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Short Abstract

Buildings account for a significant portion of global energy consumption, with HVAC, lighting, water pumping, and other building-related energy
requirements contributing to a considerable fraction of energy consumption. As the demand for energy continues to escalate and concerns about primary
energy sources grow, effective energy management in buildings has become a crucial challenge. To tackle this issue, machine learning algorithms have
been widely used for predicting building energy consumption. However, these algorithms often overlook the interdependence and impact of different
building zones. In this article, we propose a graph convolutional network (GCN) approach for predicting energy consumption in smart buildings. The
proposed method effectively models the energy consumption pattern in different zones of a building and considers the influence of neighboring zones.
We evaluated the GCN model using the CU-BEMS dataset, which includes energy consumption data from various zones of a 7-story building. The
experimental results demonstrate that the proposed GCN method can predict the energy consumption of a specific floor with 5 zones, for only 0.6 of
mean squared error (MSE).
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1-  Short Introduction

To achieve sustainable environments, efficient energy management in buildings is critical, as they account for a large share of energy use and CO2
emissions. Accurate energy consumption prediction is key to reducing this impact. While machine learning (ML) models offer advantages over physics-
based models by learning complex relationships with higher accuracy and fewer inputs, their design and interpretation can be complex, and current
methods fall short for intricate building structures. To address this, a novel Graph Convolutional Network (GCN)-based model is introduced, utilizing
a graph representation to consider interactions between multiple building zones, providing a promising solution for predicting energy consumption in
complex buildings.

2- Proposed Work and Methodology

The present study proposes a novel method for accurately predicting the energy consumption of complex buildings through a two-stage process. The
first stage involves dividing buildings into zones and constructing a graph to describe the internal features and relationships between zones. The second
stage employs a Graph Convolutional Network (GCN) model to predict the energy consumption of each zone by learning hidden energy consumption
patterns in the graph. This method is particularly effective in modeling subtle energy consumption patterns resulting from complex interactions between
different areas in the building. To create a graph of complex buildings, a graphical approach is proposed. The building is divided into zones, each of
which is described by features such as energy consumption, temperature, and humidity. A graph is used to represent the relationships between these
zones, with nodes representing the zones and directed edges representing connections between them. The graph is obtained using node feature vectors,
edge index vectors, and edge feature vectors. After obtaining the graphical representation of the building, a GCN model is created to predict the building's
energy consumption. The model is trained by minimizing the Mean Squared Error (MSE) loss function between predicted and actual energy
consumption values (labels). The proposed method's performance is evaluated on a public dataset, CU-BEMS, and the results demonstrate that the GCN
model achieves lower MSE in both training and testing datasets.

3-  Conclusion

This study proposes a graph convolutional network (GCN) model for predicting buildings energy consumption at the zone level, considering interactions
and temperature gradient between zones. By transforming the zones into a graph representation, the model utilizes GCN to extract spatial representations
and learn the temperature gradient between zones. The study highlights the importance of edge features in accurate energy consumption prediction.
Results show that considering zone interactions and temperature gradient effects improves the model's performance in predicting energy consumption
for multiple zones.
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