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Abstract of Thesis

Building stock energy modelling (BSEM) has gained a lot of attention recently with the development of a range of
methodologies due to its multi-dimensional capabilities and the potential to incorporate various decarbonization
strategies and climate mitigation scenarios. With the advancement of data-driven techniques, BSEMs involve a
higher degree of complexity with varying model structure and output that requires comprehensive reporting
guidelines to improve the interpretation and consistency of these models. In BSEM, several bottom-up
methodologies have been developed to assess the energy demand and emission reduction potential of the stock
but, often have transitional limitations either to shift from aggregated to disaggregated stock boundary conditions
or involve a differentiated description of practices and policies across a range of scales and sectors. This thesis
aims to advance the methodological capability of BSEM in terms of data coherence, scalability and coordination,
which can provide transparency and capture value with the least cost and effort. Based on the above background,
the key data acquisition techniques of BSEM are assessed to assist in the selection of the BSEM approach
depending on the data availability and quality, and then, a novel bottom-up BSEM approach is developed to
incorporate scalability and integration of multiple building-oriented elements within the model. Moreover, to
exhibit the model applicability and integration of the developed model, a bottom-up BSEM approach is coupled
with a physical approach of building integrated photovoltaics (BIPV) potential estimation to assess the carbon
neutrality of commercial building stock at scale. The thesis is comprised of six chapters whose summary is
explained as follows:

Chapter 1 provides a comprehensive overview of transitional strategies and measures to decarbonize the
commercial building stock. After this, a quadrant-based classification of BSEM is outlined and further review of
methods related to carbon neutrality assessment and BIPV estimation are discussed.

In Chapter 2, key data acquisition techniques of BSEM and their use cases are identified and then, illustrated the
development process of three major BSEM approaches. The crossover framework was further developed to assess
the accuracy and added value of quality and quantity of data on the model performance of commercial BSEM.

In Chapter 3, an automated dynamic building simulation framework using a GIS-synthetic hybrid model is
developed to integrate spatial and synthetic modelling approaches for facilitating the concurrent consideration of
multiple building-oriented elements at multiple scales.

In Chapter 4, a multi-model framework of the BSEM-BIPV coupled scheme is developed to illustrate the process
of model coupling for the assessment of carbon-neutral building stock, which can involve a higher degree of

coordination to adequately manage the modelling functionality and integration, resolution and data coherence.

Chapter 5 presents an integrated discussion to explain the contributions and practical perspective of the
advancement of BSEM approaches. The chapter further highlights the importance of the role of data acquisition,
multi-scale modelling and purpose-driven coupling for enhancing the model development process of BSEM.
Chapter 6 provides a summary of contributions related to formulated research objectives.

Overall, this thesis has contributed to the advancement of BSEM by providing comprehensive reporting
guidelines in terms of accuracy, granularity and multi-dimensionality aspects. This has enhanced the capability
of the BSEM to be further extended to any demographic landscape or spatial resolution and evolve into a
long-term transitional workflow. Thus, enabling long-term spatial energy resource planning and decision-making

in terms of sufficiency, efficiency and renewables for commercial building stock across various scales.
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