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Abstract 
Air pollution, considering its harmful consequences has become one of the most 

important environmental crises in metropolises and causes different types of disease. 

Many organizations try to develop environmental policies in order to mitigate air 

pollution. Hence, several solutions and suggestions about this issue are considered by 

experts. Moreover, urban infrastructure development could directly affect air pollution 

and other environmental concerns. Consequently, public transportation has always been a 

logical, economic and environmentally-friendly solution. In this study, the role of public 

transportation on urban infrastructure development and air pollution has been considered 

and different types of public transportation have been assessed. Based on our study, 

public transportation has an important role in sustainable development of each metropolis 

and reducing its air pollution. Therefore, planning and investigating on public 

transportation development is highly recommended by authors in order to reduce traffic 

congestion, air and noise pollutions in mega cities. 
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1. Introduction   

Tehran is one of the metropolises which are struggling with air pollution issue. It has been 

statistically proved that number of respiratory diseases is increasing by 60 percent in polluted 

days [1]. 

Air pollution has many harmful side effects, namely intense asthma and other respiratory 

diseases, cardiovascular diseases, osteoporosis and acid rain [2]. 

The first concerns about air quality of Tehran has been raised about 20 years ago when 

professionals have gathered in Tehran City Park and published a statement on air pollution of 

Tehran  which called  “Tehran’s Air 74”. It has been stated there that air pollution of Tehran 

should be considered as a national crisis [3]. 

One of the most important factors in air pollution is centralized population in the 

metropolises. Mainly, population is the most vital factor in case of considering environmental 

issues. Major part of pollution is caused by transportation activities which are directly related 

to the level of population. 

It is clear that air pollution is a multidimensional issue which needs to be comprehensively 

considered. Reviewing this issue from merely one point of view, for instance socially or 

academically, will not offer a practical and effective solution. 

Two studies have been conducted by JICA and a Swedish company and both of them 

revealed that major portion of Tehran’s air pollution derive from transportation. Moreover, 

Carbon Monoxide has been known as the main index of air pollution and NOx and CO2 were 

at the following ranks. In the first studies, quality of vehicles and fuel were introduces as the 

main reasons of polluted transportation. 

In the published plan for reducing Tehran’s air pollution the first action was enhancement 

of public transportation which has been done mainly by constructing and spreading Bus Rapid 

Transit (BRT) and Underground systems. In addition, many standards became mandatory for 

vehicle manufacturers and natural gas based engines became more available. These actions 

parallel with educating people about importance of air quality and energy use has improved 

Tehran’s air quality slowly. Many other solutions such as dismantling worn-out vehicles have 

not been managed effectively. There are still 600,000 old vehicles in Tehran. 

Nowadays, Carbon-Monoxide and other pollution materials are measured below the 

standards; however, suspended particles are still a problem for air quality of Tehran. Crucial 

and definitive decisions should be made in order to solve the problem of suspended particles 

which are mostly because of immethodical agriculture around the cities and irregular 

construction inside of them. Moreover, hazes from outside of Iran’s borders and sometime 

from domestic sources make serious problems in case of air quality. Aforementioned issues, 

prove that any solution for this problem needs to have an overall view in order to be 

pragmatic. 

In 2007, it became necessary that quality of fuels should improve; however, due to the 

following reasons, this important action has not been fully conducted. 
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1- Sulfur of gasoline in Iran was about 400 times of global standards. 

2- It has been enacted that 1 million worn-out vehicles should be aborted before the end 

of the “Fourth Plan”; however, just about 300,000 vehicles had been aborted after 4 

years. 

3- Even by spreading underground’s networks and constructing bus routes, share of 

public transportation is just about 26 percent. 

4- Rate of car ownership is increasing day by day. 

5- Average speed of public transportation system is just about 15 kilometers per hour 

which causes over-use of fuel. 

6- Omitting cultural issues is the most crucial flaw in every solution which has been 

introduced till now [1]. 

Since Tehran is considered as undisputed political, cultural and economic pole of Iran, its 

urban population is growing and based on this, Tehran will experience an overflow of 

transportation each day [4-5]. 

 

2. Public Transportation  

As it has been discussed prior to this, transportation is the most crucial source of pollution 

in the cities. These pollutions are consisting of exhaust gases, suspended particles, noise, etc. 

[6]. Public transportation is always a practical option for reducing air pollution and rate of 

accidents and consequently, decreases in social effects due to traffic congestion and other 

related phenomena. 

 Public transportation in all metropolises is a crucial factor for controlling air pollution. It 

has been proved that public transportation is much less polluted rather than personal cars. 

However, it should not be overlooked that it is more than vital to make public transportation 

accessible and convenient to persuade people to use them rather than other sort of 

transportation [7]. 

 

3. Different Types of Public Transportation 
 

3.1. Underground System 

Underground system is the cleanest, safest and pragmatic mean of public transportation in 

the cities. It has an undeniable role in solving many economic and environmental issues such 

as traffic congestion, energy overuse and time consuming transportation. Moreover, it could 

connect suburbs to the city in less time and with much more safety and discipline [6]. 

Based on report of “Tehran Urban & Suburban Railway Operation Co.”, fuel savings due 

to the construction of underground system are shown in the table 1 [8]. 

Petrol consume has decreased by 1716 million liters from the operation year till the end 

April of 2011. By considering the global price of petrol foe each liter of petrol about 25 cents 

has been saved which means about 4.3 billion dollars for the whole period of time. 
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Table 1: Fuel saving (million liters) due to the construction of underground system 

Total (since 

operation year) 
Total (2010) Route 5 Route 4 Route 2 Route 1 Fuel 

1716 303 92 4 89 118 Petrol 

178 31 10 0 9 12 Gasoline 

 

In addition, conservation in many other parameters such as time, health cost due to air 

pollution and all of the maintenance costs has been observed. This parameters and their 

conservative value is elaborated in Table 2 [8]. 

 

Table 2: Savings due to the Operation of Underground System (Million Dollars) 

Total Saving (Since 

Operation year) 
Total Saving (2010) Saving Form 

388.8 71.5 
Passengers’ Wasting Time 

Cost 

114.7 18.1 Health and Sanitary Expenses 

229.5 36.2 Depreciation Cost 

91.7 14.5 Cost of Accidents 

13.3 3.2 
Maintenance of Urban 

Passages 

838.1 143.5 Total Saving 

 

It has been reported that due to the Operation of underground system about 1.5 billion 

dollars has been saved from the municipal costs in 2010 [8]. 

 

3.2. Bus and BRT 

Buses are classified to suburban and urban groups. These two groups differ from each 

other base on facilities, safety and price. CNG-based Buses are less polluted rather than other 

sort of buses [7]. CNG-based buses produce less NOx and due to this are way better than 

gasoline-based buses. Toxic materials exist less in CNG in comparison with gasoline. All in 

all, it seems that CNG-based buses are cheaper and healthier than their gasoline-based ones 

[6]. 

BRTs also became widely available in our country and mostly in Tehran; however, the 

increasing rate of car ownership prevent people from using public transportation. In addition, 

omitting the standards for these buses made them one of the most polluted vehicles in Tehran. 

Based on a study which has been conducted by OSPM, amount of emitted pollutions 

compared before and after the operation of BRT system. It has been observed that NOx, CO 
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and Benzene are decreased significantly; however, PM2.5 and PM10 rates have not changed 

specifically. 

Traffic data which has been used in this study based on traffic volume in 24 hours are 

shown in the table 3. This table indicates traffic transmission through the studied zone with 

specifying transmission time and type of the vehicle. 

 

Table 3. Summary of traffic data used in the study 

 
Before Construction of BRT Network After Construction of BRT Network 

Hour Car Van 
Heavy 

Vehicles 
Bus Car Van 

Heavy 

Vehicles 
Bus 

0-1 1590 0 15 0 1470 15 15 10 

1-2 1280 0 15 0 1250 10 10 5 

2-3 1170 0 5 0 1150 10 5 5 

3-4 1110 0 0 0 980 5 0 5 

4-5 660 0 0 0 640 10 5 10 

5-6 1340 5 5 0 1300 25 5 15 

6-7 3200 20 10 10 2400 35 5 20 

7-8 3800 70 10 20 3400 125 10 60 

8-9 4350 95 10 30 3550 140 5 60 

9-10 4280 90 15 30 3480 145 15 60 

10-11 4070 65 15 20 3370 125 10 60 

11-12 3450 45 10 15 3150 115 5 30 

12-13 3280 40 5 10 3120 105 5 30 

13-14 3100 35 5 10 2980 90 5 30 

14-15 2930 30 5 10 2750 85 0 30 

15-16 3450 30 5 10 2920 85 10 30 

16-17 3880 35 5 20 3380 95 0 60 

17-18 4380 45 5 30 3550 110 5 60 

18-19 4650 55 0 20 3600 105 0 60 

19-20 4160 30 0 20 3340 85 5 60 

20-21 3520 15 0 10 2880 75 5 30 

21-22 2890 15 0 10 2450 55 10 30 

22-23 2500 10 5 0 2230 45 10 20 

23-24 1980 10 10 0 1860 30 10 15 

Total 71020 740 155 275 61200 1725 155 795 

 

In this study, three types of fuel (Gasoline, Petrol and LPG) and four types of vehicles 

(Passenger Vehicle (Car), Van, Bus and Heavy Vehicles) by considering global standards 

were covered. 
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Furthermore, emissions including NOx, CO, Benzene, PM10, PM2.5 and PMexh were 

studied. 

Based on the modeling, following results have been observed: 

1- Most polluted hours were between 7 to 11 and 16 to 20. 

2- After operation of BRT, amounts of NOx, CO and Benzene had declined dramatically. 

3- After operation of BRT, amounts of PM10, PM2.5 and PMexh had not experienced a 

remarkable change. 

4- Before the operation of BRT, rate of emissions was above the European standards 

which improved after the operation. 

 

3.3. Minibus 

Minibuses’ smaller size makes them more maneuverable than buses; therefore, they are 

more suitable for less populated and short-distance routes. Iran is suffering from worn-out 

mini-buses which decrease remarkably the efficiency of using minibuses. By considering this 

issue, it seems that most of minibuses should be dismantled and be replaced by brand new 

vehicles. 

 

3.4. Monorail 

Monorail is a safe, clean and appropriate mean of transportation which could reduce 

environmental impacts, traffic congestion and side costs. In 2007, monorail has helped Las 

Vegas to cut more than 58 tons of CO, VOC and NOx. Occupying less space, producing less 

noise and being environmentally friendly have made monorail a proper mean for public 

transportation. Most of monorails have the ability of transiting of more than thousands people. 

As an example, Chang King’s monorail could transit about 30000 passengers per hour in a 19 

kilometer route [9]. 

Behnia and et al. compared different types of light and heavy monorails. The result of 

their study is shown in table 4 [10]. 

 

3.5. Taxi 

 Taxi is considered as a mean of public transportation; however, it has less capacity rather 

than other means of public transportation. It has been mostly used for short urban travels [11]. 

It should not be overlooked that numerous taxi cabs need a permanent monitoring and 

technical inspection. It is worth mentioning that taxi cabs are not considered as an effective 

public transportation mean for reducing emissions. 

 

4. Policies and Challenges  

The policies formulated by the governments regarding public transportation influence the 

traffic and the amount of pollution production. In some cities, many encouragements are 

considered by municipalities for people to use public transportation. Some countries increase 

the amount of cars and fuels and instead of that, provide people with inexpensive and 

satisfactory public transportation systems. 



                          Third International Symposium On Environmental  

                       and Water Resources Engineering     

                            2-3 June 2015, Tehran, Iran  

 
 

 

 

Table 4. Capacity of monorails in public transportation 

Capacity of Monorail Systems 

 

Large 

Monorails 

(Hitachi) 

Standard Monorails (Medium) 

Bombardier Hitachi 
Malaysian 

Monorail 

Maximum 

Capacity 

(person) 

Ssp (Occupied 

space per 

standing 

passenger) 

(Crush Load) 

0.2 
168 85 128 110 

(Maximum 

Schedule 

Load) 0.3 

130 67 100 82 

(Comfortable 

Standing Load) 

0.5 

100 53 75 60 

Number of Wagons 6 4 4 4 

Peak Hour Factor 0.75 0.75 0.75 0.75 

Minimum Headway (sec.) 120 120 120 120 

Maximum 

Capacity 

(person) 

Ssp (Occupied 

space per 

standing 

passenger) 

(Crush Load) 

0.2 
22680 7650 11520 9900 

(Maximum 

Schedule 

Load) 0.3 

17550 6030 9000 7380 

(Comfortable 

Standing Load) 

0.5 

13500 4770 6750 5400 

 

Some others encourage people to use public transportation only in emergency situations of 

air pollution. For instance, France in 2014 provided people with free public transportation for 

a period of time due to air pollution increase and cold weather, no wind blowing and 

inversion. 

According to statistics, the cars in Tehran are responsible for more than 80% of air 

pollution and consequently, cars are the main sources of air pollution in Tehran. By 

improving their efficiency and also not using them as much as possible, the air pollution crisis 

in Tehran will be mitigated. Currently, there are more than 2000 cars, which are more than 30 

years old, approximately 10,000 cabs and 3 million motorcycles [12]. 

One of the reasons that people do not use public transportation is lack of trust; because 

buses and even cabs are not usually ready on time and this time wasting encourages people to 

use their own cars. Currently, 75% of city transits should be done by public transportation. 

Nevertheless, this percent is now 35% for Tehran. 

Regarding formulating correct and sustainable policies for public transportation and air 

pollution mitigation, media can play a significant role in encouraging people to use public 

transportation. These media, such as TV, radio, newspaper etc., should make a situation in 
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which using personal cars become unacceptable and using public transportation become a 

valuable action. 

 

5. Culture 

The culture of using public transportation is quite important. Social communications of 

drivers of buses and cabs with passengers should be considered important. Drivers should be 

forced to be polite to the passengers and vice versa. These two-side respect and 

communication could help encouraging people to use public transportation [12].  

Furthermore, Vandalism is one of the cases that should be considered in the concept of 

public transportation culture. Vandalism is an action involving deliberate destruction of or 

damage to public or private property. This phenomenon is a social problem and is considered 

by the people as an anomalous and unpleasant manner, contrary to social, cultural and 

traditional norms [13]. 

 

6. Public Transportation Development and Air Pollution 

Currently, regarding the situation of Tehran, any planning and investing on development 

and improvement of public transportation system of Tehran will have a positive effect on the 

performance of this system. Efficient and perfect performance of public transportation 

systems causes more satisfaction for people who use these systems and also more tendency to 

use public transportation systems for people who use their own vehicles. Consequently, this 

leads to improving traffic load of the highways and streets and mitigating negative 

environmental impacts such as noise and air pollution. 

Solutions which are considered for improving the performance and efficiency of public 

transportation systems include improving the infrastructures of public transportation systems, 

improving the schedule and time table of these systems, increasing the number of buses, cabs 

and underground stations, renewing and upgrading these systems and using rapid and more 

efficient systems. In some cities in which exclusive taxi or bus lines have not been considered 

in their urban development policies, the best solution is to develop underground and monorail 

lines. 

Afandizadeha and Pourteymouri have presented a model regarding the relationship 

between public transportation and air pollution. The method they used for conducting this 

research is based on 4-steps models of transportation [14]. According to these models and 

regarding their case study which is Tehran city, the relationship between the number of trips 

in Tehran, which is called urban trip demand, with economic-social variables and also traffic 

moving in different places has been studied. The estimation trend of urban trip demand in 

Tehran follows a 4-step process which includes trip generation, trip distribution, and vehicle 

choosing and traffic allocation. The models indicate that how many trips are made in each 

region. The major variables of generation models include total population, occupier 

population, the amount of vehicle ownership, the number of students in the region, largeness 

of households and educational status. Moreover, some minor variables are also effective in 
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modelling process. The models of trip distribution are denoted by each trip and their role in 

trip distribution between different regions is based on trip generation of regions and the trip 

pattern [4]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Diagram of 4-step Trend of Transportation Models 

 

According to this study, for each trip which is made by public transportation instead of 

personal vehicles, roughly 755 grams of CO2 density would be decreased in Tehran. 

Considering 12 million per day trips, 7 million population, 1.8 trip/day/person and 300 work 

days in Tehran, it can be calculated that each citizen who uses public transportation, causes 

540 Kg decrease in producing CO. 

Moreover, it has been demonstrated that underground lines development leads to more 

tendency of people to use public transportation and consequently decrease in air pollution 

[14]. 

Furthermore, according to a study about fuel consumption and pollutant production, it is 

calculated that the each passenger causes using 20, 89, 65, 27 and 6 ml/Km of fuel for bus, 

car, cab, minibus and motorcycle respectively. In table 5, fuel consumption in liter/km.person 

and pollutants produced by different fuels. It is clear that fuel consumption in liter/km.person 

unit for metro, bus and minibus is less than other transportation vehicles. By increasing the 

capacity of a transportation vehicle, the amount of fuel consumption per person decreases. 

Based on some researches and reports done by Department of the Environment of Iran and 

Japan International Cooperation Agency – JICA, 1 liter petrol consumption causes emitting 

430 grams of air pollutants. However, this amount for gasoline fuel, which is the fuel of bus 

and minibus, is only 83 grams. In addition, traveling with underground will not cause notable 

urban air pollution. Hence, Underground is considered as the most environmentally-friendly, 
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rapid, safe and efficient public transportation system which plays an important role in solving 

economic, social and environmental issues related to traffic and air pollution [15]. 

 

Table 5. Fuel consumption per km.person and pollutant emissions 

Fuel Consumption (liter per km.person) 

Bus 0.020 

Car 0.089 

Underground System 0.000 

Taxi 0.065 

Minibus 0.027 

Motorcycle 0.060 

Pollutants Emission (gr/lit) JICA 2005 

 Gasoline Fuel Oil Petrol White Oil 

CO 7.2 0.5 350 0.56 

HC 22 0.35 63 0.37 

SOx 16.8 55 1.5 3.2 

TSM 13.2 2.75 1.3 1.85 

NOx 27 6 13.5 4.23 

 

Table 6 and 7 indicate the emission in gram.km of person/day in the years 2006 and 2009. 

In 2006, the emissions of car are 46 times more than bus. However, by developing public 

transportation, this amount is reduced. 

 

Table 6. Emission based on km.person/day for vehicles in 2006 (7 km survey in average) 

Emission/Vehicle CO HC SOx TSM NOx Total 

Bus 0.173 0.53 0.405 0.318 0.650 2.08 

Car 78.496 14.128 0.335 0.290 3.03 96.279 

Underground 0 0 0 0 0 0 

Taxicab 33.124 5.962 0.141 0.122 1.276 41.901 

Minibus 0.045 0.137 0.104 0.082 0.168 0.536 

Motorcycle 9.26 1.66 0.04 0.034 0.35 11.34 

Mean of 1 person.trip (g) 2009 121.098 22.417 1.025 0.846 5.47 172.136 

 

Table 7. Emission based on km.person/day for vehicles in 2009 (7 km survey in average) 

Emission/Vehicle CO HC SOx TSM NOx Total 

Bus 0.302 0.924 0.705 0.554 1.134 3.619 

Car 42.955 7.731 0.183 0.158 1.657 52.684 

Underground 0 0 0 0 0 0 

Taxicab 35.512 6.392 0.151 0.131 1.368 43.554 

Minibus 0.068 0.207 0.158 0.124 0.255 0.812 

Motorcycle 0 0 0 0 0 0 

Mean of 1 person.trip (gr) 2009 - - - - - 100.699 
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Moreover, by comparing these 2 tables, it is concluded that by increasing the share of 

public transportation in 2009, the average amount of emissions of 1 urban trip is decreased 

dramatically in comparison with 2007. In fact, it is decreased from 172 grams in 2006 to 

about 100 grams in 2009 for each person [15]. 

Another approach about traffic reduction policies is highway development. Although, 

highway development could help reducing the traffic in short-term period of time, in long-

term period it could not be helpful anymore and increases noise and air pollution. According 

to a study about highway development in Tehran and its environmental impact assessment, it 

is conclude that despite the fact that highway construction leads to lighter traffic and 

economic advantages, it could cause irreparable impacts to the environment and ecosystem 

[16]. 

 

7. Conclusion 

 Accordingly, one of the most crucial environmental issues in sustainable development 

is related to transportation sector. Generally, transportation is responsible for major portion of 

air pollution in big cities and has several economic and social impacts which have discussed 

prior to this. It could be concluded that developing public transportation network is the vital 

parameter for reducing air pollution, traffic congestion and other related consequences. All of 

the prior studies and this study have proved that without a comprehensive plan for public 

transportation, their rate of use will not increase. It should not be overlooked that a practical 

public transportation network is evaluated by its workability through the covered area; 

therefore, as it has been observed, Tehran’s public transport is not sufficient at the time. It is 

suggested for further researches to evaluate and study all of the possible transportation means 

by considering Tehran’s population, geographical situation and environment to introduce an 

efficient and integrated plan for developing public transportation. 
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