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Abstract of Thesis

With economic development and the improvement of people’s living standards, energy consumption is
continuously increasing in residential and office buildings. The public is very conscious of energy
savings and therefore it is necessary to use energy more effectively. Therefore, an effective building

energy management system (BEMS) is of vital importance for modern building operation.

To design and implement an intelligent BEMS, there are three major challenges that need to be
addressed. The first challenge is the modeling and parameter identification of the control target
which is the most time—consuming part in BEMS design. The optimal control of BEMS using model-based
control technologies is highly dependent on the “perfect” model or “perfect” estimation of
stochastic/nonlinear dynamics of the system. Although a great process has been made in modeling

building components. Until now, the systematic BEMS modeling methodology has not been established

The second challenge is the trade—off between energy savings of buildings and thermal comfort of
occupants. In building energy management, energy savings should not infringe on occupant welfare
therefore, it is necessary to use appropriate control strategies that maintain a certain level of
thermal comfort for occupants and minimize total energy consumption at the same time. Even though
several studies proposed the BEMS that integrate energy savings and thermal comfort, such system have

not been validated in real-world to verify its effectiveness.

The third challenge is the privacy issues in the collection of occupancy data. The occupancy
information which are significant factors for building operation and energy savings strategies. The
collection of this information raises obvious privacy concerns. Therefore, designers must consider the

privacy factor when designing occupancy—driven BEMS.

This dissertation proposes a smart, comfort and privacy—aware design methodology in building energy
management system by addressing the above three challenges. For the first modeling challenge, this
dissertation proposes two novel models and practical parameter identification methods to improve the
accuracy of the model and simplify the modeling process. For the second trade—off challenge, this
dissertation proposes a very attractive framework for optimizing a cost function subject to energy
consumption and thermal comfort constraints over a prediction horizon. This framework offers the
advantage of controlling HVAC systems and addresses the trade—off between cost and comfort.
Additionally, the proposed framework also addressed the power peak caused by concentrated HVAC
operations. For the third privacy challenge, this dissertation proposes a low—cost privacy concerning
occupancy estimation system based on the BLE beacon. Compared to other occupancy estimation methods
the proposed method achieves relatively high accuracy in occupancy detection without violating the
privacy of the occupants. In addition, the proposed framework and occupancy estimation system are

experimentally studied under real-world conditions.
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