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Abstract

Rapid urbanization, the expansion of urban construction, and the increasing consumption of fossil fuels in recent decades have
intensified air pollution and reduced environmental quality in major Iranian cities. Mashhad, as the second-largest metropolis
in the country, faces serious air pollution challenges due to its semi-arid climate, population growth, concentration of urban
activities, and the occurrence of temperature inversion. In this context, buildings account for a significant share of energy
consumption and the production of air pollutants, and therefore can play a decisive role in either exacerbating or reducing
pollution.

The present study aims to investigate the role of green buildings in reducing air pollution in the city of Mashhad. The research
method is descriptive—analytical and comparative in nature. The statistical population consists of 60 buildings in Mashhad,
including 30 buildings designed based on green building principles and 30 conventional buildings. Data related to five major
pollutants, including PM2.5, PM10, CO, NO:, and SO:, were collected from the Environmental Protection Organization of
Razavi Khorasan for the year 2024. Data analysis was conducted using SPSS software.

The results indicated that the average concentration of pollutants in green buildings was approximately 30 percent lower than
that in conventional buildings. These findings highlight the significant role of green design in reducing air pollution, improving
environmental quality, and promoting urban sustainability in the metropolis of Mashhad. The results of this study can serve as
a basis for urban policy-making, the development of design regulations, and the promotion of sustainable architecture in
similar climatic regions.

Keywords: Green Buildings, Air Pollution, Environmental Sustainability, Energy, Climatic Design
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Assessing the Impact of Green Buildings on Urban Air Pollution in Mashhad

Extended Abstract

Introduction

Air pollution has become one of the most pressing environmental and public health challenges of contemporary urban life,
particularly in rapidly growing metropolitan areas where construction activities, energy consumption, and transportation
networks continue to expand. In many cities of Iran, the deteriorating quality of air is no longer a temporary or seasonal
concern but a persistent structural problem that affects human health, environmental sustainability, and urban livability. Among
these cities, Mashhad holds a particularly important position. As the second-largest metropolitan area in Iran, Mashhad
experiences intense demographic pressure, extensive urban development, and significant environmental stress. Its semi-arid
climate, frequent temperature inversions, and concentration of urban functions intensify the accumulation of airborne
pollutants and worsen overall air quality.

In this context, buildings are not merely passive physical structures; they are major consumers of energy and significant
contributors to atmospheric emissions through construction materials, heating and cooling systems, lighting, ventilation, and
the broader patterns of urban land use they create. Accordingly, the way buildings are designed, built, and operated can either
intensify environmental degradation or support pollution mitigation. Green buildings, with their emphasis on energy efficiency,
environmental compatibility, reduced resource consumption, and healthier indoor and outdoor conditions, have emerged as a
potentially effective response to urban pollution challenges. The present study is important because it links architectural design
to environmental outcomes and examines whether green building principles can produce measurable improvements in urban
air quality.

Problem Statement and Objectives

Despite the growing global emphasis on sustainable architecture, there remains a practical and empirical gap in understanding
how much green building design can actually reduce pollution in real urban settings, especially in cities with harsh climatic
conditions and severe environmental pressure such as Mashhad. While theoretical arguments suggest that green buildings
should reduce energy use and emissions, local evidence is necessary to determine whether these claims hold in practice and to
what extent they can be generalized to urban policy and planning. The main problem addressed in this study is therefore the
lack of sufficient empirical evidence on the effectiveness of green buildings in reducing air pollution in Mashhad.

The primary objective of the study is to investigate the effect of green buildings on reducing air pollution in Mashhad. More
specifically, the research aims to compare pollutant concentrations in green and conventional buildings in order to assess
whether buildings designed according to green principles contribute to lower environmental pollution. In doing so, the study
seeks to provide evidence that can support urban sustainability policies, inform building regulations, and encourage the wider
adoption of environmentally responsible architectural design in Iranian cities.

Theoretical Framework

The theoretical foundation of the study rests on the idea that the built environment is an active component of urban ecological
systems and that architectural decisions have direct and indirect consequences for environmental quality. Within this
framework, buildings are understood as both energy-consuming and emission-influencing units. Traditional construction
patterns often rely on high-energy systems, inefficient material use, and poor environmental integration, all of which can
increase greenhouse gas emissions and local air pollutants. By contrast, green buildings are designed to minimize negative

environmental impacts through efficient energy use, better material selection, improved thermal performance, natural
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ventilation, reduced dependence on fossil-fuel-based systems, and more sustainable interactions with the surrounding
environment.

This study is also informed by sustainable development thinking, which emphasizes the balance between economic growth,
social well-being, and environmental protection. Green buildings are seen as practical tools for achieving this balance because
they can reduce energy demand while improving indoor comfort and contributing to cleaner urban air. From this perspective,
architecture is not only a matter of form and function but also a strategic environmental intervention. The study implicitly
assumes that if a significant difference exists between pollutant levels around green buildings and conventional ones, then
building design can be recognized as an important factor in urban pollution management.

Methodology

The research adopted a descriptive-analytical and comparative approach. This methodological design was appropriate because
the study aimed not only to describe the environmental situation but also to compare two types of buildings and identify
differences in pollutant concentrations. The statistical population consisted of 60 buildings in Mashhad, divided into two equal
groups: 30 green buildings and 30 conventional buildings. The classification of buildings into these two categories was based
on the presence or absence of green design indicators.

The data used in the study were collected from the Environmental Protection Organization of Khorasan Razavi for the year
1403. Five major air pollutants were selected as indicators of environmental quality: PM2.5, PM10, CO, NO-, and SO:. These
pollutants were chosen because they represent key dimensions of urban air contamination and are widely used in
environmental health and air-quality assessments. The analysis of the collected data was performed using SPSS software.
Through comparative statistical analysis, the study examined whether the mean concentration of pollutants differed between
green and conventional buildings and whether those differences were significant enough to support the research hypothesis.
Main Findings

The results of the study showed a clear and meaningful difference between the two groups of buildings. On average, pollutant
concentrations in green buildings were about 30 percent lower than in conventional buildings. This finding indicates that green
building design is associated with lower levels of air pollution and better environmental performance. The reduction was
observed across the measured pollutants, suggesting that the influence of green architecture is not limited to a single pollutant
type but extends to the broader quality of the air environment.

This quantitative result is highly significant because it demonstrates that green design principles can produce practical
environmental benefits rather than remaining only conceptual or symbolic. The findings suggest that green buildings contribute
to cleaner air conditions by lowering energy consumption, reducing emission-generating processes, and creating more
environmentally efficient built environments. In a city such as Mashhad, where climatic pressures and urban density already
create unfavorable conditions, even a 30 percent reduction in pollutant concentration represents an important improvement in
environmental quality.

Interpretation and Implications of the Research

The findings of the study have several important implications. First, they confirm that green building design should be viewed
not only as a strategy for saving energy or improving aesthetics but also as a concrete mechanism for pollution reduction. This
shifts the role of architecture from a purely technical or visual discipline to a strategic environmental policy tool. Second, the
results imply that urban pollution management should not be limited to transport regulation, industrial control, or fuel policy;
rather, it should also include building design and construction standards as part of a comprehensive environmental framework.
The study also has important implications for urban planning in Mashhad and in other cities with similar climatic and

environmental conditions. If green buildings consistently produce lower pollutant levels, then encouraging their construction
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through incentives, standards, and regulatory support can contribute to long-term urban sustainability. The evidence provided
by this study can help policymakers justify stronger requirements for energy-efficient materials, climate-sensitive design,«
improved ventilation systems, and broader green certification practices. In addition, the findings may support public awareness
of the environmental value of green buildings and increase demand for sustainable construction among developers, institutions,
and residents.

From a theoretical standpoint, the research reinforces the idea that environmental quality is shaped not only by macro-level
policies but also by micro-level spatial and architectural decisions. Buildings function as nodes in urban ecological systems,
and their design affects energy use, emissions, and the quality of the surrounding atmosphere. Therefore, the study contributes
to a more integrated understanding of urban sustainability, one in which architecture is directly linked to public health and
environmental performance.

Conclusion

In conclusion, the present study demonstrates that green buildings have a measurable and positive effect on reducing air
pollution in Mashhad. By comparing 30 green buildings and 30 conventional buildings, the research found that pollutant
concentrations in green buildings were approximately 30 percent lower. This result provides strong empirical support for the
environmental value of green architecture and confirms that building design can play an important role in improving urban air
quality.

The study concludes that green building principles should be more widely adopted in urban development, particularly in cities
facing severe air pollution and climatic stress. The findings can inform urban policymaking, building regulations, sustainable
design strategies, and environmental management practices in Mashhad and in other cities with similar conditions. Ultimately,
the research shows that green buildings are not only a response to energy efficiency concerns but also a meaningful
intervention for reducing pollution and enhancing the sustainability of urban life.
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