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Urban heat island (UHI) is a key challenge in densely populated cities,
influenced by the thermal properties of materials, reflective and cooling
materials, life cycle assessment (LCA) and urban policies. This study, using a
systematic review and the PRISMA method, examines the impact of these
factors in four categories and shows that materials with high heat capacity and
low reflectance contribute significantly to the intensification of thermal
effects. In contrast, the use of cooling materials and reflective coatings leads to
a reduction in surface temperatures. In addition, LCA has been highlighted as
an analytical tool for assessing the environmental impacts of materials and
optimizing material selection. However, this method's lack of standardization
and integration into urban policymaking has faced challenges. The findings
suggest that integrating LCA into urban decision-making processes and
developing policies that promote the development and use of sustainable
materials can significantly reduce UHI and contribute to urban sustainability in
various fields, such as environmental and energy.
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Introduction

Urbanization is a complex socio-economic process with multiple consequences for society, the
environment, and biodiversity. Despite covering only, a small portion of the Earth's surface, urban
areas are increasingly becoming the most familiar environment for most of the world’s population.
Over half of the global population now resides in urban regions, a number that is expected to grow in
the coming decades. This urban growth, fueled by industrialization and increasing energy
consumption, has brought significant benefits in terms of living standards, but also has led to
challenges such as global warming, industrial waste, and air pollution. These issues are particularly
pronounced in urban areas due to the concentration of industrial activities and the extensive use of
building materials. Urban heat islands (UHI), a phenomenon where urban areas experience higher
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temperatures than their rural surroundings, is a major environmental issue exacerbated by improper
urban planning and construction materials. The use of dark and inappropriate materials in urban
spaces, combined with poorly designed building layouts, traps solar energy, raising surface
temperatures. In contrast, sustainable materials and reflective coatings can mitigate these effects by
reducing surface temperatures. Choosing appropriate materials can significantly contribute to
sustainable urban development by reducing environmental harm and supporting energy efficiency.
Sustainable materials minimize pollution, require less maintenance, and are reusable. Evaluating these
materials through Life Cycle Assessment (LCA) helps to understand their environmental impacts from
production to disposal, enabling informed decisions that promote sustainability. While substantial
progress has been made in understanding the impacts of materials on UHI, there remains a gap in
systematically analyzing the role of LCA in mitigating these effects. Previous research has examined
UHI from various perspectives, but few studies have explored how sustainable materials, evaluated
through LCA, can reduce UHI. This study aims to fill this gap by systematically reviewing the
literature on the impact of LCA on material selection and UHI reduction in urban environments.

The primary objective of this review is to analyze the role of LCA in assessing the effects of
construction materials on UHI. The review categorizes relevant studies into four main groups:
materials and sustainability, materials and LCA, materials and UHI, and the combination of UHI and
LCA. By employing the PRISMA method for systematic article selection, this research provides a
comprehensive framework for analyzing the environmental and functional effects of building
materials in reducing urban heat islands.

This approach contributes to advancing sustainable urban policy by providing insights into how
LCA can influence material selection and UHI mitigation strategies.

Methodology

This study is a systematic review using the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) method, which provides a standardized approach for conducting
systematic reviews and meta-analyses to enhance transparency and accuracy in reporting and article
selection. This method is especially useful for comprehensive scientific reviews to identify, evaluate,
and synthesize research findings on a specific topic. The PRISMA approach involves several stages,
including identifying articles from various sources, screening titles and abstracts, evaluating the
quality of selected articles, and systematically analyzing the data. One key feature of PRISMA is the
flowchart, which clearly illustrates the article selection process and the reasons for excluding certain
articles, helping readers understand the decision-making process and assess the validity of the study's
results. The flowchart of the article review process is shown in Figure 1.

The target population of this study consisted of documents and articles related to the role of LCA in
building materials for reducing urban heat islands, which were searched in June 2024. The sampling
method involved reviewing relevant documents using keywords such as LCA, sustainable materials,
recycling, ecology, climate change, urban heat islands, and sustainability. After preliminary screening,
specific research questions were posed:

o What is the current impact of materials on reducing urban heat islands with an LCA approach?

¢ What improvements can be made in this area that have not been addressed yet?

e What are the limitations in this field?

e How can the impact of materials on reducing urban heat islands using LCA be increased?

The study involved searching for articles in credible academic databases such as Google Scholar,
ScienceDirect, SID, and Scopus, using both English and Persian keywords. The articles reviewed were
published between 2000 and 2023 and were selected based on criteria such as relevance to LCA, materials,
urban heat islands, and sustainability. A total of 213 articles were initially reviewed, and after applying the
inclusion and exclusion criteria, 14 articles were selected for final analysis using the PRISMA checklist.
EndNote software (version 21) was used to manage references and extract relevant data.

Conclusion
The study concludes that building materials play a significant role in addressing UHI effects and
contributing to sustainable urban development. The selection of sustainable materials, which minimize
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energy consumption and environmental pollution, is crucial for reducing UHI impacts. LCA is a
valuable tool in evaluating the environmental effects of materials throughout their life cycle, helping
to make better choices to reduce negative environmental outcomes.

While recent technological developments, such as reflective and cooling coatings, have been
proposed to manage excess heat in urban spaces, comprehensive studies on sustainable materials'
impact on UHI through LCA are still limited. To reduce UHI and improve environmental conditions,
urban policies should promote stricter standards for material selection, encourage the use of
sustainable materials, and incorporate LCA into urban planning. Advanced technologies, such as high-
reflectivity materials and energy-efficient designs, should be prioritized to help mitigate UHI effects
and reduce environmental impact. Additionally, the development of smart monitoring systems and
climate-responsive materials will further support sustainable urban solutions.
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