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Spatial Analysis of the Effect of Urban Climatic Characteristics on
the Indoor Air Quality of Zero Energy Buildings Using GIS, Remote
Sensing Data, and Modeling in DesignBuilder Software: A Case
Study of Janbazan Neighborhood, Semnan City

Abstract

Achieving urban net-zero energy status has become a strategic goal for sustainable development, particularly in cities
located within hot and dry climatic zones where energy demand for cooling is intense and natural resources are
limited. This research investigates effective planning approaches for transitioning the city of Semnan, Iran, toward a
net-zero energy urban model by emphasizing the potential of solar energy utilization. The study analyzes climatic
characteristics, urban morphology, and energy consumption patterns in Semnan to identify opportunities for
renewable energy integration and reduction of carbon footprint. Using GIS-based solar radiation analysis, building
energy simulations, and spatial planning frameworks, the research evaluates available rooftop and urban land
surfaces for photovoltaic and solar-thermal systems installation. Additionally, the study explores passive design
strategies compatible with the local climate—such as advanced insulation, reflective materials, and optimized
building orientation—to minimize overall energy demand. The results highlight that Semnan receives high solar
insolation throughout the year, offering a robust foundation for decentralized clean energy generation. Implementing
a coordinated policy framework combining technological innovation, community participation, and financial
incentives can accelerate the city’s progress toward net-zero objectives. Ultimately, the findings propose an
integrative model of urban planning that aligns climatic responsiveness, renewable energy utilization, and sustainable
development principles. This model can serve as a replicable blueprint for other hot and dry Iranian cities aspiring to
The expansion of urbanization and the achieve energy independence and resilience against climate change impacts.
development of dense buildings in Iran’s hot and arid climates have led to increased energy consumption and
reduced indoor air quality. Zero Energy Buildings (ZEBs) are considered an innovative solution in sustainable
architecture, designed to reduce energy loss and enhance environmental quality. This research aims to analyze the
effect of urban climatic characteristics on the indoor air quality of Zero Energy Buildings by combining numerical

In this study, Landsat A and Sentinel-oP satellite data were processed to extract Land modeling and spatial analysis.

Surface Temperature (LST), solar radiation, and the concentrations of NOv\text{NO}_yNO¥ and
PMy o\text{PM}_{¥.0}PMv s pollutants, which were then integrated within a GIS environment. Subsequently, the

climatic and building data of the Janbazan neighborhood in Semnan city were input into the DesignBuilder software
to simulate parameters such as temperature, relative humidity, ventilation rate, and COv\text{CO} yCOv

The results indicated that in areas with higher LST and greater concentration within the Zero Energy Buildings.
building density, the average indoor temperature and COv\text{CO}_yCOv concentration increased, while natural

ventilation decreased. A positive correlation between solar radiation and indoor temperature demonstrates that urban
climatic features play a decisive role in the thermal performance of Zero Energy Buildings. The integration of remote
sensing, GIS, and energy modeling in DesignBuilder provides an efficient approach for climate-driven urban
planning and improving indoor air quality in hot and arid regions. he proposed framework not only enhances energy
efficiency but also promotes socio-economic stability through local renewable energy industries and green job
creation. By positioning Semnan as a pioneer in solar-based urban planning, this study paves the way for Iran’s
broader transition toward sustainable, climate-adaptive, and net-zero urban futures.

Keywords: Geographic Information System (GIS), Remote Sensing, Indoor Air Quality of Zero Energy
Buildings, DesignBuilder Software, Land Surface Temperature (LST).



