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Managing and reducing energy consumption in residential buildings located in
hot-dry climates is a fundamental requirement for sustainable urban
development. This study aims to evaluate and optimize the energy performance
of the building envelope by modifying its materials and physical components. A
typical residential building in District 4 of Isfahan was selected as a
representative case of prevailing construction practices. Thermal modeling and
building energy simulations were conducted using specialized simulation
software. To accurately assess the energy-saving potential, reductions in energy
consumption were classified into two categories: methodological reductions and
reductions resulting from physical envelope interventions. The results indicated
that refining the model’s thermal zoning by realistically representing common
and occupied spaces reduced the calculated annual energy use intensity from
137.45 to 104.50 kWh/mz2-year, corresponding to a 23.97% methodological
reduction. Subsequently, the implementation of envelope optimization
scenarios—including intermediate insulation of external walls, the application of
a reflective cool roof, lightweight internal walls, and triple-glazed windows—
further reduced annual energy use intensity to 96.64 kWh/m2-year, representing
an actual reduction of 7.52% relative to the revised baseline model. Moreover,
integrating the optimized envelope with active solar systems—namely,
photovoltaic panels installed at an optimal tilt angle of 38° and a solar water-
heating system—reduced the final annual energy use intensity to 90.80 and
85.10 kWh/m2-year, respectively. Ultimately, the optimized model achieved
Energy Class B in accordance with the requirements of Part 19 of the Iranian
National Building Regulations. The findings provide prioritized passive
envelope design strategies and active solar solutions for developing low-energy
residential building models in hot-dry climates.
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Introduction

Energy management in residential buildings is a key requirement for improving energy efficiency and
supporting sustainable development, particularly in hot and dry climates where high solar radiation,
low humidity, and large diurnal temperature swings intensify annual cooling and heating demands. In
such conditions, the building envelope plays a dominant role in controlling conductive heat transfer
through opaque components and solar heat gains through glazing. Therefore, the selection and


https://ses.ut.ac.ir/
mailto:z.setayeshkhah@grad.kashanu.ac.ir
mailto:sheikhz@kashanu.ac.ir
mailto:j.divandari@kashanu.ac.ir
https://doi.org/10.22059/ses.2026.413177.1231
https://doi.org/10.22059/ses.2026.413177.1231
https://orcid.org/0009-0004-1274-8785
https://orcid.org/0000-0002-7874-9981
https://orcid.org/0000-0002-5029-7215
https://orcid.org/0009-0004-1274-8785
https://orcid.org/0000-0002-7874-9981
https://orcid.org/0000-0002-5029-7215
https://orcid.org/0009-0004-1274-8785
https://orcid.org/0000-0002-7874-9981
https://orcid.org/0000-0002-5029-7215
https://orcid.org/0009-0004-1274-8785
https://orcid.org/0000-0002-7874-9981
https://orcid.org/0000-0002-5029-7215
https://orcid.org/0009-0004-1274-8785
https://orcid.org/0000-0002-7874-9981
https://orcid.org/0000-0002-5029-7215

810 Journal of Sustainable Energy Systems, Volume 5, Issue 4, 2026

configuration of building materials—especially for external walls, roofs, floors, and windows—can
substantially influence annual energy consumption. In Isfahan, a major city located in Iran’s hot and
dry climatic zone, a large share of the existing residential stock follows common construction
practices that are not always optimized for climate-responsive performance. This study aims to
quantify, in a step-by-step and comparable manner, the role of envelope material selection and passive
envelope design strategies in optimizing annual energy consumption for a typical residential building
in District 4 of Isfahan, and to assess the resulting performance against the classification criteria of
Iran’s National Building Regulations, Topic 19.

Materials and Methods

A typical residential building representing prevailing design patterns and common plot dimensions in
District 4 of Isfahan was selected to provide a reliable baseline for scenario comparison. The building
was defined on a 10 x 20 m plot with 60% site coverage. A baseline energy model was developed in
DesignBuilder using the EnergyPlus simulation engine to calculate annual energy use intensity
(kWh/mz2-year). Climatic conditions of Isfahan were considered through standard weather data to
support climate-responsive decisions for envelope strategies. To ensure reliability of the simulation
environment and workflow, model validation was performed following ASHRAE Standard 140 (Case
600), and key outputs (annual heating and cooling loads and peak demands) were checked against
reference values. After establishing the baseline, a sequential parametric analysis was conducted. In
each step, one parameter was modified while other conditions were kept constant to isolate the net
effect of that measure. The evaluated measures included internal zoning refinement, window/opening
definition, external wall insulation configurations (including alternative insulation placements), roof
assemblies with different surface finishes (including a reflective option), floor construction with
thermal insulation, internal wall alternatives, shading design based on solar geometry, and window
component upgrades (frame and glazing types). In addition, two renewable-energy options (solar
domestic hot water and rooftop photovoltaic panels) were assessed as complementary measures. The
baseline and each scenario were compared using annual energy consumption per unit floor area as the
main indicator.

Results

The baseline model showed an annual energy consumption of 137.45 kWh/m2-year. Stepwise
improvements in envelope materials and passive design measures produced measurable reductions,
and the final optimized configuration reduced annual energy consumption to 96.21 kWh/m?-year,
corresponding to an approximate 30% reduction relative to the baseline. Among the opaque envelope
measures, external wall improvement was one of the most influential interventions. In particular,
placing thermal insulation within the mid-layer of the external wall assembly resulted in the best
performance among the tested wall options, indicating that insulation location (not only thickness or
material) affects dynamic heat transfer and the effective use of thermal mass. Roof optimization also
had a strong impact in the hot and dry context. A roof configuration with a higher-reflectance exterior
finish outperformed a conventional ceramic-finished roof by lowering solar heat absorption and
reducing cooling demand during warm periods, which improved the annual energy balance. Floor
insulation contributed additional savings by reducing heat transfer between indoor spaces and the
ground/contact surfaces.

Transparent elements and solar control strategies further improved performance. The inclusion of
shading devices designed according to critical solar angles for south-facing openings reduced direct
solar gains during peak radiation periods and helped lower cooling loads without compromising basic
daylight access. Upgrading window systems—through improved frame selection and high-
performance glazing—decreased both unwanted summer heat gains and winter heat losses, supporting
year-round efficiency. Internal wall alternatives exhibited a smaller but still noticeable effect, mainly
through changes in heat storage and intra-building heat transfer. Finally, renewable-energy scenarios
showed that the solar domestic hot water system produced a direct reduction in energy demand
associated with hot water preparation, while photovoltaic panels provided additional reduction through
on-site electricity generation; in the studied configuration, solar water heating yielded a more
pronounced impact on total annual energy use than photovoltaics alone.
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Discussion and Conclusion

The results confirm that energy optimization in Isfahan’s hot and dry climate is primarily driven by
envelope-based decisions and material selection, implemented within a climate-responsive design
logic. The observed reduction from 137.45 to 96.21 kWh/m2-year demonstrates that substantial
savings can be achieved through a coordinated set of passive and material-focused measures rather
than relying exclusively on active mechanical upgrades. The superiority of mid-layer wall insulation
highlights an important design implication: the placement of insulation can enhance the interaction
between thermal mass and indoor temperature stability, improving performance beyond what is
expected from nominal resistance alone. Similarly, reflective roof finishes are highly effective in
climates with intense solar radiation, making them a practical strategy for reducing cooling loads.
Improvements in glazing and shading are essential complements, because uncontrolled solar gains
through windows can offset gains achieved in opaque elements. Based on Iran’s National Building
Regulations (Topic 19), the optimized design achieves energy class B, indicating that compliance-
oriented envelope optimization can deliver meaningful performance improvements in typical
residential buildings. Overall, the findings provide a quantitative basis for designers and decision-
makers to prioritize envelope material strategies for similar residential projects in hot and dry regions,
and they support the combined use of passive measures and selected renewable-energy systems to
further improve building energy performance.
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