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Abstract: Energy consumption optimization in buildings
particularly in hot and dry climates, is a key approach to achieving
sustainable architecture. This study aims to quantitatively evaluate
the impact of passive design strategies on reducing energy use in the
welfare service complex of the University of Kashan. The researct
method is based on modeling and simulating the building’s energy
performance, using DesignBuilder software and the EnergyPlus
calculation engine. Several parameters—including the initia
building form, plinth height, window frames and glazing types
shading device dimensions— were examined based on Iran'
National Building Regulations (Part 19) and the thermal materia
properties of exterior/interior walls and roofs. Input data includec
local EPW climatic conditions, material thermal transmittances, anc
space occupancy patterns with annual energy performance
simulated in terms of kWh/m2 year. The quantitative result:
indicated that among the initial geometrical configurations, the
square form exhibited the optimum performance with an energy
consumption of 267.22 kwWh/m2 year. Furthermore, the integratior
of combined horizontal and vertical shading devices, with a 100 cir
depth, achieved a significant cooling load reduction, lowering the
consumption to 189.75 kWh/m? year. Regarding the building
envelope, incorporating light-colored stone, with glass woo
insulation in exterior walls, and a cool white reflective coating or
the roof improved thermal performance by 9.91% and 8.27%
respectively. Ultimately, the concurrent implementation of these
passive strategies successfully decreased the annual energy demanc
from the initial 267.22 kWh/m2 year to the optimized 167.81
kWh/mz2 year, resulting in an overall 37.20% reduction. These
findings highlight the vital role of climate-responsive principles ir
enhancing the energy efficiency of institutional buildings in aric
zones.
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Introduction

Buildings are among the largest energy
consumers worldwide, and improving their
thermal performance has become a major
concern in sustainable designs. In hot and dry
climates, where intense solar radiation, low
humidity, and large day-night temperature
variations characterize the environment, the
energy demand for cooling and overall thermal
conditioning is particularly high. In such
contexts, passive design strategies and the
careful selection of building materials can
significantly reduce energy consumption without
increasing reliance on mechanical systems.
Traditional architecture in Iran offers valuable
lessons in climate-responsive design through
compact forms, shaded openings, thermally
appropriate envelopes, and reflective surfaces.
However, these principles are not always
systematically integrated into contemporary
institutional buildings.

This study investigates the role of materials and
passive design measures in energy management
for the welfare service complex of the University
of Kashan, located in a hot and dry climatic
region. The research aims to identify the most
effective design and material solutions for
reducing annual energy demand while
maintaining appropriate thermal performance.
By evaluating building form, shading devices,
glazing systems, frame materials, roof and wall
assemblies, and interior partitions, the study
provides a comprehensive assessment of how
envelope decisions influence energy use in the
university service building.

Materials and Methods

A simulation-based approach was adopted to
analyze the energy performance of the proposed
building. The climatic conditions of Kashan were
examined using the local weather file and
climate analysis tools to determine the dominant
environmental characteristics and the
requirements for passive solar control. A three-
dimensional model of the building was
developed in DesignBuilder, and dynamic
thermal simulations were performed through
EnergyPlus. To ensure the reliability of the
modeling process, the simulation setup was
validated using ASHRAE Standard 140, Case
600. The benchmark comparison indicated
acceptable agreement between the simulated and
reference results, confirming the validity of the
analytical framework.

The building was simulated under realistic
operational conditions, including occupancy
schedules corresponding to the university
working hours, internal gains from lighting and
equipment, infiltration rates, and heating and
cooling setpoints suitable for institutional use.
The study, then, examined several design
alternatives in sequence. These included
comparisons among different building forms
with equal floor area, variations in plinth height,
selection of window frame materials, different
glazing types, shading configurations based on
solar geometry, and alternative wall, roof, and
partition assemblies. The main performance
indicator was annual energy consumption
expressed in kWh/m2 year. The analysis was
conducted to determine which combination of
passive strategies could most effectively reduce
energy demand in the hot and dry climate of
Kashan.

Research Results

The simulation results showed that building form
had a measurable effect on annual energy use.
Among the tested forms, the square plan
performed best because of its compact geometry
and more favorable surface-to-volume ratio.
Although the differences among forms were not
extreme, the square layout reduced thermal
exchange with the exterior more effectively than
the rectangular and circular alternatives. This
confirmed the importance of compactness in
reducing building energy demand in arid
climates.

The evaluation of plinth height indicated that a
slight elevation above ground could contribute to
improved energy performance. Increasing the
height of the building base resulted in a marginal
reduction in annual energy use, suggesting that
reducing direct thermal interaction with the
ground can be beneficial, even if the effect is
limited.

Window frame materials also influenced
the performance, although the differences were
relatively small. Among the studied options,
aluminum frames without thermal break
performed slightly better in the simulation, but
overall the frame type was less influential than
other envelope components. In contrast, the
glazing system produced more noticeable
differences. Double glazing with air as the filling
gas, combined with a suitable window-to-wall
ratio, achieved better annual performance than
more complex alternatives such as triple glazing
with argon. This outcome indicates that in a
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climate like Kashan, minimizing heat losses
alone is not sufficient; the balance between
insulation and useful solar gain must also be
considered.

Shading devices proved to be one of the most
effective passive strategies. The combined
horizontal and vertical shading system with a
depth of 100 cm significantly reduced solar heat
gain and lowered cooling loads. This result
highlights the importance of orientation-specific
fagcade protection in hot and dry regions, where
direct solar radiation is a dominant source of
thermal stress. Compared with simpler shading
arrangements, the combined shading system
offered a more balanced and efficient solution
for managing solar exposure across different
facade orientations.

The material composition of the external wall
also had a substantial effect on energy
performance. The best-performing wall assembly
included a light-colored exterior finish,
insulation, brick, and interior gypsum plaster.
This combination reduced heat transfer through
the wall and helped maintain a more stable
indoor temperature. Similarly, the roof assembly
had a strong influence on the results as the roof is
directly exposed to intense solar radiation in
Kashan. The most effective roof system included
gypsum, a composite layer, XPS insulation, and
a white reflective coating. The reflective outer
surface reduced solar absorption, while the
insulation improved thermal resistance.

The interior wall assembly was also optimized in
the final stage of the analysis. The best option
consisted of hollow brick, rock wool, and
gypsum plaster. When all selected strategies
were combined, the annual energy demand of the
building decreased from 267.22 to 167.81
kWh/mz2.year. This represents a total reduction of
37.2%, which is a significant improvement in the
energy performance of the proposed complex.
The results demonstrate that the cumulative
effect of multiple passive measures is much
greater than the impact of any single intervention
alone.

Discussion and Conclusions

The findings of this study confirmed that passive
design strategies and material selection played a
decisive role in improving the energy
performance of buildings in hot and dry climates.
The results showed that energy efficiency

depended on the integrated behavior of form,
envelope, glazing, shading, and thermal mass
than on isolated design elements. A compact
square form reduced exposure to the external
environment and supported a more efficient
thermal response. At the same time, the
substantial effect of shading devices revealed
that solar control was one of the most critical
design priorities in Kashan’s climate.

The study also demonstrated that envelope
materials must be selected according to local
climatic logic. In particular, the best glazing
solution was not necessarily the one with the
highest insulating capability, but the one that
balanced thermal resistance with solar gain.
Likewise, the strong performance of light-
colored and reflective roof and wall surfaces
confirmed the value of reducing solar absorption
in hot regions. These findings are consistent with
the principles of climate-responsive architecture
and show that modern simulation tools can
effectively quantify their performance.

From a practical perspective, the reduction of
annual energy use by 37.2% has important
implications for the university and institutional
buildings. Lower energy demand means reduced
operating costs, improved environmental
performance, and lower emissions associated
with building operation. The proposed strategies
are also feasible from an architectural standpoint
and can be applied in the design of similar
buildings in arid regions. Therefore, the study
provides both technical evidence and design
guidance for architects, engineers, and planners
seeking to improve building performance in hot
and dry climates.

In conclusion, the research shows that the careful
selection of materials and passive design
measures can substantially improve energy
management in the university service building in
Kashan. The combined application of a compact
form, optimized glazing, effective shading,
insulated and reflective envelope assemblies, and
suitable interior partitions reduced the building’s
energy consumption from 267.22 to 167.81
kwh/m2year. This result highlights the
importance of integrated passive design in
sustainable building practice and supports its use
as a practical strategy for energy-efficient
development in hot and dry regions.
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