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ARTICLE INFO ABSTRACT

Objective: Lithium-ion batteries are widely utilized in electronic devices and electric
vehicles due to their high energy density. However, this technology poses serious safety risks
that can lead to catastrophic consequences in highly populated urban environments. This
comprehensive study aims to assess these risks with a particular focus on the city of Tehran.
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Furthermore, both international and domestic databases, such as SID and Magiran, were
utilized for searching relevant articles and theses.

Findings: Results indicate that Tehran is approaching a potential public safety crisis. The
convergence of extremely high population density (11,800 persons/km? in residential areas),
restricted living spaces (25-40 m2 per household), rapid adoption of electric vehicles
(approximately 9 million motorcycles), and a complete absence of charging infrastructure (no
public stations) has created a critical scenario concerning fire and environmental hazards.
Conclusion: The results of this research indicate that the combination of high population
density, limited residential space, the rapid proliferation of electric devices, and
inadequate safety infrastructure has placed Tehran on the verge of a severe crisis
concerning lithium-ion batteries. The novelty of this study lies in integrating indigenous
risk analysis with international safety management models (using New York as a case
study) and employing Cost-Benefit Analysis (CBA) to develop a localized, comprehensive
battery safety management model. The CBA results demonstrated that an investment of
5,550 billion Tomans yields a 9 to 19-fold return, while interventions such as public
education and secure charging stations can reduce fatalities and household incidents by up
to 95% and 85%, respectively. These findings underscore the necessity of immediately
implementing a three-phase program encompassing education, infrastructure development,
and national standardization to mitigate hazards and enhance urban safety in Tehran.
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Introduction

Lithium-ion batteries (LIBs) have become a key technology for global energy transition in the past
decade. Global demand for these batteries is expected to grow from 700 GWh in 2022 to an estimated
4.7 TWh by 2030, a growth of 671% (Gallagher Bassett, 2024). This unprecedented growth is
occurring at a time when accidents involving these batteries are also increasing at an alarming rate.

Thermal runaway is considered the most dangerous hazard of these batteries. In this phenomenon,
exothermic chain reactions cause the battery temperature to rise sharply, leading to fire and explosion
(Energy Material Advances, 2023). Research has shown that this process can turn an enclosed space
into a deadly environment within seconds.

Several studies have been conducted internationally on the dangers of lithium-ion batteries. The
Fire Safety Research Institute (FSRI, 2023) showed in a comprehensive study that a lithium-ion
battery in an electric scooter can bring the room of origin to the point of full ignition within seconds.

Epidemiological studies in the United States indicate a 35% annual increase in incidents related to
these batteries (Levin Simes, 2025). New York City, as a city example, saw 268 fires and 18 deaths in
2023 (FSRI, 2023).

Given the severe limitation of scientific research on the risks of lithium-ion batteries in Iran, which
is currently planning to replace 9 million worn-out motorcycles with electric ones, this study is the
first comprehensive study to assess these risks, focusing on the city of Tehran. This assessment is of
particular importance because the Tehran metropolis, with a population of more than 8.7 million
people in the city itself (Statistical Center of Iran, 2002) and 13 million people in the metropolitan
area, as one of the largest and most densely populated cities in the Middle East, has been exposed to
new risks arising from these technologies due to the increase in the import of electronic devices, the
growing acceptance of electric bicycles and scooters, and the beginning of limited imports of electric
vehicles (Zarei et al., 2003). The main objectives of this research are defined in several basic axes.
First, a scientific analysis of the mechanism of thermal runaway and identification of its initiating
factors are carried out in order to more accurately understand the physical and chemical processes
affecting the occurrence of this phenomenon. In the next step, global statistics and trends of accidents
related to lithium-ion batteries are examined to provide a basis for comparative analysis. Then, the
situation of Tehran city is evaluated in terms of parameters related to environmental hazards and risk
factors, and then, the results obtained are compared with global standards and indicators. In the next
section, possible fire scenarios in the urban context of Tehran are designed and the possible
consequences of each are analyzed. Finally, the research ends by presenting preventive solutions and
their cost-benefit analysis so that realistic and implementable suggestions can be made to reduce risks.

Method

This descriptive-analytical study was conducted with a mixed approach (quantitative and qualitative)
between Farvardin and Azar 1403. The main statistical population of this study is Tehran with a
population of 9.7 million people. For comparative comparison, New York City (population 8.3
million) was selected as an international sample, and domestic databases such as SID and Magiran
were also used to search for related articles and theses. Data collection tools and methods of this study:
Initially, data were collected from several different sources and using various methods. Initially, a
library study was used as the basis for data collection; for this purpose, statistical data related to
accidents were collected from reputable scientific databases such as ScienceDirect and PMC, as well
as from official reports of government organizations such as EPA and FDNY. In the next step, urban
data related to demographic parameters and urban characteristics of Tehran were extracted from
reliable sources such as the Statistical Center of Iran, Tehran Municipality, and international databases
such as World Population Review and Statista. In addition, market data related to the status and trend
of the motorcycle market were collected from specialized reports such as Mordor Intelligence,
IndexBox, and Financial Tribune to provide a comprehensive picture of the different dimensions of
the subject.

Analysis Methods
Several different analysis methods were used in this study. In the first step, descriptive statistical
analysis was used to calculate frequency, percentage, mean, and draw descriptive tables to provide an
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overall picture of the data. Then, in the comparative analysis section, a parametric comparison was
made between the two cities of Tehran and New York, and the relative risk index between them was
calculated. Next, in the form of scenario modeling, three different scenarios of fire occurrence in
various urban contexts were designed and the possible consequences of each were estimated. Finally,
using the cost-benefit analysis method, the costs of implementing prevention programs were compared
with the benefits of preventing fatalities and financial losses. It should be noted that this study was
conducted based on secondary data and did not involve any direct intervention on humans, therefore
all ethical considerations were observed.

Conclusions

The study found that Tehran is on the verge of a potential public safety crisis due to its unique
combination of risk factors. With a risk index of 4.2 times that of New York, without urgent action,
Tehran could see 100-400 deaths and 750-7,000 billion rials in damages in the next 5 years. However,
global experience has shown that this crisis is preventable. Public education can reduce fatalities by
70-95 percent, and public charging stations can reduce household accidents by 80-85 percent. To
reduce these risks, it is essential that the government, the private sector, and civil society create
synergies. Strengthening laws, public education, developing rapid response infrastructure, and smart
monitoring can prevent accidents and increase the safety of the living environment. Future studies
should also focus on assessing the long-term effects of battery chemical leaks on Tehran’s
groundwater resources.
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2. BTMS
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