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Abstract

If we be aware of the trend of air pollution and the factors affecting pollution, we can reduce these factors and
think of important measures for them and work to protect the environment, including the air, which in turn
reduces the long run social and economic costs of pollution. The Euro 5 emissions’s standard has been
implemented in EU member states since 2009. This law was supposed to be implemented in Iran from 2012,
but it faced many obstacles. In this study, due to growing trend of pollution in major cities of the Iran, the
emission of carbon monoxide (an indicator of pollution) has been simulated using the system dynamics
approach in the period 2021-2042 for the city of Shiraz (as a case study). By continuing the current situation,
the population of Shiraz increases through two natural population growth and migration. Appropriate air
pollution control strategies have been proposed using public transportation, technical inspection, traffic
management, and the offer of alternative fuels. Based on the simulation results in different scenarios, replacing
Euro 4 gasoline with Euro 5, carbon monoxide emissions in Shiraz will be significantly reduced in the long
run. Otherwise, the continuation of the current trend in 1420, carbon monoxide will become a serious challenge
for the city of Shiraz.
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Introduction

Pollution refers to introducing contaminants into the environment, causing harm to living organisms, and
disrupting the natural order. With their concentrated industrial and vehicular activities, cities have become
significant sources of air pollution. The global increase in air pollution and growing awareness among
individuals have fueled the environmental movement, aiming to mitigate the negative impacts of production
on the environment. Strategies and technologies exist to reduce air pollution, including proper land use, urban
planning, and transportation infrastructure design.

One significant contributor to air pollution is the combustion of fossil fuels like coal and oil. Reducing their
usage or transitioning to cleaner fuels can significantly decrease air pollution. Clean energy sources such as
wind, solar, and hydropower are vital in mitigating air pollution as they do not release harmful emissions.
Without effective environmental policies, the concentration of pollutants in Shiraz City is projected to exceed
permissible limits, leading to short-term and long-term adverse effects. ldentifying pollution sources is crucial
but time-consuming in air pollution modeling. Modeling air pollution requires the consideration of multiple
variables to understand, analyze, and plan for the issue. Implementing specific measures can bring noticeable
improvements to air quality in cities. This study aims to develop a model that identifies the main factors
contributing to air pollution in Shiraz, examines the causes and sources of pollutants, and provides forecasts
to facilitate necessary actions and planning for pollution management and control. One focus of this study is
the use of higher-standard fuels to reduce pollution.

In Shiraz, continued reliance on fossil fuel consumption and the growth of other pollution sources (such as
population, migration, traffic, energy consumption, and aging vehicles) will increase air pollution. The rising
number of private cars and increased gasoline usage are significant contributors. This trend can be mitigated
by implementing various scenarios, such as promoting CNG-fueled vehicles, reducing monthly travel rates,
and expanding green spaces in Shiraz to reduce air pollution.

In 2000, the "Comprehensive Program to Combat Air Pollution in Tehran" was developed and approved to
achieve clean and breathable air in the capital within 10 years. The program encompasses seven key areas,
including standardizing new vehicles, phasing out old vehicles, enhancing public transportation, improving
fuel quality, implementing technical vehicle inspections, managing traffic, and conducting public education.
The program was implemented in collaboration with various entities, including the Ministry of Industries, the
Ministry of Qil, the Environmental Protection Organization, the Tehran Municipality, and the Traffic Police.
A comprehensive transportation and traffic plan for Tehran was prepared and approved in 2007. This plan not
only focuses on expanding and enhancing the quality of public transit but also emphasizes the phase-out of old
cars and motorcycles, the production of dual-fuel vehicles, and the expansion of compressed natural gas
availability. These objectives are aligned with Iran's fourth economic development plan and are integrated into
this comprehensive plan.

While most pollution modeling studies have focused on Tehran, it is essential to note that other major cities
will also face pollution challenges in the near future. This study aims to address this gap by modeling pollution
in Shiraz. The goal is to simulate pollution and explore various scenarios to reduce pollution levels. The
impacts of each scenario on pollution will be examined, and the most effective scenario for reducing pollution
in Shiraz will be proposed to policymakers.

Using a system dynamics approach, this research will simulate the emission of environmental pollutants,
explicitly focusing on air pollution, from 2020 to 2041. Six key variables will be considered: fossil fuel
consumption, urban development, traffic, the number of personal vehicles, industrial development, and green
space. Cause-effect diagrams and flow charts will be created by establishing the interrelationships among these
variables. Mathematical functions and relations, derived from valid theories and expert opinions, will be used
to define the behavior and impacts of these variables on each other, leading to simulation.

Considering the unique factors influencing urban growth in each city under study, and the lack of emphasis on
identifying the most influential factors on population growth in Shiraz, it is essential to conduct a distinctive
study for this city. Urban development and population migration from rural to urban areas are significant global
phenomena. Despite facing challenges such as transportation and traffic, limited investment and financial
resources, heterogeneous neighborhood structures, safety concerns, and environmental pollution, Shiraz still
possesses growth potential and remains an attractive destination for migration. However, without proper
planning, the city's population growth and expansion will exacerbate existing problems and create new ones,
including environmental issues and air pollution.



5 Predicting the Impact of Using Euro 5 Gasoline on Air Pollution ... (Ali Hossein Ostadzad et al.,)

In conclusion, air pollution is a critical issue that requires assessment as the first step. Therefore, the importance
of this research lies in examining the levels of pollutants, such as carbon monoxide, carbon dioxide, and other
pollutants in Shiraz's air. The study also aims to analyze the role and behavior of social and economic variables
in air pollution over time. Ultimately, the research seeks to formulate a dynamic hypothesis on air pollution in
Shiraz, filling a gap in existing studies on this topic.

Research Method

Given the complex and dynamic nature of the issue, the System Dynamics method was employed in this study.
System Dynamics combines quantitative and qualitative analysis to understand the behavior of complex
systems. It has various applications, including policy development and environmental protection. In modeling
the spread of carbon monoxide in Shiraz City, the study followed the five stages proposed by Sterman. The
first stage involved problem framing, which included examining the historical trends of carbon monoxide
dispersion and identifying key variables within the model. Documentary data collection methods were utilized
at this stage. The second stage focused on formulating dynamic hypotheses of the problem, identifying the
underlying structures that drive the system's behavior using subsystem diagrams, causal loop diagrams, and
flow-stock maps. Dynamic hypotheses were formulated based on information from the literature and expert
opinions. The third stage involved formulating the simulated model by estimating parameters, establishing
mathematical relationships between variables, and determining initial conditions. Some parameters and
functions were derived from the existing research literature, while others were evaluated based on logical
relationships between variables. The model was then simulated using the Vensim software. The fourth stage
focused on testing the simulated model, and the fifth stage involved designing, evaluating, and suggesting
policies and scenarios for reducing carbon monoxide levels in Shiraz City. These policies were inputted into
the simulated model using Vensim software, and the results were obtained in the form of diagrams illustrating
the dispersion of carbon monoxide under the influence of these policies.

Results

The Euro 5 pollution standard was implemented in the member states of the European Union in 2009 and was
intended to be adopted in Iran starting in 2011, but it faced challenges in practical implementation. As the
number of vehicles increased and atmospheric studies indicated rising pollutant levels, governments and
legislative bodies worldwide began efforts to reduce vehicle emission levels. In line with these developments,
the European Union established the Euro emission standards, which limit pollutant gas emissions from vehicles
sold in EU countries. Under the Clean Air Act, automakers were required to produce vehicles in compliance
with the Euro 5 standard starting in 2019. However, due to sanctions, the implementation of this law was
delayed by a year, and it was expected to be enforced from the first of Farvardin 2020. It is hoped that in the
coming years, the number of Euro 5 cars in the country will increase, leading to improved air quality in
metropolitan cities.

The first scenario evaluated in this study was the continuation of the current state. Simulation results revealed
that without any intervention, the level of carbon monoxide pollution in the air of Shiraz would significantly
increase, reaching 24 ppm by 1420. This increase is attributed to population growth and urbanization, which
contribute to direct and indirect carbon monoxide emissions. Direct emissions arise from energy consumption
in infrastructure and transportation, while indirect emissions stem from industrial production and household
consumption of goods and services. Strategies such as promoting public transportation, implementing technical
inspections, managing traffic, and proposing alternative fuels are recommended to control air pollution
effectively.

The second scenario examined the replacement of Euro 4 gasoline with Euro 5, considering domestic
automakers may be hesitant to produce Euro 5 vehicles. By implementing this scenario and transitioning to
Euro 5 gasoline consumption starting from 2023, the carbon monoxide emission factor would reduce to 0.1
grams per liter (compared to 0.3 grams per liter with Euro 4 gasoline). This change would lead to a significant
decrease in carbon monoxide levels in the air. It is projected that by 1420, the emissions will reach 11.4 ppm.
However, even with the implementation of this scenario, the upward trend of carbon monoxide emissions
would persist. Therefore, adopting additional policies concurrently with this measure is crucial to address the
issue effectively.
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