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ABSTRACT

This research focusses on the optimal design of novel building integrated thermo-

electric (BiTE) energy systems. Building integrated thermoelectric energy systems

describe building components that incorporate and use thermoelectric (TE) tech-

nology – they can supply or remove heat from an environment given an electrical

power input. By virtue of their thermoelectric nature, BiTEs also possess the abil-

ity to generate electrical power if exposed to a large heat flux. In this research,

we focus on the design of BiTEs for thermal management of building enclosures.

We explore the optimal performance of BiTEs at maximum heating and cooling

capacity, and at maximum coefficient of performance (COP). We develop models

based on heat transfer, thermoelectric, and design optimization principles that can

be used in the analysis of BiTEs. We also present the detailed analytical approaches

that were used in evaluating the effectiveness and efficiency of these systems. We

perform parametric studies to identify sensitive variables, and incorporate these in

the design optimization process. Specifically, we explore in detail the optimal design

of the TE units in the BiTE and the optimal design of their heat sink. The models

developed in this research were applied to the design of a specific BiTE – the TE

window; results of which are presented. We present a cost analysis of the TE win-

dow to establish its potential as a commercially, environmentally, and economically

viable product. In light of the theoretical nature of this work, the results obtained

have powerful implications – if designed correctly, BiTEs can be used to manage the

thermal comfort of building enclosures, and do so in many cases, more economically

than conventional heating ventilation and air conditioning (HVAC) systems.
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