
Content from this work may be used under the terms of the Creative Commons Attribution 4.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

16th International Conference on Civil and Architectural Engineering (ICCAE-16)
IOP Conf. Series: Earth and Environmental Science 1530 (2025) 012011

IOP Publishing
doi:10.1088/1755-1315/1530/1/012011

1

A Machine Learning Approach to Cooling Load 

Prediction: Integrating Orientation-Specific U-Values 

with Random Forest Modelling 

Nourhan M. Waly1*, Hatem Mahmoud2 

1 Teaching Assistant, Sustainable Architecture Program, Egypt-Japan University of 

Science and Technology E-JUST, New Borg El-Arab City, Alexandria 21934, Egypt 

2 Professor, Sustainable Architecture Program, Egypt-Japan University of Science 

and Technology E- -Arab City, Alexandria 21934, Egypt 

Abstract. Accurate cooling load prediction is crucial for the design of energy-

efficient buildings. This study proposes the development of a predictive model for 

cooling load based on the building orientation and envelope (represented by U-

values) using machine learning algorithm. A physics-based simulation approach, 

combined with optimization outputs, was employed to generate data for training 

and evaluating the predictive performance of the machine learning (ML) model: 

Random Forest (RF). Key optimization features include the U-values of external 

walls across different façade orientations (South, West, East, North) and the Roof. 

Results indicate that South and West U-values exhibit the strongest correlation 

with cooling load, whereas Roof U-values have the least impact. the tested models 
RF demonstrated high accuracy, achieving an R² score of 0.934. The findings 

confirm that cooling load is highly dependent on envelope insulation properties, 

and RF model can effectively predict it based on thermal transmittance 

characteristics. This study underscores the importance of ML-based methods 

which significantly reduce computational time which encourage more 

stakeholders such as designers and policymakers to produce more energy efficient 

buildings.  
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