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Abstract

Designing energy-efficient buildings is an essential necessity since buildings are
responsible for a significant proportion of energy consumption globally. This
concern is even more critical in urban environments where it is harder to understand
and model energy use. Recently, Artificial Intelligence (AI) and Machine Learning
(ML) have been explored for improving the energy consumption in buildings.
However, the advances in AI and ML have not been fully exploited in the building
design process. This paper aims to highlight the gap between the advancements in
AI and its applications for energy-efficient buildings in urban environments. The
article discusses opportunities in this direction and suggests future research to have
buildings adapt to the ever-changing situations.

1 Introduction
Population growth is causing further urbanization in the world which requires a growing energy
demand. Urban building energy use is remarkable and it is one of the causes of global warming [1].
Buildings should have feasible design options to provide thermal comfort while mitigating energy use.
In addition, incident solar radiation (insolation) is one important factor that is directly proportional
to the need for space cooling demands; thus further increasing the energy demands [2]. Therefore,
academic researchers and decision makers are studying the different factors that affect the energy
efficiency of buildings. Recent advancement in the field of Artificial Intelligence (AI) is fueling
further developments towards a more effective world. Yet, AI has not been fully exploited in the field
of energy-efficient buildings and there is still room for important advancements. In this paper, we
explore some of the research gaps that can be filled by exploiting the advancements in the field of AI.
We aim to ask the following research questions:
RQ1: Why is using ML to forecast the energy consumption in buildings important?
RQ2: What AI advancements can make a difference in proposing more energy-efficient buildings?

2 Related Background

2.1 AI Advancements Used in Various Energy Fields
With the introduction of intelligent technologies that collect data about energy in various fields,
several AI-based ensemble methods have been proposed [3]. In terms of Renewable Energy (RE),
data is being used to match the supply with the demand. AI tools are used to forecast the energy
supply of some RE sources for better adjustments [4]. For example, there are some methods that
use hybrid forecasting model for wind power forecasting based on grey relational analysis [5]. In
addition, artificial neural network (ANN) are currently investigated to model the conventional solar
energy and assess the effect of significant pillars on energy intake [6].
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Figure 1: Predictive AI and ML-based techniques for energy-efficient buildings in urban environ-
ments.

2.2 The Use of ML to Predict Building Energy Consumption
Most recent works that use machine learning focus on deploying deep learning to develop energy
management systems [7]. The amount of energy consumed in residential and commercial apartments
is predicted using the family of ensemble approaches such as regression trees, random forests,
bagging, boosting and stacking [8]. To model the energy spent on cooling/heating the building, the
traditional way was to collect data from monthly utility bills to build regression models. However,
although such models can give accurate estimation of the amount of consumed energy, they can
rarely be used for optimization in order to obtain an energy-efficient building due to the fact that the
main components of the building cannot be changed such as the orientation, the dimensions and the
location of windows. Therefore, we aim to use ML to model the energy consumption at the early
stages of designing the building in an urban environment. In our previous work, we developed a
tool that can be used by architectural design teams to design energy-efficient buildings based on an
optimization approach that minimizes insolation [2, 9].

3 Research Gaps and Opportunities
Machine Learning (ML) is a domain that is transforming many research fields and industries; yet,
ML is still considered underdeveloped in energy predicting applications [10]. Specifically, using
ML to develop more energy-efficient buildings can improve people’s productivity in their living and
working environments. There are several factors that affect the models used to assess the energy
consumption of buildings such as temperature, humidity, window location, ventilation and other
individual characteristics of the building. However, one very important but yet to be explored factor
is the effect of other existing buildings on the energy model of the target building being studied. As
shown in Figure 1, the overall flow of data and information is affected by the sensors that are placed
in urban environments. More buildings are using built-in sensors to monitor the temperature, light,
humidity, and motion to minimize energy consumption [11].
In addition, when designing any building or facility in urban environment, there are several factors
that have to be used in predicting the energy performance such as the shadowing from surrounding
buildings. This inter-sectional effect between the energy models of several buildings in an urban
environment has a huge room of improvement in the whole process starting from the intelligent
construction of the sensor network and the software tools used to receive data to the last step of
predicting energy consumption and/or designing the building. Future directions include proposing
energy models for buildings and integrating with other urban models that consider thermal comfort of
occupants indoors and outdoors. Other sample ML-based problems include predicting the occupancy,
proposing smarter lightning strategy, predicting changes in wind patterns to increase stability of
wind turbines, predict the sun movement and its effect on shadows casted by surrounding urban built
environment.

4 Conclusion
In this short paper in the attention track, we contribute by revealing the research gaps that exist
between the field of AI and the goal of having energy-efficient buildings especially in the urban
environments. As part of our future work, we will continue to use AI to propose energy-efficient urban
environments and further explore the effects of AI on insolation and thermal comfort of occupants in
the buildings and the urban surroundings.
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