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Abstract:

This study aimed to evaluate the effects of implementing Part 19 of Iran’s National Building Regulations on the thermal performance of
architectural envelopes and fossil energy consumption in residential buildings constructed in Tehran during the 2000s and 2010s. This applied
study adopted a descriptive—analytical, quantitative, and comparative design. The study population comprised multistory residential buildings
in Tehran, from which six buildings representing the two construction periods were selected through purposive stratified sampling. The cases
were comparable in terms of residential use, climatic conditions, floor area, and number of stories. Data were collected through documentary
analysis, field observations, and assessment of building-envelope thermal-performance indicators. The evaluated variables included wall and
roof U-values, window-to-wall ratio, insulation type and thickness, glazing and frame type, air infiltration, heating and cooling loads, and
annual energy consumption. DesignBuilder and Climate Consultant were used to model and compare each building under three scenarios: a
conventional baseline, the existing envelope condition, and an optimized condition incorporating improved insulation, high-performance
glazing, shading systems, and more efficient building services. Comparative simulation results indicated that existing envelope strategies
reduced annual energy consumption by approximately 20% to 47% relative to the conventional baseline. Under the optimized scenarios, the
estimated reduction increased to approximately 49%-61%. The Jamaran Building, characterized by a detached brick screen, extensive
vegetation, and double-glazed windows, demonstrated the strongest existing performance and the greatest optimization potential. Buildings
constructed more recently generally exhibited lower thermal transmittance, better-controlled window-to-wall ratios, greater use of insulation
and double glazing, and higher compliance with Part 19 requirements. Nevertheless, no formal inferential statistical tests, confidence
intervals, or probability values were reported; therefore, these findings represent comparative inferences derived from energy simulations
rather than statistical hypothesis testing. Part 19 provides an essential regulatory basis for reducing fossil energy use in residential buildings;
however, its effectiveness depends on integrated climate-responsive envelope design, rigorous construction supervision, and performance-
oriented implementation beyond minimum regulatory compliance.
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Extended Abstract

Introduction

The rapid expansion of urbanization, residential construction, and dependence on mechanical heating and cooling systems
has made energy consumption in buildings a major environmental, economic, and architectural concern. Buildings account for
a substantial proportion of final energy use because energy is continuously required for space heating, cooling, ventilation,
lighting, and domestic hot water throughout their long operational life. International evidence indicates that the building sector
is among the largest energy-consuming sectors and, therefore, represents a critical domain for reducing fossil-fuel dependence
and greenhouse-gas emissions (1). In Iran, the problem is intensified by energy-intensive construction practices, inadequate
thermal insulation, inefficient openings, insufficient attention to climatic design, and historically low energy prices.
Consequently, improving the energy performance of residential buildings is essential not only for lowering operational costs
but also for enhancing national energy security, reducing environmental degradation, and supporting sustainable urban
development.

The architectural envelope constitutes the primary interface between indoor spaces and the external environment. External
walls, roofs, floors, windows, doors, shading devices, and intermediate facade layers regulate heat transfer, solar radiation,
airflow, moisture, and daylight. Their thermal performance is determined by factors such as thermal transmittance, thermal
resistance, heat capacity, time lag, decrement factor, air infiltration, glazing properties, and construction quality (2). Research
has demonstrated that the thickness, density, thermal mass, and arrangement of envelope layers substantially influence the
timing and intensity of heat transfer into indoor spaces (13). The design of residential building envelopes, particularly insulation
placement, glazing characteristics, and the proportion of transparent to opaque surfaces, can therefore significantly alter heating
and cooling demands (14). An inefficient envelope increases indoor temperature fluctuations and mechanical energy
requirements, whereas a well-designed envelope moderates external climatic effects and supports stable indoor conditions.

Climate-responsive architecture seeks to reduce mechanical energy demand through passive design strategies before active
technologies are introduced. Appropriate building orientation, controlled window-to-wall ratios, thermal mass, solar shading,
natural ventilation, and climate-compatible materials can improve indoor comfort while limiting energy consumption. Climatic
design principles emphasize that architectural decisions should respond directly to local temperature, solar radiation, wind, and

humidity conditions (3). Bioclimatic design similarly conceptualizes the envelope as an adaptive mediator between the building
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and its climatic context (4). These principles are particularly relevant to Iran, where climatic diversity requires differentiated
architectural responses rather than standardized fagade solutions (5). Energy efficiency must consequently be integrated into
building form, spatial organization, material selection, and construction details rather than treated as a supplementary technical
consideration (6). High-performance architecture also requires the coordination of passive strategies, efficient materials,
mechanical systems, and operational management (7).

Part 19 of Iran’s National Building Regulations was developed as the principal regulatory framework for reducing energy
consumption in buildings. It establishes requirements for the thermal resistance of opaque components, insulation continuity,
glazing and frame performance, air-infiltration control, and the efficiency of mechanical systems. The national envelope-design
guideline further stresses the importance of calculating thermal properties, preventing thermal bridges, selecting appropriate
materials, and supervising construction details (8). International technical guidance likewise recommends evaluating energy
performance through measurable indicators such as envelope transmittance, infiltration, heating and cooling loads, energy-use
intensity, and indoor comfort conditions (9). Research on residential buildings in Tehran has shown that implementing national
regulations can reduce energy use, although the magnitude of improvement depends on the quality of design, construction, and
supervision (10). Envelope-performance analyses have also indicated that formal compliance does not necessarily guarantee
actual efficiency when insulation, openings, and thermal connections are inadequately executed (11). Comparative evidence
suggests that buildings constructed after the wider implementation of Part 19 generally employ more insulation and higher-
performance windows, although significant differences persist among individual projects (12).

Passive facade systems, including double-skin facades, perforated brick screens, deep balconies, movable shading devices,
and vegetated envelopes, offer additional opportunities for reducing energy demand. Studies conducted in Tehran have
demonstrated that properly designed double-skin facades can moderate solar gains and improve thermal performance by
creating a ventilated intermediate layer (17). The number, configuration, and physical properties of internal and external facade
layers can substantially influence total energy consumption (18). Similar findings have supported the application of double-
skin envelopes in Iran’s hot and dry climatic regions, provided that cavity ventilation and solar control are appropriately
designed (19). Comparisons of lamella and glazed double-skin fagades further show that facade efficiency depends on climate,
orientation, ventilation, and operational conditions rather than facade type alone (20). Low-energy housing consequently
requires a coordinated combination of insulation, efficient openings, shading, and passive environmental control (15). Thermal-
comfort criteria must also be incorporated into energy evaluations to prevent reductions in energy use from compromising
indoor environmental quality (16). Finally, renewable-energy technologies are most effective when integrated into buildings
whose initial energy demand has already been reduced through envelope optimization and climate-responsive design (21).
Adgainst this background, the present study evaluated the effects of implementing Part 19 on architectural-envelope performance
and fossil energy consumption by comparing selected residential buildings constructed in Tehran during the 2000s and 2010s.

Methods and Materials

This applied study employed a descriptive-analytical, quantitative, and comparative research design. The study setting was
Tehran, which was selected because of its extensive residential construction, high building-sector energy demand, climatic
conditions, and influence on national construction practices. The study population consisted of multistory residential buildings
constructed during the two selected periods. Six buildings were selected through purposive stratified sampling, including three

representative cases from each period. The selected buildings were exclusively residential and were considered broadly
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comparable in terms of climatic exposure, approximate scale, floor area, and number of stories. The six cases were the Elahiyeh,
Saba, Andarzgoo, Jamaran, Zendegi, and Kahrizak buildings.

Data were collected through documentary review, field observations, examination of architectural characteristics, and
energy simulation. Envelope-performance indicators included the thermal transmittance of external walls and roofs, window-
to-wall ratio, insulation type and thickness, glazing type, window-frame material, estimated air infiltration, and the presence of
shading, intermediate facade layers, vegetation, balconies, or other passive strategies. Energy indicators comprised annual
heating demand, annual cooling demand, total annual energy consumption, and energy use per unit of floor area. Compliance
with Part 19 was classified as complete compliance, partial compliance, or noncompliance according to the extent to which
envelope-related thermal requirements had been incorporated into each building.

Energy performance was evaluated using DesignBuilder, supported by climatic analysis through Climate Consultant. Three
scenarios were developed for each case. The baseline scenario represented a conventional Tehran residential building with
limited or no thermal insulation, standard openings, and no effective passive facade strategy. The existing scenario reproduced
the actual architectural-envelope characteristics of each selected building. The optimized scenario retained the architectural
identity of the building while incorporating feasible improvements, including continuous thermal insulation, low-emissivity or
higher-performance glazing, improved airtightness, more efficient mechanical systems, thermostatic controls, and, where
appropriate, solar-energy systems. The annual energy consumption of the existing and optimized scenarios was compared with
that of the baseline scenario, and the percentage reduction in energy consumption was calculated for each building.

Findings

The comparative simulations revealed substantial differences among the six buildings. Baseline annual energy consumption
ranged from 267 to 288 kWh/m2, indicating broadly similar conventional energy demands under the climatic and functional
conditions considered. In the existing scenarios, annual energy consumption ranged from 142 to 230 kWh/mz2. Across all six
cases, the mean baseline consumption was approximately 274.8 kWh/mz2, whereas mean consumption under the existing
conditions was approximately 180.5 kWh/m2. Thus, the architectural-envelope strategies already incorporated into the selected
buildings produced an average reduction of approximately 34.4% relative to the baseline.

The Elahiyeh Building had a baseline consumption of 288 kWh/m2 and an existing consumption of 230 kWh/mz2,
representing a 20% reduction. Its climate-responsive daylighting and natural ventilation provided some benefit, but the absence
of comprehensive insulation and advanced envelope components limited its performance. Under the optimized scenario,
consumption decreased to 144 kWh/mz2, corresponding to a 50% reduction from the baseline. The Saba Building reduced
consumption from 270 to 188 kWh/mz2, or approximately 30%, through a movable wooden double-skin facade, double glazing,
and locally appropriate materials. The optimized scenario reduced its annual consumption to 137 kWh/m2, equivalent to a 49%
reduction.

The Andarzgoo Building achieved a decrease from approximately 270 to 155 kWh/mz?, corresponding to a 42.6% reduction.
Its relatively strong performance was associated with movable wooden shutters, facade materials with favorable solar-response
characteristics, and spatial arrangements supporting controlled daylight. After comprehensive insulation and mechanical-
system improvements, its annual energy use was estimated at approximately 112 kWh/mz2, representing an optimization
potential of about 58.5%. The Kahrizak Building reduced consumption from 280 to 209 kWh/m2, or approximately 25%.
Perforated brick screens and hollow clay bricks provided shading and moderate thermal protection despite budgetary
limitations. Adding complete insulation, low-emissivity double glazing, and supplementary energy improvements reduced its

simulated consumption to 141 kWh/m?, representing a 50% reduction.
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The Zendegi Building reduced annual consumption from 274 to 159 kWh/m2, equivalent to approximately 42%. Deep
balconies, semi-open residential spaces, optimized openings, and double-glazed windows limited direct solar exposure and
supported natural ventilation. Its optimized consumption was estimated at 115 kWh/mz2, indicating a 58% reduction relative to
the baseline. The Jamaran Building demonstrated the best existing performance. Its annual consumption decreased from 267
to 142 kWh/m?, representing a 47% reduction. A detached perforated brick layer, extensive vegetation, double-glazed windows,
shading, cavity ventilation, and evaporative cooling from plants contributed to this result. Under the optimized scenario, its
annual consumption declined to approximately 103 kWh/mz, corresponding to a 61% reduction, the highest among the cases.

Overall, the optimized scenarios produced annual consumption values ranging from 103 to 144 kWh/mz2, with a mean of
approximately 125.3 kWh/m2. The average potential reduction relative to the baseline was approximately 54.4%. Buildings
from the more recent construction period generally showed lower thermal transmittance, more frequent use of insulation, more
controlled window-to-wall ratios, and greater use of double glazing and passive facade strategies. Nevertheless, compliance
remained incomplete in several cases, particularly in relation to insulation continuity, window performance, thermal bridging,
and the coordination of envelope and mechanical systems.

Discussion and Conclusion

The findings demonstrate that architectural-envelope design has a decisive effect on fossil energy consumption in residential
buildings. The range of reductions observed under existing conditions indicates that passive architectural measures can
substantially improve energy performance even before comprehensive technical optimization is undertaken. However, the
differences among the buildings also show that the presence of a single energy-efficient feature is insufficient. The strongest
results emerged where several compatible measures—including shading, cavity ventilation, vegetation, thermal mass, efficient
glazing, and controlled openings—worked together as an integrated environmental system.

The superior performance of the Jamaran Building illustrates the potential of combining a ventilated secondary skin with
vegetation and efficient openings. The relatively strong results for the Andarzgoo and Zendegi buildings similarly demonstrate
the value of movable shading and deep semi-open spaces. By contrast, the Saba Building showed that a double-skin facade
cannot achieve its full potential when the main wall remains insufficiently insulated. The Elahiyeh Building demonstrated that
daylighting and natural ventilation, although valuable, must be complemented by appropriate insulation and glazing. The
Kahrizak case showed that locally available materials and low-cost shading devices can generate meaningful savings, making
energy-efficient design relevant to economically constrained construction contexts.

The comparison between construction periods suggests that the wider implementation of Part 19 has contributed to improved
envelope performance. More recent buildings generally incorporated better windows, insulation, and climatic-control
strategies. Nevertheless, the results reveal a continuing gap between regulatory objectives and construction practice. In many
buildings, compliance appears to have been approached as a minimum administrative requirement rather than as a
comprehensive performance target. The substantial additional reductions achieved in the optimized scenarios confirm that
existing buildings retain considerable unrealized energy-saving potential.

It can therefore be concluded that Part 19 provides an essential but insufficient framework for reducing fossil energy
consumption in Tehran’s residential buildings. Its effectiveness depends on integrating climatic design, technical calculations,
material selection, construction supervision, and post-occupancy performance assessment. Transitioning from document-based
compliance to performance-based regulation would allow actual or simulated energy outcomes to become the principal criterion
of success. Comprehensive envelope optimization, combined with efficient mechanical systems and context-sensitive passive

design, could reduce annual energy consumption by more than half in many residential buildings. Sustainable energy
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performance in Tehran consequently requires architects, engineers, contractors, regulators, and building owners to treat the

envelope as an integrated environmental system rather than merely as an external architectural surface.
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