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Abstract: The increase in energy consumption in the office
buildings in hot and dry climates has doubled the need to pay
attention to architectural solutions, especially the design of
the central atrium. This study aims to evaluate the effect of
atrium design on thermal loads and extract an algorithm for
predicting energy performance, examining the Amir Kabir
office complex in Isfahan as a case study. The main research
question is "which combination of geometric and physical
features of the atrium can create the most optimal energy
performance in office buildings in hot and dry climates".
Design Builder and statistical analysis, using multivariate
regression in the SPSS environment, were used as in this
paper. The variables studied included the type of plan (open
and combined), the ratio of the building and atrium
dimensions (R1, R2, R3), the percentage of the atrium area
(10%, 20%, 30%), and the type of atrium (without opening,
with a skylight opening and with a roof canopy with different
angles) simulated in the form of 54 scenarios. The findings
showed that a 5-degree roof canopy was the most effective
factor in reducing annual cooling load and energy
consumption, while atriums without a canopy or opening
created the highest thermal load. Also, the combination of
R3 volumetric form (length to width ratio 3:2) with an open
plan and appropriate canopy design provided optimal thermal
performance in some scenarios. Finally, the algorithms
obtained from regression analysis allowed for the prediction
of annual heating, cooling, and energy consumption loads
and could be used as a practical tool for architects’ decision-
making in the early stages of designing office buildings in
hot and dry climates.
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Extended Abstract

Introduction

Energy consumption in office buildings located in
warm and dry climates such as Isfahan in central Iran,
is a critical challenge for sustainable urban
development. The building sector accounts for a
significant share of energy use, largely driven by
heating and cooling demands. Atriums, as prominent
architectural elements, have the potential to influence
the thermal behavior of buildings significantly through
passive strategies such as natural ventilation,
daylighting, and solar shading. However, the complex
interaction of atrium geometric proportions, plan
configurations, shading devices, and ventilation options
makes it difficult to predict their net effect on building
energy loads. Therefore, a quantitative and data-driven
analysis is essential to optimize atrium design
specifically for hot-dry climates, where reducing
cooling loads is paramount.

Materials and Methods

This study performed an extensive simulation analysis
of 54 design scenarios of office buildings incorporating
central atriums, using the Design Builder energy
modeling software. The scenarios systematically varied
key architectural parameters: plan type (A: semi-
enclosed with open ground floor; B: fully open), atrium
geometric ratios (R1, R2, R3), atrium area percentages
relative to the building floor area (10%, 20%, 30%),
and atrium roof conditions (presence or absence of roof
shading devices and openings). The roof shading
devices were modeled with three angles (5°, 45°, 90°)
to evaluate solar radiation control effectiveness. Each
scenario’s heating, cooling, and total annual energy
loads were extracted as outputs.

To analyze the complex dependencies between
architectural parameters and thermal loads, the
simulation results were subjected to multivariate
regression analysis using SPSS software. Nine
regression models were developed corresponding to
three atrium conditions: (1) central atrium with roof
openings, (2) central atrium with roof shading, and (3)
central atrium without roof openings or shading.
Independent variables included building plan type
(coded as numeric values), atrium-to-building ratio,
percentage of atrium area, and shading angle (when
applicable). The models aimed to establish predictive
algorithms for early-stage architectural decision-making.

Results

The results revealed that atrium type and shading
configuration significantly impacted thermal loads.
Atriums with near-closed roof shading (5° angle)
consistently reduced cooling loads by up to 30%
compared to atriums without shading, demonstrating
the critical role of solar radiation control in hot and dry
climates. Increasing the atrium area from 10% to 30%
generally increased cooling loads in unshaded
scenarios by up to 25%, emphasizing that larger
atriums  without proper shading or ventilation
exacerbate cooling demands. Atrium geometric ratios

exhibited nuanced effects; elongated R3 ratios
combined with open plans and shading devices yielded
the lowest annual energy loads, while R1 and R2
showed moderate loads.

Building plan types also influenced energy
performance markedly. Open plan buildings (Plan B)
facilitated better airflow and daylight penetration but
tended to increase cooling loads unless combined with
optimized shading. Semi-enclosed plans (Plan A)
demonstrated lower cooling loads but higher heating
demands, reflecting the trade-offs between airflow and
insulation. Regression analysis confirmed these
findings: the shading angle had the most substantial
standardized coefficient in cooling load models (Beta
up to 0.81), followed by atrium area percentage and
plan type. Geometric ratios generally had weaker
statistical significance but contributed positively in
some scenarios.

Nine regression equations were formulated,
enabling the calculation of heating, cooling, and annual
loads based on the four key variables for each atrium
condition. These models showed high predictive
accuracy (R2 > 0.85), offering reliable quantitative tools
for architects to forecast energy impacts of atrium
design choices at the concept stage.

Discussion and Conclusion
This research highlights the necessity of integrating
passive solar control and ventilation strategies into
atrium design to achieve energy-efficient office
buildings in warm-dry climates. The substantial
increase in cooling loads, observed in unshaded large
atriums, underscores that size alone is not a sufficient
criterion for sustainable design. Instead, careful
consideration of shading angles and openings is
essential. The identification of the 5° roof shading
angle as optimal suggests that nearly closed shading
devices effectively reduce solar gains while allowing
daylight, balancing thermal comfort and lighting needs.
The interplay between plan type and atrium geometry
revealed design trade-offs: open plans could leverage
ventilation but risk increased cooling demand if not
paired with shading, while semi-enclosed plans provide
thermal buffering but might have increased heating
energy. The regression models derived from this study
provided architects with flexible, data-driven
algorithms to evaluate and optimize atrium designs
before costly physical modeling or construction.
Overall, this study demonstrates that atrium design
should not be driven solely by aesthetic or spatial
considerations but must incorporate climate-responsive
guantitative analyses to minimize energy consumption.
Applying the proposed predictive equations facilitates
the rapid exploration of design alternatives, reduces
uncertainties, and supports sustainable architectural
decision-making in the office buildings located in the
warm-dry regions such as Isfahan. Future research
could extend this framework by integrating occupant
behavior, advanced materials, and dynamic climate
conditions to further refine energy optimization
strategies.
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1. Generic Office Area
2. Areas to Perform Office Work Including Offices and
Meeting Rooms
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3. Lower Degree
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