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The world faces an unprecedented increase in solid waste generation due to
population growth, urbanization, and changing consumption patterns. This
growing waste crisis poses serious threats to both the environment and public
health; it requires urgent attention. Effective waste management, with a strong
emphasis on recycling, is crucial in mitigating these negative impacts.
Recycling minimizes pressure on natural resources, energy consumption, and
greenhouse gas emissions. In addition, it reduces the use of landfill and
incineration options that lead to soil and air pollution. However, developing
countries face significant challenges in recycling due to inadequate
infrastructure, lack of integrated waste management systems, and limited
public awareness. In these countries, informal waste pickers play a key role in
recycling by collecting valuable materials such as plastics, metals, and paper.
However, their unrecognized and unorganized work exposes them to severe
health risks, including infections, musculoskeletal disorders, and exposure to
hazardous substances. They also face economic vulnerabilities and social
exclusion. Despite these hardships, economic necessity and limited job
opportunities drive people to pick up waste. To improve this situation, waste
pickers need to be integrated into municipal waste management programs
through legal identification, health education, and access to health care
services. Organizing them as municipal workers can be mutually beneficial,
increasing urban cleanliness and economic efficiency while fostering a
healthier and more sustainable society.
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Introduction

With the development of urbanization and the increase in population, waste production has also
increased increasingly. As a socio-ecological issue, optimal management of these waste has become
necessary and inevitable in order to reduce the negative impacts on the environment and public health.
Given the high volume of valuable dry waste produced daily in Tehran, this could be the basis for
attracting informal activists in waste recycling. The waste pickers plays an important role, as it
separates and recycles valuable materials from waste streams, reducing the large volume of municipal
solid waste that ends in landfills and open landfill areas. Garbage collection also has a social
advantage because it brings a source of income to some of the most vulnerable segments of society. In
this study, various aspects (economic, social and health) of the phenomenon of waste pickers in
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Tehran are investigated. In this study, the concept of waste pickers and the causes of its tendency will
be addressed. In addition, the health consequences of waste pickers and the solutions to improve the
health and safety status of waste disposal were covered.

Methodology

The relevant data were collected through published data from the Waste Management Organization of
Tehran, research conducted in the field of recycling and waste disposal, and international reports
related to the informal economy of recycling, and the related studies conducted in other developing
countries that have similar challenges in the field of urban waste management and the role of waste
pickers.

Results

The results indicated that the main reasons for tendency to waste pickers are economic necessity, Lack
of formal employment, No restrictions on entry, Market demand for recycled goods and Lack of
awareness and education. The main health complications associated with waste pickers are: Exposure
to hazardous substances, Respiratory diseases, Skin infections, Eye infections and Digestive disorders.

Conclusion

Organizing the waste pickers in a form scenario as municipal workers can be mutually beneficial,
increasing urban cleanliness and economic efficiency while fostering a healthier and more sustainable
society.
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Introduction

Rapid urbanization has significantly transformed metropolitan landscapes, giving rise to various
challenges in transportation systems. Issues such as traffic congestion, environmental pollution, and
safety concerns have become increasingly prevalent, particularly in densely populated cities like Tehran.
In Tehran alone, over 500 fatalities occur annually due to traffic-related incidents, highlighting the urgent
need for effective traffic management solutions. Traditional methods of traffic control have often proven
inadequate in addressing these challenges, necessitating innovative approaches.

Artificial Intelligence (Al) has emerged as a transformative technology in urban transportation,
offering the potential to enhance efficiency, sustainability, and safety. This research paper aims to
review global experiences in applying Al to metropolitan transportation systems, examining various
applications, their impacts, and the challenges encountered in their implementation. By analyzing
existing literature and case studies, this paper provides a comprehensive understanding of how Al can
reshape urban mobility and address pressing transportation issues.

Methodology
The research explores the applications of Al in metropolitan transportation. The following key topics
are discussed:
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- Data Collection and Analysis

A critical aspect of Al applications in transportation is the collection and analysis of real-time data.
Intelligent sensors and surveillance cameras are increasingly used to gather data on traffic flow,
vehicle speeds, and patterns of movement. This research examines various technologies deployed in
urban environments, focusing on how these data collection methods contribute to enhanced traffic
management. Machine learning algorithms are employed to analyze the collected data, identifying
trends and patterns that inform decision-making. The ability to process vast amounts of data allows for
more accurate predictions and responsive traffic management strategies.

- Traffic Light Optimization

One of the prominent applications of Al in urban transportation is the optimization of traffic light
systems. Al algorithms can analyze real-time traffic conditions to adjust signal timings dynamically.
This study investigates the effectiveness of smart traffic light systems in reducing congestion and
improving traffic flow. By adapting to varying traffic volumes, these systems can minimize waiting
times for vehicles and pedestrians alike. Case studies from cities that have implemented Al-driven
traffic light optimization reveal significant reductions in congestion and travel times, demonstrating
the potential benefits of this technology.

- Accident Prediction and Prevention

Al's capability to predict accidents before they occur is a significant advancement in urban
transportation safety. By analyzing historical accident data and real-time conditions, Al algorithms can
identify high-risk areas and times for potential accidents. This research explores various approaches to
accident prediction, including the use of predictive analytics and machine learning techniques. The
findings suggest that proactive measures, such as adjusting traffic signals or deploying emergency
services based on predictions, can significantly enhance road safety. Additionally, the paper discusses
the role of Al in developing responsive systems that can react to changing conditions in real-time.

- Challenges in Implementation

Despite the promising applications of Al in metropolitan transportation, several challenges must be
addressed for successful implementation. This study identifies key challenges, including the need for
robust infrastructure capable of supporting advanced technologies, concerns related to data privacy,
and potential cybersecurity threats. The paper emphasizes the importance of developing
comprehensive policies and regulatory frameworks to address these challenges. Recommendations for
overcoming obstacles are discussed, highlighting the need for collaboration among stakeholders,
including government agencies, technology providers, and the public.

Conclusion

The integration of Al into metropolitan transportation systems has the potential to revolutionize urban
mobility, making cities safer, more efficient, and environmentally sustainable. By enhancing traffic
management, reducing congestion, and improving safety, Al can significantly alleviate the challenges
faced by urban transportation systems. However, the successful implementation of Al technologies
requires addressing key challenges, including infrastructure development, data privacy, and
cybersecurity concerns.

Future research should focus on several critical areas to further advance the application of Al in
urban transportation. First, the development of explainable Al models is essential to ensure
transparency and build trust among users. Second, integrating emerging technologies, such as the
Internet of Things (1oT) and smart city initiatives, can enhance the effectiveness of Al solutions.
Third, policies addressing ethical considerations and data privacy must be crafted to protect citizens
while fostering innovation.

In conclusion, the strategic implementation of Al in metropolitan transportation systems can lead to
improved quality of life for urban residents. By harnessing the power of Al, cities can create smarter,
more responsive transportation networks that meet the demands of a rapidly changing urban
environment. The journey towards smarter urban mobility is just beginning, and continued research
and collaboration will be crucial in realizing the full potential of Al in transportation.
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This article examines the democratization of urban capital projects and its
impact on public participation and sustainable development. In recent years,
cities have faced challenges in financing and implementing infrastructure
projects. One effective solution is to increase citizens' involvement in
financing, decision-making, and executing urban projects. The Public-Private
Partnership (PPP) model, which involves government collaboration with the
private sector, offers benefits like reducing government expenditures,
improving project quality, accelerating completion, and attracting foreign
investment. However, challenges such as excessive dependence on private
investors and potential corruption also exist. To address these issues,
democratizing urban projects through active citizen participation is proposed.
Crowdfunding, allowing citizens to contribute small investments to urban
projects, has proven successful in countries like the U.S., Iceland, and France.
This article is based on three theoretical frameworks: collaborative
governance, social capital, and the sharing economy. In Iran, challenges like
lack of transparency and unclear frameworks for crowdfunding hinder the
effective implementation of this model. It is suggested to combine the PPP
model with crowdfunding, create digital platforms for citizen participation,
and offer financial incentives for small-scale investors. The conclusion
emphasizes that democratizing urban projects is an innovative and effective
approach for achieving sustainable urban development.
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Introduction

Urbanization and fiscal constraints have made traditional government-led development models
insufficient. In response, public-private partnerships and collaborative governance have emerged as
alternative approaches to manage complexity and promote sustainability. This paper investigates how
such models can improve urban infrastructure and service provision. Theoretical perspectives from
governance, trust-building, and civic engagement provide the conceptual foundation. The aim is to
understand the institutional factors that drive successful collaboration in urban contexts.

Methodology

The research employs a qualitative meta-analysis of scholarly literature and international reports from
organizations such as the OECD and World Bank. It also includes case-based evidence from cities
employing PPPs in transportation, housing, and environmental sectors. Key evaluation criteria include
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stakeholder engagement, transparency, long-term financing, and risk-sharing mechanisms.
Supplementary sources, such as government reports and urban planning documents, were also
analyzed to enrich the findings.

Results

The study finds that cities with strong institutional frameworks and civic trust are more likely to
succeed in implementing PPPs. Collaborative governance contributes to improved project
accountability, citizen satisfaction, and resource efficiency. Case studies from Europe and developing
nations reveal that integrated planning, legal clarity, and innovation drive performance. However, risks
remain, especially where regulatory capacity or political commitment is weak.

Conclusion

Public-private partnerships and collaborative governance models offer promising solutions to the
challenges of urban growth and sustainability. When designed with transparency, inclusiveness, and
long-term vision, they can significantly enhance urban resilience and service quality. Policymakers
must focus on building trust, ensuring accountability, and aligning stakeholder interests. Continued
research and adaptive policy frameworks will be essential to scale successful practices globally.
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Workers are exposed to the various compounds of waste and their consequences,
in different waste management stages from collection to final disposal.
Hazardous characteristics of some kind of household waste may affect
occupational injuries in the waste management sector. This study aimed to
investigate the occupational injuries of household hazardous wastes on
municipal waste landfill workers by the Delphi method. The method used in the
present study is classified into descriptive and qualitative categories. In the first
step, all the consequences and occupational injuries associated with working in
municipal solid waste landfills are extracted by reviewing previous studies. Next,
extracted occupational injuries were ranked according to the degree of
vulnerability to the presence of household hazardous waste based on the Delphi
method. Findings of the present study shows that among 19 occupational injuries
related to working in landfills, 6 occupational consequences including workplace
accidents, healthcare, work-related illnesses, job stress, premature disability, and
work indifference were detected as the most vulnerable to the presence of
household hazardous waste. In order to encourage citizens to separate waste at
the source of production, steps can be taken to increase public participation in the
management of household hazardous waste, by using the capacity of Article (8)
of the law and calculating the cost of waste management services based on the
PAYT method, as well as attracting public participation by promoting public
awareness and culture (taking advantage of the capacity of Articles (6) and (21)
of the Waste Management Law).

Cite this article: Gholampour Arbastan, H. & Gholampour Arbastan, H. (2025). Determining the Impacts of Household
Hazardous Wastes on the Occupational Injuries of working in Municipal by Delphi Method: A

Qualitative

Urban  Development  Policy = Making, 2  (2), 159-171.  DOI:

http//doi.org/10.22034/judpm.2025.512943.1022

© Houman Gholampour Arbastan, Hozhabr Gholampour Arbastan
DOI: http//doi.org/10.22034/judpm.2025.512943.1022

Introduction

Workers are exposed to the various compounds of waste and their consequences, in different waste
management stages from collection to final disposal. Hazardous characteristics of some kind of
household waste may affect occupational injuries in the waste management sector. This study aimed to
investigate the occupational injuries of household hazardous wastes on municipal waste landfill
workers by the Delphi method.
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Material and Methods

The method used in the present study is classified into descriptive and qualitative categories. In the
first step, all the consequences and occupational injuries associated with working in municipal solid
waste landfills are extracted by reviewing previous studies. Next, extracted occupational injuries were
ranked according to the degree of vulnerability to the presence of household hazardous waste based on
the Delphi method.

Results

Review of occupational injuries resulting from work in waste management centers showed that
employees in this sector are generally exposed to 19 common occupational injuries. These
occupational injuries include job dissatisfaction, feelings of insecurity regarding health, frustration,
depression, occupational stress, increased accidents due to drowsiness and headaches caused by stress
and depression, hopelessness, decreased sense of self-success, decreased efficiency of social
performance, environmental irritability, decreased sense of self-confidence, decreased social prestige,
decreased tolerance threshold, anger and rage, disinterest in work, burnout including: emotional
exhaustion, personal performance and depersonalization, increased related diseases, increased injuries
including: cuts, burns and slips, and premature disability. Findings of the present study shows that
among 19 occupational injuries related to working in landfills, 6 occupational consequences including
workplace accidents, healthcare, work-related illnesses, job stress, premature disability, and work
indifference were detected as the most vulnerable to the presence of household hazardous waste.

Discussion and Conclusion

In the present study, by reviewing previous studies, all occupational consequences and injuries
associated with working in waste disposal centers were collected, and after conducting 2 rounds of
surveys based on the Delphi method, 6 key occupational consequences and injuries that were most
affected by the presence of household hazardous waste were counted. The results of the present study
show that the lack of separation and segregation of household hazardous waste at source, the lack of a
separate collection system, and consequently the management of this category of waste alongside
other municipal solid waste, create and exacerbate occupational consequences and injuries of working
in waste disposal centers for employees in this field. Based on what was mentioned in the present
study, in order to achieve sustainable governance in the field of household hazardous waste
management, suggestions are presented in all three areas of legislation, implementation, and
supervision of the management of this category of waste in order to reduce occupational injuries to
employees of waste disposal centers. In order to encourage citizens to separate waste at the source of
production, steps can be taken to increase public participation in the management of household
hazardous waste, by using the capacity of Article (8) of the law and calculating the cost of waste
management services based on the PAYT method, as well as attracting public participation by
promoting public awareness and culture (taking advantage of the capacity of Articles (6) and (21) of
the Waste Management Law).
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ABSTRACT
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Municipal solid waste management has become one of the major challenges in
modern cities due to the rapid increase in waste generation and the limitation

of natural resources. Selecting an optimal waste management method requires
the consideration of environmental, economic, technical, and social criteria to
not only minimize negative environmental impacts but also make the best use
of available resources. In this study, various waste management methods
including pyrolysis, recycling, composting, anaerobic digestion, incineration,
and refuse-derived fuel were evaluated and prioritized using the Analytic
Hierarchy Process (AHP). The evaluation criteria included investment cost,
environmental pollution, resource availability, required technical expertise,
social acceptance, energy consumption, and process efficiency. The weights of
criteria and alternatives were determined based on expert opinions. Criteria
where lower values indicate higher desirability were inverted within the
software to ensure consistency in the evaluation. The results of this study
indicate that sustainable and cost-effective methods such as recycling (score:
0.0982) and anaerobic digestion (score: 0.0879), due to their ability to generate
valuable products, reduce pollution, and offer economic benefits, are more
suitable for urban waste management compared to costly and polluting
methods such as incineration and pyrolysis. Furthermore, the findings suggest
that combining different methods and adopting integrated approaches can
enhance the effectiveness of waste management systems and contribute to
achieving sustainability goals.
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1. Introduction

The increasing volume of urban waste, driven by economic growth and urbanization, has posed
significant challenges for waste management systems. The selection of an optimal waste management
strategy is a complex decision-making process due to the multiplicity of available methods and the
necessity of considering various environmental, economic, social, and technical criteria. This study
employs the AHP to systematically identify and prioritize key criteria influencing urban waste
management. By integrating a comparative assessment of different waste management techniques, this
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research aims to establish a comprehensive and scientifically grounded framework for optimizing
waste management strategies. Through an extensive review of previous studies and empirical data
analysis, this study underscores the efficacy of AHP as a robust decision-support tool in this domain.
The findings provide valuable insights for policymakers, urban planners, and researchers in
formulating efficient and sustainable waste management policies.

2. Methodology

Urban waste management is a complex multi-criteria decision-making (MCDM) problem involving
diverse stakeholders. The Analytic Hierarchy Process is used to evaluate six waste management
technologies across seven criteria: energy consumption, process efficiency, required expertise,
resource accessibility, investment cost, and environmental impact. The decision process is structured
hierarchically using Super Decisions software, where expert panels conduct pairwise comparisons
based on Saatyls 1-9 scale. Consistency ratios (CR) below 0. 1 ensure judgment reliability. Criteria
such as investment cost and pollution levels are inversely weighted for consistency. The final ranking
is determined by aggregating criteria weights and scores. The evaluation framework categorizes
criteria into technical, economic, social, and environmental groups. Technical aspects include energy
consumption, efficiency, and required expertise. Economic factors consider resource accessibility and
investment costs, while environmental criteria focus on pollution levels. Social factors include public
acceptance and regulatory compliance, ensuring a comprehensive sustainability assessment.

3. Results and Discussion

The analysis reveals that recycling and anaerobic digestion are the most effective waste management
strategies due to their lower costs, environmental benefits, and resource recovery potential. In contrast,
incineration and pyrolysis, despite their energy generation capabilities, are less favorable due to high
operational costs and emissions. A comparative assessment of six waste management methods®
recycling, anaerobic digestion, composting, incineration, refuse-derived fuel, and pyrolysis®using
eight evaluation criteria highlights the superiority of recycling, which achieved the highest ranking,
followed by anaerobic digestion and composting. Incineration, refuse-derived fuel, and pyrolysis
ranked lower due to economic and environmental concerns. These findings emphasize the importance
of an integrated approach that combines multiple methods to enhance sustainability, reduce landfill
dependency, and optimize waste-to-energy processes.

4. Conclusion

This study systematically evaluated and prioritized six urban waste management methods®pyrolysis,
recycling, composting, anaerobic digestion, incineration, and refuse-derived fuel®using the Analytic
Hierarchy Process (AHP) framework. The findings demonstrate that recycling and anaerobic digestion
are the most favorable options due to their lower financial burdens, reduced environmental footprint,
and higher societal acceptance. Conversely, methods such as incineration and pyrolysis were found to
be less desirable due to their high capital requirements, dependency on specialized labor, and
significant pollution levels. Based on these insights, this study advocates for increased investments in
recycling infrastructure and the promotion of waste segregation at the source, which are crucial for
fostering sustainable and efficient urban waste management practices.
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. Analytic hierarchy process (AHP)

. Landfill biogas

. Anaerobic digestion

. Incineration

Refuse derived fuel (RDF)

. Multiple Criteria Decision Making (MCDM)

. Fuzzy logic

. Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

. Preference ranking organization method for enrichment evaluation (PROMETHEE)
0. Fermentation
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1. Material flow analysis (MFA)
2. substance flow analysis (SFA)
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physical structure. This study analyzes the role of urban policies on the
development of the physical-spatial structure of Sadra, that located 15
kilometers northwest of Shiraz. This study, with a descriptive-analytical
method and an applied approach, used a questionnaire and field and
documentary data, and the data were determined through a researcher-made
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development of physical spatial structure, policy-making (beta = 0.205), and administrative affairs and services (beta =
new Towns, 0.064) have the greatest impact, respectively. Transportation network, citizen
Sadra. participation, and waste management were identified as the most important

influencing factors, while weaknesses in maintaining public spaces and
institutional coordination are the main challenges. These results are in line
with global studies and emphasize the need to pay attention to sustainability,
spatial justice, and participation in policy-making.
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Introduction

Since the 1990s, the world has experienced a profound transformation in urbanization patterns, with
urban populations growing at an unprecedented rate. Between 1999 and 2000, approximately 57
million people were added annually to urban areas globally, a figure that increased to 77 million per
year from 2010 to 2015. This rapid urbanization, unevenly distributed across regions, has
predominantly concentrated in cities, leading to increasingly complex urban societies. Such
complexity, coupled with emerging social relationships, enhanced connectivity, and heightened
competitiveness, has positioned urban management and development as one of the critical challenges
of the 21st century. Cities, as hubs of population growth and economic activity, face challenges such
as congestion, environmental pollution, and infrastructure strain, necessitating innovative urban
planning and policymaking approaches. The spatial-physical structure of cities, a fundamental aspect
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of urban management, is pivotal in shaping their development trajectory. Understanding this structure
and the factors influencing its expansion across different periods is essential not only for interpreting
historical trends but also for guiding future growth. In developing countries like Iran, rapid
urbanization since the mid-20th century has disrupted traditional urban physical structures, particularly
in metropolitan areas, where demand for services and infrastructure has surged, underscoring the need
for modern urban management strategies. The spatial-physical structure of new cities®encompassing
architecture, urban fabric, expansion patterns, and available spaces®is significantly influenced by
urban policymaking. This structure affects residentsd quality of life and is closely linked to
environmental issues such as air pollution, traffic, and land-use changes. Urban policymaking, as a
subset of public policy, has emerged as a key tool in urban planning over recent decades. Through
centralized regulations and laws, governments exert influence over local institutions, shaping urban
structures®a dynamic particularly evident in new cities designed under centralized planning.
Advanced urban policymaking, rooted in socio-political frameworks and governance models, defines
development trajectories by setting guidelines for street layouts, land use, construction practices, and
spatial expansion. These policies not only steer development but also determine resource distribution,
impacting urban sustainability and efficiency.

The central research question is: How have urban policymaking efforts influenced the development
of Sadra Citybs spatial-physical structure? The study posits that the type of management and planning
imposeddunder centralized government and local oversight®has been instrumental in defining its
development patterns. Policies governing land allocation, infrastructure design, construction control,
and spatial expansion have collectively shaped the cityds form and function. However, challenges such
as rising population density, pressure on natural resources, and demand for public services indicate a
need to reassess existing policies.

This analysis offers multiple insights into new city management. It evaluates the extent to which
urban policies have achieved decentralization and sustainable development goals, identifies strengths
and weaknesses in adapting to local and regional needs, and proposes strategies to enhance urban
governance and quality of life. By focusing on Sadra, the study seeks a deeper understanding of the
interplay between advanced urban policymaking and spatial-physical development, contributing to
frameworks for more effective management of Irands new cities.

Methodology

The research adopts a descriptive-analytical methodology with practical objectives, aiming to assess
current conditions and propose sustainable urban management solutions. The statistical population
comprises 100 urban planning and development experts in Sadra, including academic and executive
elites. Data collection combines documentary (library) and field methods, utilizing a questionnaire
designed based on theoretical studies to address research objectives and hypotheses. Data analysis,
conducted using SPSS software, involves descriptive and inferential statistics to summarize, code, and
categorize findings, establishing relationships between variables to test hypotheses and draw
conclusions.

Results

Findings reveal that urban policymaking significantly influences Sadrads spatial-physical
development. Descriptive statistics (Tables 4-6 to 4-8) quantify the impact of decision-making,
planning, and execution factors. Decision-making and policymaking factors (e.g., citizen participation,
mean 4.300; land policies, mean 3.450) demonstrate substantial influence, with high citizen
engagement contrasting with variability in land policy perceptions. Planning factors (e.g.,
transportation networks, mean 4.360; institutional coordination, mean 3.260) highlight transportationds
critical role and coordination challenges. Execution factors (e.g., waste management, mean 4.110;
public space maintenance, mean 2.960) indicate strengths in service delivery but weaknesses in
upkeep.

Regression analysis confirms a significant relationship (correlation 0.618, R? 0.382) between urban
policymaking and spatial-physical development, explaining 61% of variance. Planning and
organization factors (b = 0.502) exert the strongest influence, followed by decision-making (b = 0.205)
and execution (b = 0.064), emphasizing the primacy of planning in shaping Sadrads structure.
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Conclusion

The study concludes that urban policymaking has directly shaped Sadrads spatial-physical evolution,
aligning with global research on the importance of coordinated land and infrastructure policies.
However, challenges such as institutional misalignment, weak execution, and inadequate public space
maintenance hinder full realization of initial goals. Recommendations include enhancing institutional
coordination, boosting citizen participation, revising land policies, improving public space
management, and adopting long-term smart growth strategies. These findings are relevant not only to
Sadra but also to other Iranian new cities facing similar challenges, offering a roadmap for smarter,
more sustainable urban policymaking. Future research could compare Sadra with other new cities
globally to further refine these insights.
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Tehran, as one of the most populous metropolitan areas in the region, faces
significant challenges related to air pollution and traffic congestion, primarily
driven by the heavy reliance of its transportation fleet on fossil fuels. The
electrification of transportation has emerged as a critical strategy to mitigate
greenhouse gas emissions, enhance air quality, and achieve sustainable
development in the city. This study aims to provide a comprehensive vision for
the green transformation of Tehran’s transportation system. It begins by exploring
the global context of this transition, drawing on international data and the
successful experiences of leading countries such as China, Norway, and Denmark,
while also examining the challenges encountered by other nations. Subsequently,
the current state of Tehran is analyzed, highlighting key achievements such as the
introduction of electric buses, the replacement of aging taxis with electric models,
the installation of charging stations across the city, and the development of a
comprehensive electrification plan. The study also addresses existing barriers,
including the lack of adequate charging infrastructure, dependence on a fossil
fuel-based electricity grid, and financial constraints. To overcome these
challenges, practical recommendations are proposed for Tehran’s future
development, including the enhancement of charging infrastructure with a focus
on renewable energy sources, the provision of sustainable financial support, the
promotion of public awareness, and the implementation of cohesive policy
frameworks to expand the electric public transportation fleet. The findings suggest
that by leveraging global best practices and adopting these recommendations in a
coordinated manner, Tehran has the potential to become a regional model for
sustainable transportation, taking significant strides toward reducing air pollution
and realizing the vision of a green capital.
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1. Introduction

The study addresses the pressing environmental and traffic-related challenges in Tehran, identifying
the electrification of urban transportation as a strategic and sustainable solution. It aims to evaluate the
feasibility, barriers, and required policy frameworks to support a transition toward cleaner mobility.
The authors position electrification as a key response to air quality degradation and the growing
demand for urban transport reform.

2. Background

By reviewing global trends in transportation electrification, the study analyzes both successful and
unsuccessful international experiences, emphasizing the critical role of supportive policies,
infrastructure development, and public acceptance. It underscores the importance of tailoring global
best practices to local realities, particularly in cities with dense populations and fossil fuel-dependent
grids such as Tehran. The background provides the contextual foundation for assessing why Tehran
must act and how it might adapt international models effectively. This section reviews global trends in
transport electrification, emphasizing its environmental and economic benefits. It draws on lessons
from successful (e.g., Norway, China) and less successful (e.g., Spain, India) international
experiences. Key statistics on CO: emissions, battery cost reduction, and government policies (e.g., the
Paris Agreement) underscore the urgency and feasibility of electrification.

3. Methodology

A qualitative-descriptive research design was adopted, combining content analysis of national and
international reports, policy documents, and case studies. The analysis is structured around the three
pillars of sustainable development—environmental, economic, and social—providing a
comprehensive framework for evaluating electrification strategies. Comparative case studies of
countries like China, Norway, and India were employed to extract lessons applicable to Tehran’s
socio-technical landscape.

4. Results and Discussion

The results underscore Tehran's initial but promising steps toward electrification, including the
deployment of electric buses and taxis, the establishment of charging infrastructure, and the drafting of
a strategic master plan. A SWOT analysis reveals internal strengths and weaknesses, as well as
external opportunities and threats, outlining key factors influencing the success of the electrification
agenda. The discussion critically reflects on challenges such as reliance on fossil-based electricity and
financial constraints, while benchmarking Tehran's progress against international indicators.

5. Conclusion

The study concludes with strategic recommendations: the development of smart solar-powered
charging networks, implementation of targeted financial incentives, local production of EV
components, policy harmonization, and public education campaigns. These interventions are
considered essential for enabling Tehran to emerge as a regional leader in sustainable and low-
emission urban transport. Ultimately, the paper advocates for a coordinated, multi-sectoral approach to
overcoming infrastructural and institutional barriers to electrification.
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1. light-duty vehicles - LDVs



VFeF Y 6 jhouts oY 8,90 e b 5y Miaoliws rr-

(¥ DVEY ohag ed JBg o ol 80y delills) o) 05 29250 Cumdy )3 gl B3k Sl .Y Jgur

39290 quo9 HBgU Sl RLPLFZY
VYo 95 sl
Y- dJLG uayyl
Ve LR
OYYo Iz

ol 38 coitgd g Biuwbaw Y—8
S pboplen A5 (98 (B 9995 dawgi g lon (ol (el slisly )3 alacasbs 5 18 WYE L I ol
Ot dlox Sl sl 0l o)Lil Isn (Sogll (1alS” (sl (B2 (590365 dxwogh 41 0lsB g olsl ] (6 s 53 el pasiie
2,5 o)l 05 3)l9e & e 4l bolug gilo By Bio> ) (alsd

(S 5 By SBoydss (S eS LiniSS g bgas 3,8 By (I YAT) ages JhigJes (ygild >

g B 3 Sl g a0 S5 oo drangh 1Cumat § danmo N >

(B b i LIS gie 1oy Ve iSole ((VFAT) drwgl puiind A0l >

(St g By slog )@ Gle Cublas 5 Lk b eges 56 (silog {IFAT) Sy (glep oyeilE >

By SedS s ygige 5 by wagl (cilog ((ITAN) oo (S99 LidlS Al >

Syt g By logygd SUle cudles (VYAA) 839381 45,0 s OWle yeild >

b pnonS oyl b loyly Lyl 5 (B2 (slogyoss (659l dhs 95 (V€4 Y ) 9,995 (Blobur g3l8 >

5351 S5 ) sl Wl )90 5 oS5 dn gl (3o H{VEY) drrgi @i Aoy >

Cousl Jig o> (s iluisd 2 Ao ) 33 13 ygliws 9 Lyl -0

Wil e JBgJor (Bl silon bl 2> (e clapls AFee dad Lol Sl ofga b sl )5 Gl
oo & ES 5 (gD (S5 Sl g dgn (53l Gl el pIOMS nl g i Bl o el
SRS Gyl g pogad i ((H9d ol (rm (6)len dom i jgliws pl Cal (6 0ed Sk dawogs
Nobg Co o g )L SacS Loy drug oo (0B ¢Sl o lpwgisil (36 (s3lugi o 5l Ciliseo (glaojo> 1
(VE-VoAE+¥) dgs o2in doliyy 5 (WAF) Sb clop gl Ao Llo colial b cloldl ) titd gy BB (50
2 Uil 35 (3lo B Sl gL g Cosl bl yon

Sove el G gl 0 O piw N Y0

Jlo bl b cwl glis (Showgsl OB & (B lawgsl 39)9 (ogoe JBges isk )3 ladyglins (p jaius |l
Sloss 8Ll eges Jiig o 45 x> 4 (opa 51 SIylg) oy o) L L By sla el 5l (3500 dlass NFY
) yoghS YO+ bawgio Gislew b diiwe B celoclgghs FYY cud b b ad iy bl 4 oo o waigl oyl
09298 oiwd YA Dl SEAF Y Wiawl (3 08T Jas ((pdg) Earlae datd i 9 Plae JolS cud )b b Slles byl
5 aledgy G5 b slp (S

oSG 59l dawgi Y10
ol (o o g 4 (Saaly Aol 5 Sk Slgn (B T o3l gl Ban b (15 (65130 ¢S ynST 85>
ooy WY AYFY Wl UL Ul a3 i 30 (Bp b ST L odgw s slagngd il (gl edyiuS
Ad- JAC-E Jio do ST oyl blosds 135l Las By sl wST L g 0id blawl JlpuwST 48350 5l 0dgm,8 (595395



rm 015590 9 (0 3Bob | o/ et (A Sig o olo Iz 1YL o Jomi

Lo 45 a3 5 o oald s Lulys 5 | stk F¥ oo (polany o8 itud Ceelolyol B+ (551 & soons
By lesg) WT didal )3 oS (B (ST pgd Jho comiman oo cuslio (SY5b (sprgy oy ln )
opl S e Liulew yiegS OYe g )l elw oS OMA (65L oS caul (oS el (GAC) il > 2o
rl pogde dload (Bpee Japmecins g o3lal lu S plsie 4 oml Slles duga g 0k 2D L dagydgs
BALSY)ly g oMMy (cogad SES S 5 Gl g (dre o O)lig 9 IS SRS O 3o ladelpalis
9l 5l isu S5 adg Jels asliy cpl ol 03l j1)3 Ban |y 3y S olSiwd Hl52 OO ppeli &S o0d Misie 5345
o Jb pd g 0dd jeudS 3yl lagyags cpl 5 golaws (e Ul [ ise @lbyly g (Bh sles b gKen L)

23 iy oL B 9 byt ST oEawd IO 2wt I VF-¥ Wil 3 s ST S 81 sl

& ugasd g o ool F—F—0

OB5b silwgs (sly aiadl 1258 CHges o5 sl oty Lael 4 SSL b laclipalss (Joo5 ol I Sl sl
A Ode Yob cab il g doyd yao oy F5 b OMpad pl rd o Sl o yossil g b ST dler ¢ og0s
ol bt (o Coles ol S el 1y (B (slogyss 25 gl (sladiyjo amd o il (E5b JSIle 5 B,
Al oo )3 S slacs sl oyl qapmd 5> ot BB (WLl g5 5l3e A) plall 5 (SWle cudlas) 5950 50 3390
S o ) loxe

(392 90 id3) 5391 < 00 6 S 1 g F—F—0
Obb bl dly ooy j dinej cnl ) olitd & Cwsl §)L5 Glacdlo ;g «silo Sp @S OB S
5L Sl 4 1S o bty SlgeleS VYom VIF 55k 5 Cilies clals b elayiyls ) molStan] ol loss (gjlslel,
odws 031> ULM.\J \% J&w » ))Lw dl.b:oli....w‘ L)”l g,‘.u:e&o .LSL;«: n,_mljs )L., U"L"] » ‘) u_"é).» dl.h:9).)3$ Zr 9 M]

Sy s e o o
A o
N i
,.J‘-’" 5. - '\"“"'w.‘"

L :

) m,mu_;’g \;‘ Sv( b /

WP o = i e

) = \J P Ay

TN /".{"0\ B | oo .”\\

o BT o L r / S ) = \
S N /%’ i iy \

e W A 3

O 53 25390 @9 55L5 slaelin] Y S



VPP ¥ 6ylas Y 590 sospiusds €2 puy (6 hiCiawlaaw rrv

LS‘)f K> pie 3&»)&[&3 lbuuyy'l 9 u.wfl’:' LS‘)? dpLa;'&] 9 (P9E dlboli?w.ﬂ oy uwl/el A5k ‘o..\;ﬂ d\.:ad..ol})g
P By eyl poladl Sl olKuwl cile gopb Sl pl p e des I Cwl bedlwyp; (b
229250 Gy (55 | dge Bolatul g (5y90,00 LR3I 5 ekl Cdgrus jslate & Sy eagl Glojle wegl slaelSadss
VFe 3l Ve s £ L i (B ooyl oS855 55 (5 e (B glamms] (colaidl )L bS] gl sl b

3 oslial (e 2 ASd 1 )Lt 3l 5 Sl 5 B (S5 el e (la)lSaly ) (S0 s Gy o psbplen
9 D9 oo o3l Cud 50 oddadei dile 5y il ey cpl ) ] Cam oBiBg5 ASle (ogate (slaolRabyr > wlub 5L
Sld 5L L) 05 wle (la el > edgr Copde o | (1 peSI L &S gy ) S cad Bl aS sl
Losgnl sl 1y 5,5 csloaie i S s Gl (o5 a5, ) 5 o 635l (il > 2516) oo
5L slolKing] By opol sliwly 55wl Sl 3y )3 ol slacelo 1 &S Gld Gy 4,05 |y cmd o yialS
2 Bdse sWojsn alis (bsy cnl Wl (Shb melidgd olieSe s (slaolgys 5 shdyes il Il xS
aly 5l bl COz Ll asly wad o ials ) Jowd a0 4 (Siuwly bidds o plhdodon doyd AN &S L) 59
oo 3 Mg b o wliie S oS sloolSgys (p)S Ve 5 4 (lewd &S )3 jreglS p p)S VO- ) Wiy go Bl
S oo 635 ol sl gl abad | g a8 o el 15155 Bblie )3 1) (el ()l
ol 04 &B1)] )50 o 4y 0EDHlg (B

s § e

¥ L
(6520 sy St

- ()30 Lee) TYTOOTFA 1 Teee iolal &

N LN

.ﬁ T celuolg LS FYT il cud b 0
 GB/T_CCS2 :5,L5 pruw

=

Al Gy (B o ST g la gl day)ls 5l (K (56 Slasuie N JSWG

Al Jilug 53l 5 Qo> T b A (g 0T -0
b oS gaias Sl €0 b ) 4l Bl (Gilo S aole 2b? (9 0l 5 S Capde 53]y Sl I (S
CSyh ) paadS (o g Sy JBgdes 4 NS oolaill 5 plupj (o3 (38 Ml Ailraen gy Bun



rrr 015590 9 (0 3Bob | o/ et (A Sig o olo Iz 1YL o Jomi

dox 1 s JBges Glooged glgl (siloidy ol (63509, b b opl il as Jl 5o ISl sl
o ol 53 331350 IS990 5 (paud Al flug g (ST ) (cogaddes (o pggl 45k) (ages (B
S 098 iloiseg o By (B 9L drwgs diaj > Sl 3890 slogI b ond (M o Malliye Clsyos 5 65002 b
By )l eelSiwl alex I (B &dE blug 55l lp oY slocdloy; ohb o olils )b ore slojgne
b cudyb ) (SiSe 5 5l 39e B el Slabyy nien ul pasid slagyg 5 o ST da gy
bl g o3l 5 (B Sl lolid LB sl 5 > )b ol ccanl 48,5518 oy )90 55 64 5 @S
CodsS dgngp o (Sogl] (ials jglate 4 530 (alS g A8 e |y (Sl By 3 paa cJgtume sladles e (Sinlen

D)5 S RS 3l JBg e duwgi g (Mg 0ed (S

dxgi Jaudli g Iiiacy .F—0

B e )3 oages JBg e (B30 4 (B o ST g lagwgil 39)9 9 4Byl 5L laoliuw] 2l b ol
L 5 bl B osd JpaS) Catny ks (lmolSiung] sl 4285 )15 jlly Jg Jo> 839> )3 gy RSN Sy & (4
9 Br A syt S5yl Wle goiia S5yl e g wy aisyld J) pSope b (edle J ) Gy e
S olejer Slatdy QUlg ol cpl A8 oo wal )6 (B (9L 55 sl ga205,8 lacslo (oS 5 slapionw
9 S5l Grae Giludian 4 (ileS lacels )3 5L dadgn Copto b g B |y (ST g eyl (w2g B ol
Mawi &S (gysb 4 fcwol By Bl pReuin ]38l c)l s el jlulpuds WS oSS 5y A lid Lials
i o> 39)9 b 55 (B b S Sl g dwy ST ol Jlo 55 oliws Hla dis 4 e sl 1 3 o uggl
5 OBy sl oy gt sloply b Jlo glacoles b cnugs (ol AT (155,53 1) b oges g Ja> 5,42 ol
u»);,\J IS R VR TR e v oKy wile L;olc L;lm.)LQJ S)lKen b a‘).o.ay ol glcwd L l.:bs)b?& &)
5 oslitl ¢ b Cilises 3blie ) LobiecSasS )b (cloolSiug] b ytad (ol 1 oMl 3,5 walss (SaS Sl clagg,sls
Ol aleg 53 loyoo Jolas ]y (Jond slacdgw & (Stly 9 85 (o s |y 351 )L pdiies byl
CaieS 535 ol o8y coly sl ol 5 s loanl dgn (Sogll (il g g oo s gjludiaden b Y g0
iy Jolgd deur 1y lg b (S5

16 39 By JigJos Arwgi Aol w N —F—0
R 3 Jlb (S g ogrgil (9L S Jolis S5 5 JEgJer ol )b Loy 0150 IEMLIY Joao 5 ¥ Jgi
pd o ki [ VFeA 381U gilogt iojls Bl olawi o VFAY Jlo o a5

(Sl g JBgJa> gale )b ialia) VoA B8 Lugagil (550 (gjlugs g anwgi Y Jgia

U 55 3,90 59U alass _ ol 81y 55 3590 9 alass alaxy
. . 5590 gL dlaxi - - . N . s = .
by ao )3 10 cluisl . OB gl dlans OB gl dlawi Jus (Bl 4oL g4
. VEA 1 o 5l
YEA @B W mae (5ilwgl dejls 9290
JYYY o V-0 Y- ¥0 1+¥0 )5 yoaes]
£Y00 Y. . Y- YY.. @ole ogg]
VWA VW Dee Do Voo PP

FA0A 0. 50 OYYD OFYD Iz




VFeF Y 6 jhouts oY 8,90 e b 5y Miaoliws rre

(S5 9 JogJo> gole ok 12 o) WA G (ST Q55 (53logi 5 anogi & Jgur

53 3W9 3 90 5L dlans

VEoA il 3Woo 90 was (B glslans (gilwgs akojl gl dlaas Jlxd 159U dlaxs OBl &g
YVeoo Y& VWeoo yYY.. S k>
A« - YAs o Yoo Yeuu 8
INARES Feoore 72X VARE #0990 (o53,5) (555
Yo W . Yoo o9
AWAF. - OAY- - Y\S-- FYees JS zos

)8 Kled cudlad 5] g (53,5 gla ST AL 381 Lo o %

2 Ol Gy (TR (i ()b b degs g g Sy wssil waly eS8yl sasis] GleMbl b gillas
ol 08203 2500 lly 5y (slb gl Logas

) Ob.e‘}' d)b)-erﬁ L;)\;\fgé.\m ‘OI).Q(T R u_")‘.“.fb 5 o)l 9 Cuypde OLo)'L» )’] odsdd] wleMb! b d)Ua.a (e
Od el asuiie &S el jlen sl 0ol Lis B Jodar 3 (B slrgded 3959 ogad d Cuewo Olig
J8 Cmo O)lig 903,53l (019 95395 ol Jlia Ve g i (59295 olSawd YYB-+ Jali) (B 9,395 YV- - L
o yl50 80 5yl Bua Jlo (bl U 39y 00 el oplply S 3)ly (B Glilog)ags bawgs (B 5)355 TV L
A3l antly cullad lpad el (S bghad )3 (B (995

]y L;lzzsgwfl}' C)Ib)lg &G 0 J9..\:-

09 95395 dlaxs 95995 dlaxi obojw
ARFIERS YV O3S (81> 4
- A2 Caowo O)ljg

Olae yew 30 53l ol SIua g arwgi Aol » ¥Y—F—0
bl 2355 5 1S bl p 505 b By gl 5 (SE 5L lrolKinal il (i ol b ooleiiy A
oKl cuas gl adol (eolpisiy bl &)l ¢ Lol CGun Al eges Jag o sl slajls (g6 7wl b cunl on
b > @2Vl ol Sl a8 (B G Blag | ames ol S B cul (B slagensl 5 ST Sl ool il
Py s (b gla ST olaws g ST bolas (515 Jas las s j18 dblie o bl ol loads Gl (gads
@ bli ol (ol (SaSly opiomen S (0 bl |y @y L0 sl 2Vl OS5 Ngd oo Cgucme b (3ble
4 s 3ble (o Bl & (gy0b @ S palyd i maw o 1) Jolie 5 CaleSy Gide & sdis b glaisS
ol g &y (swyund b wST 235 5 ez Lol Slye 4y bl pl (o5 abl atdly oy )L ool
B ASed 4y gyt jelad gyt lajline liomen am3 oo ST G5l sl Sl (lej g WS oo St |y S,
L (DC) g 5l sboolSimn] couas (sly adgl (ool bl sl pl b dogi b diiud dsl dlpiiiay laad laodgass
A B agdy YO U Yy 5l Slojb5b o1y ba oSt (6,5L silgs o Lol (] ilosds sl (lgglS VY b8+ ) YU olgs
el copimed Cal (Sl sl JiaghS Yoo B Ve wliy) Ghalon b by ST cllid polis (sl o5 S 55l a0
L ls gcdloy; Salon b Sy 2,5, opl S 5l 1) 058 slrgydes wd (b oigd 5y e slaceln



rra 015590 9 (0 3Bob | o/ et (A Sig o olo Iz 1YL o Jomi

bl ‘_;K CasBgo 4 IS 'J“'fu“ S8 O‘ﬂr." 2 (PPE ﬁ?J"’ )‘-’?.l?.. “"“’9‘ 4 ‘@')#“515 Olfﬁb u’L“l“‘; sl
A3 o i |y By (ST 5L claolSin] cual sl (soleiing &)

m"x',
;\“{-}Lw}\si A \‘* B '.é
iy | L7 "\\

8 ~ o \ o
\-\ (_/ | ) 7 \ 7
: \ ] 55 : N i
NS SRS B e
/SRS TV e D N 4
1 \_\ AR aal? Plan's \\»‘ P f'
e \ ke /
9. R Lif
‘,r | § i/ =T\
e Ty —

:f
) ‘i
VP

| ,‘ \
.t A3
L})g ‘_;-.SLT ))L.u oK cuas ‘_;1)4. ‘531.@(..‘..‘4 4.,‘.]5| u"’l?; A JS.«J

JBades (B30 siluBp &by ) (ise plgie @ old b 3 (Br gl sln 5L GlaelKul el
s el Sldas oL Gl Gan b (ghyaely pl cwl Slwl bl Obal g 38y sl siejli « eges
Sggl lp 5)le ol .l ord pbsl Sl wagl (B 5L &ljg) Sldes 5l Slutdy g «iByi ploj (il ¢ By
5 WnolSiBys ) losd iy (Shmpsl slaolSibs > lame (oS (slajlkne ) slacgarne (53,5 5 o L (B
sty Bl Sl g (BT (sLad a4 (o yid Jid> 4 i)s )18 Sy ol a5ty €8 58 Slles sbolio b bglas (sleal )
28 o Juten |y IS5 35 pata e dnlSe il 53 5515 (slaolStng) (555 )1,3 Wlord bl og2ge slacsluy;
Cumbye Jd> 4y olSiBys «onl oMo Midu oo g 1) LS iugle; 9 eyl <8 delip n (Siales 4
58 oo @al3 1) oyl oS Conlyial laglej )5 @y 55U (el 355 (sl ppane 40 (S35 5 cuslio (LSl
(et )15 1) o] (ST davg clls 5 sten Jate Jlob Gp &S 4 (Bl b 5l LIS (ol K3 e
b jlid (il o A3 gy cnl i & pebplen 6lud L8 Sl eslatul (535 L5 53 L elSis] ol ()b
Db 551 Srgo e ORIF g 3Pl duse SRalS (3

Vb olg b (DC) @ slayiylis 4 jaome (Sob (Slymwagil sloolKigs )3 )L slaolu] darlyd ol 4 d2g5 L
9 &Sy doliy bais (gl a8 WS Sl o p A B celw YO LY by b wegl (o5l il o bys,li pl Wgd oo
5L oitaa) i (sl gl (Ol Sl Cumbge Cusl (Gl s jiluay bokas 3 3T 5l (oSl
ol oas o3y s Ve IS 0 (B syl



VPP LY 85londs oY 8390 o5 ppeid byl (5 ) ieoliww rre

@ A

Sy e e e o)
O Sl

SN N PN ST
¥, S NS
AN ¢ / x| =

S8 90 JBgded 5 3lud p g SWOT i .¥—F—0

(L 5 docuo s dacinsd dacgd) SWOT Lo (ol 0 JBges silo dn 5985 Candg ol b))l sl
P Bp JBgdes duwgi p Fhe (died g itus B) ()1 5 (ind 5 oo (JoI> Jalge (Jdod cpl sl o0 ploxl
sl 005 1 VY S 50 il ol ol S e ol 0] (lacs Bl (gl ly oty 9028 alwlid |y ol
A5 dolgs oolitl (g IS )3 e lasleidy ly sl Clgis 4

o bla

50l sl Lu 5 5905 Y/
& Gy aSs (Saly Y
hed SS9
YL 4yl slaay 30 v/
et (55, 39S V
e

o3
(S 95 (6551 Jamiliy ¥/
59 alie
5oz 9595 5 6 sV
S Jasg o slolis a3V
el jo (63,40l o lld v
4|

il

Ogd bl

05) (she sl Colem v/
(dowg pa 4ol o SL (slgn

ool VAQ) adgl By gl V0
(VF-Y L ST VDY

il 5, 5l ooliwl culls v/

" Siludp ez b Y

\ S

A

ooy o

Slazog slacusgams v
Ol (slod 9o b 8, ¥
2yl (59095 995V

B ool xbab 5 55005V

g JBgJe> (il B SWOT Lo VY YK



rry 015590 9 (0 3Bob | o/ et (A Sig o olo Iz 1YL o Jomi

&) 4 ol catbge Ll o)l )18 e Joos Bl )3 o5 amoe (U5 s JBgJes (s3lo by SWOT oo
Sl 6P Jeily pogad iy cS)lhe g o slacoles D2 o) (S el g (Blopj cbAKS
i sl wlie b 5y 8d 4 Sty 5 loy; scadgione bl w3, dbol By oS5b sk oluio
O 9 45 Ale (ol )eiS b gladate (g)an Sl g syt (51 iy 3 e (2K (laecanj 2L
L8 Wil golow (Sialoal (Jlgpl b ites Jo5 cpl 4 (200S )y S lacas b )5l Sl sl
@i (Sialon o Sladl (59,65 gl (hjgel Wby (Vg 093 Jlosl (gL cloaizjo Jials (ol diadan (slawil)l,
25 J.:.:b|9$ colaa ol Jm9J4;> Coow |y Ob.e‘}’ Dg>90 sl Juwsly 5 6050 00 b a5l il Oi] g Cu gds

Losts Juloxi g oon .F

Ll il (ol 50 olil dag G5 5 o (Sogl tals (dly )l plye @ s JBgde> ilu
VY )0 55l AY 5 00938l g5 Bl 4y By (ST WAY g wagsl VAR a5 VFY LL B oy 1,8 gloaislgnl
b ol dgaze (ST YAYAY (oggsl ¥AV+) 850 9 4 Cuws dinpp dacd iy cpl Gl 0,8 cuad oK)
gl ) Cal jouw J325 sl s pje BB (pogad (i5u ladls)lB g (Sh lga 98) ol slacoles
Cusgion) il o ol 5 (6)V3 3)kke VO (5,150 lo s 5l )55 (oo A 5 (B (59,355 (el MY b
Bl we lagydgd (99,8 Jlia Ar oL e Ve g phinaod 8o WA G S L 95 g 03 0pe (O ) (e
Jos sl dalge (B (VL sloauja g o od 5 B il d9eS Wle plaille b bl ol il 038
S5 Jeaily o placuop b pogad (len (b Coles WSl (ol lacgd md e L SWOT
5 (el lin) ol (Saloal sloyses bl b e Cagii )old JUnl lp ladate )San 5 gind)s>
Yo l, COY il wlgh o (gl By dimd oo HLis Il dewgd Ailaw Cgjls )0 ol Wilcd piy xile a3 Codgizes
Dordy g eSlop JieghS p o caw VO 4 Vel Sllee ladiia (phinsos Gp e 00 L) aas ials Aoy
S 5 Sl 3t 5 L) o5 i b)) Iabgelimyd bl Aliie c1m> (il 2y ¥ elas)
o) 55 i) |y e (Sinled 5 o alen bl 1l olg 4 5l 25T (Ll Sinleal) Uil
5 o bl 5 53 50 IS sl sl sl il Ll 5 e Sl 2 45 L b

o5 Sdlenin g 5 pF 4k N —F
ol sl g Jlo e Bluy; glge 2 ale 95 5 daaie o (Sogl JalS Jesly b colies JBgdes gilo
b 5> sl dly ol (Salon g olul (Jlo colos (598 colupj 4 Cudbge amd o LI S99 (e b dulie
s 4 IR e (sl s e ) (ST o ye)d (5 S ke o 3508 g (Simlanl) b g il (glocunsls oS
9 o W) i bt b JBg o ) (sladlate
(colil 5 I3k siilo) Kbl sblio Caglyl L VEA L g0 55U (sloolSiun] dnugs tiladion (sdpdye 5)L5 4Sd )
ey Sl pSepe 9 SHlls Sl o)l psSl L Gl 3y90 (g3l 8oyd Yo sl sndygd sy ) eolil 4
WS (oo e |y 6yl @l 5)LS 5 (3l (gilwe S ot b aSid ool Glitd 89>
VU bdyie doyn ¥ ials Gaa b
Ohigel Gl €S gl Jled b Glae 5 Jliomd slagmeS” lipl ibisel Gk 5l elenl Ghpdy sl ¥
5 oSl Syl ale Lbre (slagorie Gl glol i (Cigw Anjp oy A LinlS) siledy sblje



VFeF Y 6 jhouts oY 8,90 e b 5y Miaoliws rra

dawg b OFA L By saie b oodguyd lagwmgl 1o B0 (0l ioeg (6ygld b B5L (iley ¥
OpiSS B e sl s 3 (8 hjsel ST bl I3 Saobliel b o)lKen 5 (stashS ¥ sl sl
NS b s
b lsbiwl Jolds ¢ By Bol dopd YO Bua L «VF+A il By zols zib» oty e LSS cwlw Gz yl> 0
Sl Gly pogad (S 1 g o O)ljg )b jpan b (Sialen slhgd S5 5 gy (SanYI
Ll sl 5 popd b e LSS
))L.: Colsl8 )‘I odlew! 9 AYA U O‘)'@H" B A 5O L;)Lg 9 (S yo> 63)5‘ ok uwl)sl aSb 4.53)5‘ 4 Jlswl 5
O Al Gl Copte gl rgyngs Al
($3dy $55N) S slacusp g (pogad (s (dwlw coles) ol o p 4SS L dagil gl o)
e ’\“SL!" J"\“‘ 4"’L.‘.“’)9l$ ) )LL‘lJ L5’9§H 4 |) ul)-é(‘ 9 °3)§ é—é) ]) WLAA} 9 Ls‘>"“’)‘) @I}a c(dlc\.n.b.m LE)KAR’
CuiS o)) g daansn (ojluaigs 53¢l Lals IS daslin cpl slial (gl axols g ( pogad (iso «dgd sl
Gl cosly o (S5



rra 015590 9 (0 3Bob | o/ et (A Sig o olo Iz 1YL o Jomi

&b

1. Climate Change 2022 - Mitigation of Climate Change: Working Group Il Contribution to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge
University Press; 2023.

2. Creutzig F, Jochem P, Edelenbosch OY, Mattauch L, Vuuren DPv, McCollum D, et al. Transport:

A roadblock to climate change mitigation? Science. 2015;350(6263):911-2.

Climate W. Greenhouse gas emissions by sector. Our World in Data; 2024.

International Energy A. Global EV Outlook 2024. Paris, France: IEA; 2024.

World Health O. Ambient Air Pollution: A Global Assessment of Exposure and Burden of Disease.

Geneva, Switzerland: WHO; 2016.

Energy USDo. Internal Combustion Engine Efficiency and Energy Loss. 2024.

7. United Nations DoE, Social A. World Urbanization Prospects: The 2018 Revision. New York, NY,
USA: United Nations; 2018.

8. International Energy A. Transport - Energy System. Paris, France: IEA; 2023.

9. Ritchie H, Rosado P, Roser M. Breakdown of carbon dioxide, methane and nitrous oxide emissions
by sector. Our World in Data. 2020.

10.European Environment A. Air Quality in Europe 2023. Copenhagen, Denmark: EEA; 2023.

11.Intergovernmental Panel on Climate C. Climate Change 2022: Mitigation of Climate Change.
Geneva, Switzerland: IPCC; 2022.

12.China Electricity C. Annual Report on China's Power Industry Development 2023. Beijing, China:
CEC,; 2023.

13.Norwegian Water R, Energy D. Measurements of Norwegian Glaciers in 2023. Oslo, Norway:
NVE; 2023.

14.Hawkins TR, Singh B, Majeau-Bettez G, Stramman AH. Comparative environmental life cycle
assessment of conventional and electric vehicles. Journal of Industrial Ecology. 2013;17(1):53-64.

15.Barry K. Will an Electric Car Save You Money? Consumer Reports. 2023.

16.United Nations Framework Convention on Climate C. The Paris Agreement. Paris, France:
UNFCCC,; 2015.

17.Agency USEP. Summary of the Clean Air Act Washington, DC, USA: EPA; 2024 [Available
from: https://www.epa.gov.

18.Internal Revenue S. Inflation Reduction Act of 2022 Washington, DC, USA: IRS; 2024 [Available
from: https://www.irs.gov/inflation-reduction-act-of-2022.

19.European C. Delivering the European Green Deal Brussels, Belgium: European Commission; 2021
[Available from: https://commission.europa.eu.

20.Norwegian Electric Vehicle A. Norwegian EV Market: Electric Vehicle Sales Statistics 2023. Oslo,
Norway: Norsk Elbilforening; 2023.

21.BloombergNef. Electric Vehicle Battery Price Survey 2023. BloombergNEF; 2023.

22.European C. 2023 Strategic Foresight Report: sustainability and wellbeing at the heart of Europe's
Open Strategic Autonomy. Brussels, Belgium: European Commission; 2023 2023/07/04.

23.Roland B. Electric vehicle charging index 2024. Roland Berger GmbH; 2024.

24.Ministry of I, Information T. Revision of the Dual-Credit Policy for New Energy Vehicles (NEVS)
2023. Beijing, China: MIIT; 2023.

25.Bastida-Molina P, Rib6-Pérez D, Gémez-Navarro T, Hurtado-Pérez E. What is the problem? The
obstacles to the electrification of urban mobility in Mediterranean cities. Case study of Valencia,
Spain. Renewable and Sustainable Energy Reviews. 2022;166:112649.

26.Tarei PK, Chand P, Gupta H. Barriers to the adoption of electric vehicles: Evidence from India.
Journal of Cleaner Production. 2021;291:125847.

27.Noel L, Sovacool BK. Why Did Better Place Fail?: Range anxiety, interpretive flexibility, and
electric vehicle promotion in Denmark and Israel. Energy Policy. 2016;94:377-86.

28.European Environment A. Transport and environment report 2023: Towards sustainable mobility in
Europe. Copenhagen, Denmark: EEA,; 2023.

29.Agency USEP. [Electric vehicle charging]. 2023.

g w

IS


https://www.epa.gov/
https://www.irs.gov/inflation-reduction-act-of-2022
https://commission.europa.eu/

VFeF Y 6 jhouts oY 8,90 e b 5y Miaoliws rre

30.Co MMPMG. Selected statistics of transportation and traffic in Tehran 2023. Tehran: Tehran
Transportation and Traffic Organization; 2024.
31.Riahinia S, Moeini-Aghtaie M, Fotuhi-Firuzabad M, Maddagh H. Impact of electric transportation

on air pollution indicators in Tehran metropolis. 14th International Conference on Transportation
and Traffic Engineering; Tehran 2015.



Online ISSN: 3092-6564

gﬁ% Urban Development Policy Making
W)

4 Home Page: https://judpm.ir
SAsnAnsS

A Smart 10T-VR Framework for Designing Urban Flood Warning Systems

Ramtin Tavoosi Rad'*) | Mohammad Ansari Ghojghar®’

1. Master Candidate, Department of Reclamation of arid and mountainous regions Engineering, Faculty of Natural
Resources, University of Tehran, Karaj, Iran. Email: ramtintavosirad@ut.ac.ir

2. Corresponding Author, Assistant Professor, Department of Reclamation of arid and mountainous regions Engineering,
Faculty of Natural Resources, University of Tehran, Karaj, Iran. Email: ansari.ghojghar@ut.ac.ir

ARTICLE INFO

ABSTRACT

Article type:
Research Paper

Article History:

Received 13 February 2025
Revised 19 March 2025
Accepted 11 April 2025
Published Online 10 May 2025

Urban floods are among the most significant environmental, social, and
economic natural hazards in urban watersheds. This research aims to explore
the feasibility of utilizing cutting-edge Internet of Things (loT) and Virtual
Reality (VR) technologies for designing smart urban flood warning systems.
Using a descriptive-analytical approach based on previous studies and library
resources, this research analyzes the concept of urban flooding, flood warning
systems, and the impact of loT and VR on flood control. Flood warning
systems play a crucial role in predicting and managing urban floods. 10T is

employed for collecting, processing, and analysing large-scale environmental
data and sharing the obtained information with other systems in a cloud-based
shared environment. VR can be used to materialize scenarios and simulate
them to find optimal solutions. The results of this research indicate that the use
of these technologies leads to increased prediction accuracy, reduced response
time during crises and lower costsduring urban floods.
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Introduction

Floods are consistently among the most dangerous and serious natural threats to humans, causing
significant economic, social, and infrastructural. The ability to predict and control floods is now of
paramount importance. Urban flooding occurs when the capacity of both natural and drainage systems
is insufficient to handle rainfall and runoff volume in an urban area. The advancements in technology
and artificial intelligence now allow for accurate predictions at various levels of natural disaster
control, including floods, leveraging the rapid learning and analytical capabilities of these
technologies. Using smart technologies for disaster prevention and early warnings is a recent trend,
rapidly advancing due to increased information availability and the combination of artificial
intelligence, big data, and the Internet of Things. Flood detection and warning systems are vital for
predicting flood-prone areas.

The metaverse is a digital world allowing for the realistic depiction of physical-world phenomena
in a virtual environment. Virtual Reality (VR), a promising tool in various research areas, is
increasingly utilized. However, the integration of 10T and metaverse VR in flood warning systems has
been limited. This research goal is to provide a smart, integrated framework using modern
technologies like 10T and the metaverse's VR to design and build flood warning systems.
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Methodology

Because 10T systems exchange significantly more data than traditional user-device interactions, they
generate a large volume of data. Sharing this I0T data in a cloud environment enables extensive data
analysis to support future decision-making. The large volume and diversity of shared data improve the
accuracy of predictions in similar situations. loT-based flood warning systems comprise multiple
layers for data acquisition and transmission. A sensor layer uses highly sensitive sensors to collect
environmental data. This massive data volume is then transmitted to a cloud environment using
wireless networks and 10T. Once in the cloud, advanced Al algorithms analyze the data, identifying
and extracting theoretical characteristics of water flow energy. Emerging technologies like Virtual
Reality (VR) therefore greatly facilitate the design of warning systems.VR create a realistic
experience, a virtual environment closely mirroring the real-world. By placing individuals in
simulated high-risk situations, their reactions are evaluated. Repeating this process improves decision-
making skills, allowing the lessons learned to be used to train others and further enhance the virtual
environment.

Conclusion

This research clearly demonstrates that combining 10T and VR technologies creates an innovative and
efficient model for designing urban flood warning systems. This not only reduces response times and
improves flood prediction but also enhances public awareness and preparedness. 10T can be used to
collect, evaluate, and analyze large-scale data from specialized environmental sensors. VR's ability to
create realistic simulations is beneficial for training citizens and emergency personnel, improving their
ability to remain calm and effectively manage situations. This prepares decision-makers for various
scenarios, preventing unforeseen events and mitigating the element of surprise. With prior preparation
and appropriate measures, damage from destructive climate events is reduced, citizens' lives return to
normal life and significant savings are achieved in terms of lost capital and expenses. Therefore, using
VR and 10T in flood warning systems offers significant social and economic advantages. In general,
employing intelligent systems for managing natural phenomena is crucial, transforming recorded
observations into modern technologies applicable to disaster-prone areas.
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Air pollution and traffic in Tehran have become a major challenge in recent
years. By examining the data published by the Tehran Municipality, part of

this challenge can be seen in the reduction in the number of Tehran city buses
and the slow pace of their electrification. In this study, referring to the lack of
financial resources in the contractionary state of the Iranian economy,
financing methods through the capital market have been introduced. To find
the best financing option for the electrification of Tehran buses, these options
have been evaluated using the TOPSIS tool. Decision matrix data has been
collected through a questionnaire from 21 experts in the field of financing.
Finally, considering the four criteria of financing cost, size and capacity to
absorb resources, time horizon and ease of process, lease-to-own bonds were
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use the capacity to issue savings certificates for the municipality to complete
lease-to-own bonds.

Article History:

Received 16 February 2025
Revised 19 March 2025
Accepted 14 April 2025
Published Online 22 June 2025

Keywords:

Public transportation,
electrification,
financing,

capital market,
lease-to-own,

air pollution,

traffic.

Cite this article: Hosseini, M. & Moosavian, F. (2025). Ranking of financing methods for electrification of urban bus fleets in

the Iranian capital market. Urban Development Policy Making, 2 (2), 247-262. DOI:

E Seyed Mahdi Hosseini, Seyed Farhan Moosavian
DOI: http//doi.org/10.22034/judpm.2025.510867.1015

http//doi.org/10.22034/judpm.2025.510867.1015
Introduction

Air pollution and traffic in Tehran have become a major challenge in recent years. By examining the
data published by the Tehran Municipality, part of this challenge can be attributed to the reduction in
the number of city buses in Tehran and the slow pace of their electrification. This study referred to the
two crises of air pollution and traffic in Tehran and discussed the necessity of electrifying the bus
fleet.

Methodology

To solve the problem of lack of financial resources in the current state of the Iranian economy,
financing tools were introduced through the capital market. To select the best option, the financing
tools were evaluated using the TOPSIS model. The decision matrix data was collected through a
questionnaire from 21 experts in the field of financing. Finally, considering the four criteria of
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financing cost, size and capacity to absorb resources, time horizon, and ease of process, lease-to-own
bonds were ranked first.

Results

This tool collects funds from investors, procures electric buses and leases them to the Tehran
Municipality; upon maturity, the buses become the property of the municipality upon full payment of
the nominal value of the bonds. Also, for the sustainability of fleet renovation and development, it was
proposed that the Ministry of Qil issue an energy saving certificate to the municipality and sell it on
the market.

Conclusion

This study focuses solely on the urban bus fleet and does not consider other options such as metro,
urban taxi, and internet taxi. Also, despite covering both equity and debt financing options, financing
from international sources is not considered. Given the importance of reducing emissions and the
energy transition process, the use of international capacities can also be considered. For future studies,
it is suggested that the global literature on new financing tools be reviewed. It is also possible to
examine the necessary incentives to facilitate the process of financing fleet electrification.
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