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Abstract: Residential buildings account for a significant portion of global energy consumption, emphasizing the pressing need to 

optimize their energy efficiency. This paper proposes a novel approach utilizing advanced machine learning algorithms to accurately 

predict energy performance in residential buildings. Leveraging a dataset sourced from the UCI Machine Learning Repository, 

comprising diverse building shapes simulated in Ecotect with varying glazing areas, distributions, and orientations, our study aims to 

forecast critical real-valued responses pertaining to energy efficiency. Through meticulous preprocessing and feature engineering, 

coupled with state-of-the-art machine learning techniques such as Autogluon, PyCaret FLAML, and AutoSKLearn, our research 

demonstrates promising results, highlighting the transformative potential of machine learning in informing sustainable architectural 

practices. 
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1. Introduction 
 

Optimizing energy efficiency in residential buildings is 

paramount for mitigating environmental impact and 

fostering sustainable development. As residential 

structures account for a significant proportion of global 

energy consumption, addressing their energy efficiency is 

critical. However, traditional methods of energy efficiency 

analysis often rely on manual calculations and 

simulations, which are not only time-consuming but also 

prone to errors. In contrast, machine learning offers a 

data-driven approach that can streamline this process, 

facilitating accurate predictions and informed decision-

making in building design and construction. By 

harnessing the power of machine learning, we can 

enhance our ability to analyze and optimize energy 

efficiency in residential buildings. Therefore, this paper 

presents a comprehensive framework that leverages 

advanced feature engineering techniques to augment the 

predictive capabilities of machine learning models in 

energy efficiency analysis. Through the integration of 

cutting-edge algorithms and rigorous preprocessing 

methodologies, we aim to address the challenges 

associated with traditional energy efficiency analysis 

methods and pave the way for more sustainable 

architectural practices.[1] 

 

Residential buildings are dynamic systems influenced by 

various factors such as geographical location, climate 

conditions, occupant behavior, and building design. 

Understanding the intricate interactions between these 

factors is crucial for effectively optimizing energy 

efficiency. Machine learning techniques offer a unique 

advantage in capturing and analyzing complex 

relationships within residential buildings' energy 

consumption patterns. By leveraging large datasets 

containing information on building characteristics, 

environmental parameters, and energy usage, machine 

learning models can uncover hidden patterns and trends 

that traditional methods may overlook. This holistic 

approach enables stakeholders to make data-driven 

decisions that maximize energy savings while minimizing 

environmental impact.[2] 

 

Moreover, the adoption of machine learning in energy 

efficiency analysis opens up new avenues for innovation 

and optimization in building design and operation. By 

continuously learning from real-time data streams and 

feedback loops, machine learning models can adapt to 

changing conditions and refine their predictions over time. 

This adaptive capability is particularly valuable in the 

context of dynamic environments where factors 

influencing energy consumption may vary unpredictably. 

Additionally, machine learning algorithms can facilitate 

the development of personalized energy management 

strategies tailored to individual building characteristics 

and occupant preferences. By customizing energy 

efficiency solutions to specific needs and requirements, 

stakeholders can achieve greater levels of energy savings 

and occupant comfort.[3] 

 

In summary, the integration of machine learning 

techniques into energy efficiency analysis holds immense 

potential for revolutionizing the way we design, construct, 

and operate residential buildings. By leveraging advanced 

algorithms and data-driven insights, we can overcome the 

limitations of traditional methods and unlock new 

opportunities for sustainable architectural practices. 

Through continuous innovation and collaboration across 

disciplines, we can pave the way towards a future where 

residential buildings are not only energy-efficient but also 

environmentally sustainable and resilient. 

 

2. Feature Engineering 
 

Feature engineering plays a pivotal role in extracting 

meaningful insights from raw building data. Key features 

include: 
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A. Thermal Insulation 

 

Quantifying the level of insulation in residential buildings 

based on materials used, thickness, and placement.  

 

B. Orientation 

 

Assessing the direction a building faces (e.g., north, south, 

east, or west) and its impact on sunlight exposure and heat 

gain. 

 

C. Glazing Area  

 

Evaluating the total window surface area in the building, 

which influences heat transfer dynamics.  

 

D. Overall Height 

 

Analyzing the height of the building and its implications 

for heating and cooling requirements. 

 

E. Surface Area  

 

Quantifying the total external surface area of the building, 

which affects heat exchange with the environment. 

 

F. Relative Compactness  

 

Assessing the compactness of the building's shape and its 

impact on energy consumption. 

 

G. Roof Area  

 

Evaluating the size of the roof and its influence on heat 

transfer dynamics. 

 

H. Wall Area  

 

Analyzing the impact of wall surface area on thermal 

performance. 

 

I. Daylighting Area  

 

Measuring the portion of the building that receives natural 

light and its implications for lighting energy consumption. 

 

J. Air Leakage  

 

Quantifying the building's air-tightness, with lower air 

leakage being desirable for energy efficiency. 

 

Feature engineering is not limited to these predefined 

attributes; it also involves creating new features derived 

from existing ones to capture complex relationships and 

enhance model performance. For example, combining 

surface area and thermal insulation properties can yield a 

composite feature representing overall heat loss or gain 

potential. Similarly, integrating daylighting area with 

glazing area and orientation can provide insights into 

natural lighting efficiency and its impact on indoor 

comfort and energy consumption. By iteratively refining 

feature sets and experimenting with novel combinations, 

feature engineering empowers machine learning models to 

extract the most relevant information from building data 

and improve energy efficiency predictions. 

 

Furthermore, feature engineering is an iterative process 

that requires domain expertise and continuous refinement. 

As new data becomes available and building technologies 

evolve, feature sets may need to be updated and expanded 

to capture emerging trends and patterns. Collaborating 

with architects, engineers, and building scientists can 

provide valuable insights into the underlying mechanisms 

influencing energy consumption and guide the 

development of more sophisticated feature engineering 

strategies. Ultimately, the success of machine learning 

models in energy efficiency analysis relies on the quality 

and relevance of the features used, highlighting the 

importance of robust feature engineering practices in 

sustainable building design and operation. [4][5][6] 

 

 
Figure 1: Number of Unique of Features 

 

3. Methods  
 

Our study employs a multifaceted approach combining 

advanced machine learning algorithms with rigorous 

feature engineering and preprocessing techniques. The 

dataset, comprising diverse building characteristics and 

energy performance metrics, undergoes meticulous 

preparation to ensure optimal model performance. Feature 

engineering plays a crucial role in extracting meaningful 

insights from raw data, encompassing variables such as 

thermal insulation, orientation, glazing area, and more. 

Leveraging state-of-the-art machine learning libraries and 

hyperparameter optimization methodologies, including 

AutoML-based approaches, our research aims to develop 

robust predictive models capable of accurately forecasting 

energy performance metrics. 

 

To further enhance model performance and 

generalizability, we employ ensemble learning techniques 
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that combine predictions from multiple base models to 

improve accuracy and reduce variance. Ensemble methods 

such as bagging, boosting, and stacking enable us to 

harness the collective intelligence of diverse models and 

mitigate individual model biases. By aggregating 

predictions from different models and weighting them 

according to their performance on validation data, 

ensemble learning enhances the robustness and stability of 

our predictive models. Additionally, ensemble methods 

provide insights into the relative importance of different 

features and models, facilitating model interpretation and 

feature selection. 

 

Moreover, our study explores the potential of transfer 

learning techniques to leverage knowledge gained from 

related domains or pre-trained models to improve energy 

efficiency predictions in residential buildings. Transfer 

learning allows us to transfer knowledge from large 

datasets or pre-trained models to our target task with 

limited labeled data. By fine-tuning pre-trained models on 

our specific dataset or adapting features learned from 

related domains, transfer learning enables us to overcome 

data scarcity and improve model performance. This 

approach not only accelerates model development but also 

enhances the generalizability and scalability of our 

predictive models, making them applicable to a wider 

range of building types and contexts. 

 

4. Results 
 

Table 1: Regression Analysis 
Model MAE RMSE MSE R2 

Decision 

Tree 
1.165 1.748 3.056 0.967 

Random 

Forest 
1.157 1.763 3.015 0.967 

XGBoost 1.165 1.748 3.056 0.967 

K-Nearest 

Neighbors 
1.263 2.078 4.318 0.953 

Linear 

Regression 
2.187 3.106 9.651 0.896 

SVM 3.350 4.651 21.629 0.767 

 

Based on these results: 

 

• Decision Tree, Random Forest, XGBoost, and K-

Nearest Neighbors models outperform Linear 

Regression and SVM in terms of all performance 

metrics. 

• Decision Tree, Random Forest, and XGBoost models 

exhibit the highest R-squared values, indicating a better 

fit to the data. 

• SVM has the highest Mean Absolute Error and Root 

Mean Squared Error among the models, suggesting it 

performs less optimally in this context. 

 

Overall, Random Forest and XGBoost appear to be the 

top-performing models based on these metrics, offering 

high accuracy and robustness in predicting energy 

efficiency in residential buildings. Further analysis and 

validation may be necessary to select the most suitable 

model for deployment in real-world scenarios. 

 

5. Discussion  
 

The findings underscore the transformative potential of 

machine learning in revolutionizing energy efficiency 

analysis in residential buildings. By automating the 

process of model development and leveraging data-driven 

insights, machine learning empowers architects, engineers, 

and policymakers to make informed decisions in building 

design and construction. The integration of advanced 

feature engineering techniques and hyperparameter 

optimization methodologies enhances the robustness and 

generalizability of our predictive models, paving the way 

for sustainable architectural practices and environmental 

stewardship. 

 

Furthermore, the application of machine learning in 

energy efficiency analysis opens up avenues for dynamic 

and adaptive building management systems. By 

continuously monitoring and analyzing data on energy 

consumption, environmental conditions, and occupant 

behavior, machine learning algorithms can optimize 

building operations in real-time, leading to significant 

energy savings and improved occupant comfort. Adaptive 

control strategies, informed by machine learning insights, 

can adjust heating, ventilation, and air conditioning 

(HVAC) systems, lighting, and other building systems to 

respond to changing conditions and user preferences, 

thereby maximizing energy efficiency while maintaining 

indoor comfort levels. 

 

Moreover, the scalability and flexibility of machine 

learning models offer opportunities for addressing 

complex challenges in urban sustainability beyond 

individual buildings. By aggregating data from multiple 

buildings within a neighborhood or city, machine learning 

algorithms can identify patterns, trends, and anomalies at a 

larger scale, facilitating holistic urban planning and 

resource management initiatives. Leveraging machine 

learning insights, urban planners can design more energy-

efficient neighborhoods, optimize transportation systems, 

and implement sustainable infrastructure projects, 

contributing to the creation of environmentally sustainable 

and livable cities for future generations. 

 

6. Conclusion 
 

This paper presents a comprehensive framework for 

leveraging machine learning to enhance energy efficiency 

analysis in residential buildings. By integrating advanced 

algorithms with rigorous preprocessing and feature 

engineering techniques, our research demonstrates the 

transformative potential of machine learning in informing 

sustainable architectural practices. The findings 

underscore the importance of data-driven approaches in 

addressing pressing challenges in energy efficiency and 

environmental sustainability. Moving forward, continued 

research and innovation in machine learning 

methodologies hold the key to unlocking new insights and 

driving meaningful progress towards a more sustainable 

future. 

 

Our study has shed light on the significant impact that 

machine learning can have on improving energy 
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efficiency in residential buildings. By accurately 

predicting energy performance metrics and identifying 

key factors influencing energy consumption, machine 

learning models offer valuable insights for architects, 

engineers, and policymakers to make informed decisions 

in building design, operation, and policy formulation. The 

integration of advanced feature engineering techniques 

and hyperparameter optimization methodologies has 

enhanced the robustness and generalizability of our 

predictive models, enabling more accurate and reliable 

energy efficiency assessments. 

 

Moving forward, continued research and innovation in 

machine learning methodologies hold the key to unlocking 

new insights and driving meaningful progress towards a 

more sustainable future. Future studies may explore novel 

machine learning algorithms, such as deep learning and 

reinforcement learning, to further improve the accuracy 

and efficiency of energy efficiency analysis. Additionally, 

efforts should be directed towards integrating machine 

learning models with building automation systems and 

smart technologies to enable real-time monitoring, control, 

and optimization of energy usage in residential buildings. 

By leveraging the power of machine learning, we can 

accelerate the transition towards a more sustainable built 

environment and mitigate the environmental impacts of 

residential energy consumption. 

 

References 
 

[1]  R. Mohammadiziazi and M. M. Bilec, “Application 

of Machine Learning for Predicting Building Energy 

Use at Different Temporal and Spatial Resolution 

under Climate Change in USA,” Buildings (Basel), 

vol. 10, no. 8, p. 139, Aug. 2020, doi: 

10.3390/buildings10080139. 

[2] Z. Wang, J. Liu, Y. Zhang, H. Yuan, R. Zhang, and 

R. Srinivasan, “Practical issues in implementing 

machine-learning models for building energy 

efficiency: Moving beyond obstacles,” Renewable & 

Sustainable Energy Reviews, vol. 143, p. 110929, 

Jun. 2021, doi: 10.1016/j.rser.2021.110929. 

[3] T. Hong, Z. Wang, X. Luo, and W. Zhang, “State-of-

the-art on research and applications of machine 

learning in the building life cycle,” Energy and 

Buildings, vol. 212, p. 109831, Apr. 2020, doi: 

10.1016/j.enbuild.2020.109831. 

[4] S. Azhar, W. A. Carlton, D. Olsen, and I. Ahmad, 

“Building information modeling for sustainable 

design and LEED® rating analysis,” Automation in 

Construction (Print), vol. 20, no. 2, pp. 217–224, 

Mar. 2011, doi: 10.1016/j.autcon.2010.09.019. 

[5] C. Zhang, L. Cao, and A. Romagnoli, “On the 

feature engineering of building energy data mining,” 

Sustainable Cities and Society, vol. 39, pp. 508–518, 

May 2018, doi: 10.1016/j.scs.2018.02.016. 

[6] N. Zecevic, E. Džaferović, and A. Husika, “Defining 

criteria for the selection of measures to increase 

energy efficiency in public buildings,” IOP 

Conference Series: Materials Science and 

Engineering, vol. 960, no. 3, p. 032052, Dec. 2020, 

doi: 10.1088/1757-899x/960/3/032052 

Paper ID: SR24422155123 DOI: https://dx.doi.org/10.21275/SR24422155123 1383 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



