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Abstract:

The study aimed to develop a conceptual model for designing sustainable buildings in hot and humid regions using simulation and artificial
neural networks (ANN) to predict and optimize energy consumption. This applied research employed a quantitative—analytical approach.
Independent variables included material type, wall and roof thickness, HVAC system type, building orientation, and occupant behavior, while
dependent variables covered energy consumption, indoor temperature, and humidity. Data were collected using EnergyPlus simulations and
ANN modeling through an MLPRegressor with two hidden layers (ten neurons each), a learning rate of 0.001, and early stopping. Seventy
percent of the data were used for training and 30% for testing, with model accuracy assessed via Mean Squared Error (MSE). The ANN
model demonstrated high predictive performance in estimating energy consumption in buildings located in hot and humid regions.
Comparisons between actual and predicted energy usage revealed some deviations attributed to climate variations and occupant behavior.
MSE analysis indicated that wall thickness (94356.66), roof thickness (90021.62), indoor temperature (86698.37), and humidity (92751.18)
were the most influential factors. Wooden roofs and low thermal conductivity brick walls contributed significantly to reduced energy use.
The proposed conceptual model emphasizes the use of thermally efficient materials, smart control of indoor temperature and humidity, and
climate-responsive design strategies. The integration of simulation and ANN modeling provides an effective tool for predicting and
optimizing energy consumption in sustainable buildings within hot and humid climates. By identifying critical variables and proposing a
sustainable design framework, the study offers practical insights for architects and engineers to reduce energy demand, enhance thermal
comfort, and promote environmental sustainability.
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Comparison of Actual vs Predicted Energy Consumption
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House Model - Energy Consumption Based on Wall Thickness, Roof Thickness, and Indoor Temperature
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Extended Abstract

Introduction

The building sector remains one of the largest energy consumers and contributors to global greenhouse gas emissions,
accounting for nearly 40% of total energy use and 30% of carbon emissions worldwide (1, 2). As cities expand and urbanization
accelerates, the environmental burden imposed by energy-intensive construction practices and unsustainable design approaches
has become a critical concern. In this context, the concept of sustainable buildings—structures designed to minimize energy
demand while maximizing environmental efficiency and occupant comfort—has emerged as a global priority (3). This is
especially vital in hot and humid regions, where high cooling loads and thermal discomfort make energy management a pressing
challenge.

Modern sustainable design increasingly relies on data-driven methodologies, where computational simulations and artificial
intelligence (Al) models enable precise predictions of building energy performance (4). Among these, Artificial Neural
Networks (ANNSs) have proven to be particularly effective in modeling complex nonlinear relationships between physical,
climatic, and behavioral variables influencing energy consumption (5). ANN-based frameworks can integrate multiple
variables such as material type, insulation thickness, orientation, humidity, and occupant behavior, producing predictive
insights far beyond traditional statistical models (6).

Numerous studies confirm that combining simulation-based analysis with machine learning improves prediction accuracy
and aids in optimizing energy efficiency during the early design stages (3). However, in many developing countries, including

Iran, systematic frameworks that integrate simulation, optimization, and behavioral factors remain underdeveloped (8).
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Although technical modeling tools exist, gaps in localized data, climatic calibration, and user behavior representation restrict
their practical impact. Therefore, developing conceptual models grounded in both empirical simulation and Al-based prediction
can bridge this divide, offering architects and engineers a robust decision-making framework (9).

Furthermore, sustainability in architecture is no longer confined to material and energy performance; it also encompasses
social, behavioral, and psychological dimensions that shape how occupants interact with their environment (10, 11). Evidence
suggests that personal environmental awareness and pro-environmental attitudes strongly influence energy use behaviors (12,
14). In developing countries, promoting such awareness—rooted in cultural and religious values—can foster long-term
sustainability (13, 15). Hence, any attempt to model energy consumption should not ignore the behavioral variability among
occupants, as this may account for up to 30% of total energy use variation (11).

Parallel to behavioral dimensions, educational and institutional frameworks also play an essential role in advancing
sustainability awareness. Studies on higher education institutions have demonstrated that integrating sustainability into
curricula can significantly reshape students’ values and professional practices toward environmentally responsible design (16,
17). In this context, a “whole-institution approach” has been proposed to align universities, industries, and governments in
promoting sustainability-oriented design and decision-making (18, 19).

At the technical level, early-stage optimization of design parameters such as wall thickness, roof insulation, and building
orientation has a profound influence on reducing cooling loads in warm and humid climates (20, 23). Optimization studies
indicate that using low-conductivity materials and reflective surfaces can reduce energy use by up to 25%, demonstrating the
potential of computational models in informing sustainable architecture (3). Additionally, urban morphology—the
arrangement, spacing, and height of buildings—affects not only energy consumption but also the Urban Heat Island (UHI)
effect (9, 22). Understanding how these environmental and structural factors interact is critical for holistic design in coastal
provinces such as Hormozgan, where both solar radiation and humidity are extreme.

Machine learning has opened new avenues in this regard, allowing for real-time prediction and adaptive control of building
energy performance. Deep learning models like optimized XGBoost and hybrid ANN systems have achieved superior accuracy
in forecasting residential and office energy consumption (7, 21). These systems can adapt dynamically to changing
environmental conditions and user behaviors, ensuring continuous optimization. Moreover, as (8) highlights, integrating
renewable energy management within intelligent building systems is essential for sustainable urban development.

In summary, the literature converges on a central principle: sustainable building design in hot and humid regions requires a
multi-dimensional approach that combines Al-driven simulation, contextual climatic adaptation, and behavioral understanding
(1). Yet, most existing models remain generic, lacking contextual sensitivity to Iran’s climatic, cultural, and behavioral realities.
Accordingly, the present study develops a conceptual model for sustainable building design in Hormozgan, integrating
simulation data from EnergyPlus with an ANN predictive framework to identify and prioritize the parameters most critical to
energy efficiency in this specific climatic context.

Methods and Materials

This applied research adopted a quantitative—analytical approach combining simulation and machine learning analysis. The
study first identified key design and environmental variables affecting building energy consumption, including wall thickness,
roof thickness, material type, ventilation system, orientation, and occupant behavior. Using EnergyPlus, multiple design

scenarios were simulated under realistic climate conditions specific to Hormozgan Province.
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The output variables—total energy consumption, indoor temperature, and relative humidity—were then processed through
a supervised Artificial Neural Network (ANN) model using the MLPRegressor algorithm. The model architecture included two
hidden layers (each with ten neurons), a learning rate of 0.001, and an early-stopping mechanism to prevent overfitting. Seventy
percent of the data were used for training and thirty percent for testing. Model performance was evaluated using the Mean
Squared Error (MSE) metric.

Findings

The analysis demonstrated that the proposed ANN model achieved high predictive accuracy for building energy
consumption across all simulated scenarios. The mean squared error (MSE) scores confirmed that the model successfully
captured the nonlinear relationships between architectural and environmental parameters. The sensitivity analysis indicated
that wall thickness (MSE = 94356.66), roof thickness (MSE = 90021.62), indoor temperature (MSE = 86698.37), and humidity
(MSE = 92751.18) were the most influential variables affecting energy use.

Among the material types, wooden roofs and brick walls with low thermal conductivity yielded the most significant
reductions in total energy demand. Comparative simulation results revealed that increasing wall and roof thickness within an
optimal range led to a 12-18% decrease in cooling energy demand. Furthermore, adjusting the building orientation to minimize
solar gain and improve natural airflow reduced overall energy use by approximately 10%.

The difference between actual and predicted energy consumption in certain cases was attributed to behavioral variations
among occupants, such as inconsistent use of ventilation systems or shading devices. This finding highlights the importance of
integrating human behavioral factors into energy modeling to enhance prediction reliability.

Overall, the ANN model demonstrated superior performance in pattern recognition, convergence stability, and adaptability
to diverse climatic data. The proposed conceptual framework successfully combined physical, climatic, and behavioral
parameters, offering a practical design strategy for sustainable building development in hot and humid regions like Hormozgan.

Discussion and Conclusion

The results underscore that energy efficiency in hot and humid climates depends not only on technological interventions but
also on climate-sensitive design decisions. The ANN-based framework proved effective in identifying critical parameters that
architects can manipulate to optimize energy consumption, confirming the vital role of wall and roof design, orientation, and
humidity management in achieving thermal comfort.

Furthermore, the integration of simulation and Al methods represents a major step toward data-informed architectural
design, bridging the gap between theoretical sustainability and applied construction practices. By quantifying the effects of
multiple variables simultaneously, this approach offers designers a decision-support tool capable of predicting energy outcomes
under different design configurations.

The model’s performance aligns with international findings emphasizing the efficacy of artificial intelligence in sustainable
architecture. Beyond its predictive accuracy, however, the framework also highlights the need for interdisciplinary
collaboration—bringing together engineers, architects, behavioral scientists, and policymakers—to translate computational
insights into actionable standards.

From a practical standpoint, the study’s findings suggest that even modest changes in wall thickness, material type, and
ventilation strategies can yield substantial improvements in energy efficiency. Applying these insights to housing developments
in coastal provinces could significantly reduce the cooling load and improve residents’ comfort without imposing excessive

construction costs.
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In conclusion, the study demonstrates that combining building energy simulation with artificial neural network modeling
provides a powerful methodological foundation for sustainable building design in hot and humid climates. The proposed
conceptual model contributes both theoretically and practically to the field by identifying key parameters for energy

optimization, supporting policy formulation, and guiding future architectural design standards in Iran.
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