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ARTICLE INFO ABSTRACT

Accurate prediction of building energy consumption for improving efficiency
and reducing simulation costs requires an appropriate representation of occupant
presence. In this study, occupant presence patterns at an hourly scale were
encoded as continuous variables, and the months of the year were encoded
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capable of accurately predicting the monthly average total HVAC electricity
demand rate, SHAP analysis and partial dependence plots showed that midday
and afternoon hours have the greatest impact on energy loads and further
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Finally, the results indicated that optimizing the timing of occupied windows
throughout the year for a simple schedule can lead to reduction in the monthly
average demand rate up to approximately 15%.
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1. Introduction

Occupant presence affects internal heat gains, ventilation demand, and HVAC operation, yet many
building models represent it using fixed densities or a few discrete schedules. This study combines
continuous hourly occupancy inputs with cyclical month encoding to predict monthly average HVAC
electric demand power and examine occupancy scheduling as a low-cost energy-management strategy.

2. Materials and Methods

A validated single-zone EnergyPlus model was simulated for Tehran using fixed envelope properties,
HVAC settings, thermostat setpoints, and occupant density. A total of 2,880 simulations were
generated, including 240 occupancy schedules per month. Each schedule contained 24 hourly
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occupancy fractions between zero and one and covered standard patterns, Gaussian-jittered variations,
block schedules, night shifts, and fully occupied or unoccupied cases. Month was encoded using sine
and cosine functions, producing 26 inputs for a multilayer perceptron with hidden layers of 128 and 64
neurons. SHAP values and partial dependence plots were used for interpretation.

3. Results

The neural-network surrogate achieved an R* of 0.963 on the test data, demonstrating its ability to
reproduce the nonlinear relationship among hourly occupancy, season, and monthly average HVAC
demand power. Similar training and validation losses and an approximately symmetric residual
distribution indicated satisfactory generalization and no clear systematic bias.

SHAP analysis identified the sine and cosine components of month as the most influential
variables, confirming that seasonal heating and cooling conditions dominated annual HVAC demand.
Among the hourly variables, occupancy from approximately 11:00 to 16:00 had the greatest influence.
Higher occupancy during these hours generally increased demand, especially during the cooling
season, whereas early-morning and late-night occupancy had smaller effects.

The influence of occupancy was strongly seasonal and nonlinear. In winter, occupant heat gains
could partially offset heating demand, so increasing occupancy sometimes reduced HVAC power after
a certain level. In summer, higher occupancy consistently increased demand because of additional heat
gains and ventilation requirements. Partial dependence analysis showed that afternoon occupancy,
particularly around 16:00, caused the largest increase in July. Thus, identical occupancy fractions
produced different effects depending on the hour and season.

The model was also used to compare four-hour occupancy windows with different starting times.
In January, earlier occupancy could reduce heating demand by providing useful internal heat gains. In
July, shifting occupancy away from warm afternoon hours reduced cooling demand. Selecting the
lowest-demand starting time for each month produced a total reduction of approximately 5,230 W
relative to the sum of the monthly maximum-demand cases, equivalent to about 15% of the maximum
monthly average demand rate baseline. This shows that schedule adjustment alone can reduce HVAC
demand without physical modifications.

4. Discussion and Conclusion

The findings show that occupancy should not be represented only by average density or total occupied
hours. Its timing and interaction with seasonal conditions are also essential. Continuous hourly inputs
allowed the model to evaluate schedules beyond predefined categories, while cyclical encoding
preserved continuity between consecutive months.

The numerical findings are specific to the investigated single-zone building, Tehran climate, fixed
envelope, and selected HVAC system. However, the methodology can be adapted to other climates,
building types, and operating conditions. Future studies may extend the framework to hourly
prediction, indoor environmental-quality indicators, multiple building configurations, and active-
learning methods. Overall, interpretable neural-network surrogate models can identify seasonally
appropriate occupancy schedules and support low-cost occupant-centric HVAC management.
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