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ABSTRACT

In recent years, household composition and size have changed significantly due to
declining birthrates and an aging population. These shifts are believed to affect residential
energy demand patterns. Therefore, when considering measures to improve housing energy
performance, it is important to go beyond discussions based solely on the conventional
standard household (a four-person household with a husband who is an office worker, a
homemaker wife, and two children) and to adopt new perspectives that reflect the diversity of
modern households.

Against this background, the Building Research Institute (BRI) conducted the research
project “Analysis of Residential Energy Consumption Based on Government Statistical Data”
(FY2023-FY2025) to clarify differences in energy consumption among households and to
identify their underlying causes.

The project analyzed survey data from the Ministry of the Environment’s “Statistical
Survey on CO, Emissions in the Household Sector” (FY2017-FY2022). The analyses included
statistical comparisons of energy consumption across households and investigation of
contributing factors using machine learning. A total of 42,370 households were included in the
analysis. The data consisted of annual primary energy consumption, shares of energy use by
purpose (heating, cooling, hot water, cooking, lighting/other), and 121 explanatory variables
describing these factors.

For the statistical analysis, households were grouped by “household type” and “number of
residents,” and analyses were conducted separately for each regional category defined by
energy-saving standards to account for regional differences. Various statistics were calculated,
and multiple comparisons were performed to evaluate the significance of differences among
household groups.

For the machine learning analysis, models were trained to predict annual energy
consumption or use shares using the 121 variables as features. SHAP (SHapley Additive
exPlanations) was then applied to quantify each feature’s contribution and its direction of
effect on the predictions.

These analyses allowed the identification of factors influencing residential energy

consumption and provided quantitative measures of their impact.

Senior Research Engineer, Hiromi HABARA, Dr.
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