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Physics—based Building Stock Energy Models (BSEM) are widely acknowledged as effective tools for policy
assessment, particularly in assessing the energy demands of commercial buildings. These models, especially
the physics—based BSEM, are preferred due to their ability to apply physics—based energy simulations for
extrapolating the physical aspects of building operations across entire building stocks. They play a crucial
role in identifying energy efficiency opportunities and quantifying potential energy savings from different
retrofit strategies, thereby addressing energy demand challenges effectively. However, traditional
physics—based BSEM has limitations, including gaps in estimating energy demand from commercial buildings
largely due to a lack of consideration for the diversity of HVAC systems and the generalized occupancy profiles.
To bridge these gaps, this thesis introduces a new methodology for modeling physics—based BSEM for commercial
buildings.

Chapter 1 provides an introduction to the physics—based BSEM and the limitations of the conventional modeling
approaches with the comprehensive review. It also presents the overall objectives and framework of research
aimed at establishing a novel modeling methodology for physics—based BSEM.

Chapter 2 presents a new approach to model the diversity in building systems to take into account the
heterogeneity of the building system. The study presented that the improvement in the estimation results and
analytical capabilities with the case of Japanese office building stock.

Chapter 3 presented the modeling methodology to consider the composition of various building system stock
and its long—term change. In addition, the capabilities of the developed BSEM framework are demonstrated in
a case study on the Japanese commercial building stock in this chapter.

Chapter 4 established the modeling methodology to estimate the time—sequence electricity load profiles of
commercial building stock. To achieve this, an occupancy modeling approach that reflects the general occupancy
presence pattern of a large population using survey data.

Finally, Chapter 5 summarizes the key findings, conclusions, and contributions of the study.

This thesis significantly advances the field of physics—based BSEM for commercial buildings, offering a
more reliable estimation methodology. The approach also has potential applications in future policy assessments

for commercial building stocks.
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