansibility of inserting additional objectives into the approach; a
parametric study is then applied to investigate the effects of different energy
parameters. The second contribution is the conclusion that the optimum
energy systems might vary significantly, depending on certain parameters.

According to the analyses in these case studies, the multi-objective
optimization approach is capable of being a tool for future BCDs’ energy
system design. It should also be noted that the findings from the case studies
– especially the parametric study – might provide some interesting research
topics for future work.

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-179063

