Journal of Remote Sensing and GIS
Applications
in Environmental Sciences

rsgi.tabrizu.ac.ir B, w8

Identification and Evaluation of Optimum Sites for Construction

Marziyeh Esmaeilpour'™

Waste Landfill in Bukan

, Manijeh Lalehpour?.%’, Chia Najari®

1. Corresponding Author, Associate Professor, Geography and Urban Planning, University of Maragheh, Maragheh, Iran.
E-mail: s.esmaeilpour@gmail.com

2. Associate Professor,
m.lalepour@gmail.com

Geography and Urban Planning, University of Maragheh, Maragheh, Iran. E-mail:

3. MA in Geography and Urban Planning, University of Maragheh, Maragheh, Iran. E-mail: chia.nadjari@gmail.com

Article Info

ABSTRACT

Article type:

Research Article

Article history:

Received: 21 July 2025
Revised: 28 December 2025
Accepted: 1 February 2026
Published: 29 April 2026

Keywords:
Construction waste,
site selection,
geographic information
system,

Fuzzy logic,

Bukan.

Objective: In the twentieth century, rapid urbanization and population growth led to
increased construction, resulting in large volumes of construction waste and significant
environmental challenges. Bukan County, due to its rapid spatial and physical
development, has become one of the regions with a high volume of such waste, making it
an ideal study area for identifying suitable construction waste disposal sites. The primary
aim of this study is to minimize environmental impacts, improve public health, and
optimize resource use through data-driven decision-making based on spatial analysis.
Methods: In this study, the criteria for site selection include surface and groundwater
resources, proximity to roads, rivers, urban and rural settlements, vegetation cover, land
use, soil type, geology, slope, and elevation. These criteria were standardized using fuzzy
logic functions and then integrated through the fuzzy gamma operator to generate a final
land suitability map for construction waste disposal.

Results: The results show that the fuzzy values fall within a low range, highlighting
significant limitations in finding suitable disposal sites within Bukan County. No area in
the region fully meets the ideal criteria for site selection, with factors such as unfavorable
topography and limited access to transportation networks being the primary challenges.
However, by modification of the initial strict criteria and adopting a more flexible
approach, three potential sites were identified as optimal options. These sites were selected
based on their environmental advantages, accessibility, and reduced transportation costs.
Conclusions: This study provides a practical, low-risk decision-support tool for local
policymakers in managing construction waste.
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Introduction

In recent years, rapid population growth, industrialization, excessive urbanization, increasing diversity in solid
waste, and poor waste management practices have been major contributors to the growing volume of solid waste
and environmental degradation. Developing countries face significant challenges in selecting and managing
waste disposal sites due to factors such as urban expansion, changes in land use, and waste mismanagement
(Zarrin et al., 2021). The construction sector, in particular, is a significant source of environmental pollution,
leading to land use changes, surface water contamination, greenhouse gas emissions, dust, and the accumulation
of construction and demolition waste (Araiza-Aguilar, 2019). Construction waste, which arises from
construction, renovation, and demolition activities, includes inert and non-neutral materials such as concrete,
steel, wood, and glass. These wastes not only degrade the environment but also consume valuable landfill space
and can result in geological hazards, requiring careful management (Lu et al., 2021). Landfills are a crucial
component of waste management systems, which encompass waste reduction, reuse, recycling, composting, and
ultimately, landfilling. Selecting optimum disposal sites is one of the most critical and challenging steps in waste
management (Zarrin et al., 2021). Choosing a landfill site involves ensuring that waste is disposed of in a safe
and environmentally responsible manner, minimizing risks to public health and the environment while
accommodating the needs of the local community (Arabeyyat et al., 2024).

This study aims at identifying optimal sites for construction waste disposal in Bukan City. Using fuzzy logic
integrated within a Geographic Information System (GIS), the study overlays various thematic layers to
determine suitable locations for construction waste landfills in Bukan County.

Materials and Methods

Construction waste is an increasing global concern, and managing it through a circular economy approach
requires decision-making tools that evaluate multiple criteria for identifying the most suitable disposal sites
(Soto-Paz et al., 2023). Commonly selected criteria for site evaluation include elevation, slope, land use,
vegetation, proximity to rivers, soil type, accessibility, groundwater levels, geology, and distance to valuable
ecosystems, cities, and villages. Fuzzy logic, in the context of GIS, was used to combine these criteria and create
suitability maps.

To prepare a land suitability map for construction waste disposal in Bukan County, thematic layers related to
the studied criteria were first converted into fuzzy values. Fuzzy logic, a widely used method for site selection,
follows a standard workflow that involves defining the problem and selection criteria, gathering spatial data,
assigning fuzzy membership values, performing fuzzy overlay, and validating results (Akinci and Ozalp, 2022).
Various functions, such as linear (increasing or decreasing), Gaussian, near, small and large are used to
standardize these layers. In this study, linear decreasing, increasing, and user-defined functions were employed
for fuzzification. The criteria were categorized into three groups based on their suitability for construction waste
disposal:

1. Criteria where higher values indicate more suitable areas. This group includes distance from valuable
ecosystems, geology, soil, proximity to rivers, groundwater level, distance to villages, and land use. An
increasing linear fuzzy function was applied to these layers.

2. Criteria where lower values indicate more suitable areas. This group includes elevation, vegetation
cover, and proximity to roads. A decreasing linear fuzzy function was used for these layers.

3. Criteria with a non-linear relationship to site suitability, including slope and distance to the city. Due to
software limitations, Terrset software and a user-defined function were used for fuzzification.

Results

The results of overlaying and combining the thematic layers for site selection indicate that only about 1.08% of
Bukan county is highly suitable for construction waste disposal, while 22.4% is moderately suitable. Over 82%
of the area falls into low to very low suitability for waste disposal. These low-suitability areas are primarily due
to the area's fertile soil, surrounding villages, mountainous terrain, high groundwater levels, and distance to the
city. Three locations—Ilabeled S1, S2, and S3—have been identified as suitable for construction waste landfills,
based on the presence of favorable conditions such as suitable slope, elevation, access to communication
networks, poor vegetation cover, and low agricultural potential. Field studies indicate that site S1, located behind



- Journal of Remote Sensing and GIS D s
O Applications Q E
g in Environmental Sciences

rsgi.tabrizu.ac.ir B, w8

Naleh Shekineh Mountain and northeast of Damdaran Town, has the most favorable conditions for landfill
development.

Conclusion

This study highlights the need for effective waste management in Bukan County, particularly given the current
issues with illegal waste disposal, especially construction waste, along roads, riverbanks, and around the city.
With the accelerating pace of urban development and renovation, proper waste management practices are
crucial. Selecting appropriate landfill sites involves multiple criteria, each contributing unique challenges. The
ultimate goal is to identify locations that minimize environmental harm and economic costs. Factors such as
pollution of groundwater resources, soil contamination, and the environmental limitations of the available sites
are key considerations in this process. The results indicate that only limited areas in Bukan County are suitable
for construction waste disposal, with areas in the northeastern, eastern, and southwestern perimeters being the
most viable. However, limitations such as high groundwater levels, geological factors, and vegetation cover
reduce the suitability of these areas.
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Fig. 3. Map of elevation and slope in Bukan County
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Fig. 4. Soil and Geology map of the study area
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Fig. 5. Map of land use and vegetation cover in Bukan County
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Fig. 6. Map of distance to villages and valuable ecosystems in Bukan County
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Fig. 7. Map showing the distance to the river and ground water level in Bukan County
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Fig. 8. Map showing distance to roads and city
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