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Abstract- The fundamental stream characteristics are speed, flow, and density. Traffic density it is an important characteristic 

that engineers can use in assessing traffic performance from the point of view of users and system operators. Speed and travel 

time are fundamental measurements of a highway's traffic performance and speed is a key variable in the design of roadway 

facilities. Some models use speed or travel time as an input for the estimation of fuel consumption, vehicle emissions, and 

traffic noise. Theoretical model relating fuel consumption, emission, modal split, v/c ratio, LOS, and speed is then developed, 

using STELLA 9.0.1. The results shows that in desirable scenario, as the percentage of public transport increases, the level of 

service, V/C ratio and Speed improves. The emission levels have decreased in desirable scenario, when compared to do 

minimum scenario. This is because, the public (Bus & Auto’s) share is increased, and the private (TW’s & Cars) share is 

decreased. As well as diesel cars are replaced with CNG cars and diesel bus with CNG bus. 
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INTRODUCTION 
 

The traffic stream includes a combination of driver and 

vehicle behavior. The driver or human behavior being 

non-uniform, traffic stream is also non-uniform in nature. 

It is also influenced by the way a group of such units 

interacts with each other. Thus, a flow of traffic through a 

street of defined characteristics will vary both by location 

and time corresponding to the changes in the human 

behavior. The traffic stream itself is having some 

parameters on which the characteristics can be predicted.  

 
The traffic stream parameters can be mainly classified 

as: measurements of quantity, which includes density and 

flow of traffic and measurements of quality which 

includes speed. The traffic stream parameters can be 

macroscopic which characterizes the traffic as a whole or 

microscopic which studies the behavior of individual 

vehicle in the stream with respect to each other. As far as 

the macroscopic characteristics are concerned, they can be 

grouped as measurement of quantity or quality as 

described above i.e., flow, density, and speed.  

 

While the microscopic characteristics include the 
measures of separation, i.e., the headway or separation 

between vehicles which can be either time or space 

headway. The fundamental stream characteristics are 

speed, flow, and density. There are four important flow 

measurement applications: existing traffic demand, 

service volume, capacity, and saturation flow rate. 

Traffic density is defined as the number of vehicles 

occupying a unit length of roadway at any instant of time. 

Traffic density is an important characteristic that 

engineers can use in assessing traffic performance from 

the point of view of users and system operators. Highway 

Capacity Manual (HCM) uses traffic density as the 
primary LOS measurement for uninterrupted flow 

situations. If traffic density increases, the consumption of 

fuel also increases. Hence it affects the built environment. 

Therefore, it is better to replace diesel and petrol vehicles 

by green fuel vehicles. The emissions of green vehicles 

are less harmful when compared to emission levels from 

conventional vehicles. 

 

II. NEED FOR THE STUDY 
 

Speed is a vehicle's rate of motion. We define traffic 

density as the number of vehicles occupying a unit length 

of roadway at an instant in time. As stated earlier, 

transportation engineers can study these characteristics at 

the microscopic and macroscopic levels, but we will focus 

on the latter level. 

 

Traffic flow demand represents the demand on a 
transportation system. The comparison between this and 

the capacity determines a facility's operational 

performance. Traffic flow measurement has many uses in 

the planning, design, and operation of highway facilities. 

Planners use flow measurements to classify streets, 

identify traffic trends, study origin-destination patterns, 

mailto:rathigajaganathan@gmail.com
mailto:gudevi11@gmail.com


 

 

© 2022 IJSRET 
1419 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 8, Issue 3, May-Jun-2022, ISSN (Online): 2395-566X 

 

 

and predict revenue. Designers use flow information to 

design facilities. The first and second fundamental traffic 
flow characteristic is travel time and speed.  

 

Speed and travel time are fundamental measurements of a 

highway's traffic performance and speed is a key variable 

in the design of roadway facilities.  

 

Engineers also use it in LOS determination, and most 

traffic engineering studies. Given the design, demand, and 

control along a highway system, most analytical models 

of traffic use speed and travel time as the measure of 

system performance. Some models use speed or travel 

time as an input for the estimation of fuel consumption, 
vehicle emissions, and traffic noise. This stresses the need 

to take speed as an important parameter, for developing 

fuel consumption and emission model. 

 

III. LITERATURE REVIEW 
 
Azhaginiyal and Dr. G. Umadevi in 2010 addressed 

transport, energy and emissions interactions and test the 

same for various policy and scenario options with the help 

of System Dynamics modeling, using STELLA software. 

Some of the Recommendations include restriction of the 

growth of personalized vehicles and augmenting public 

transport. 

 

Gayathiri. S and Dr. G. Umadevi in 2014 studied the 

transport energy interaction using system dynamics 

modeling. The objective of the work is to study and 

appreciate the existing energy scenarios in Chennai city 
and to build a System Dynamics (SD) model using 

STELLA to determine the Energy requirement levels 

from the transport sector in the year 2026. In the Partial 

scenario, by incorporating CNG to one-third of the 

normal fuel the results shows that the reduction in energy 

is about 23% than Do Minimum scenario. In the Desirable 

scenario, the energy was reduced to about 35% than Do 

Minimum scenario due to replacement of normal fuel by 

CNG to 50%.\ 

 

Sandeep Singh and Dr. G. Umadevi in 2016 developed 
a System Dynamics model that interacts between 

transport energy, and economy sector. Their Objective 

was to critically analyze and address the economic losses 

in transportation system and to test various alternative 

scenarios to potentially reduce economic losses in 

transportation sector with the help of system dynamics 

model. It is observed that as the private vehicle count 

decreases and public vehicles increases, the fuel costs and 

accident costs decrease. This results in the improvement 

of GDP. 

 

Sandeep Singh and Dr. G. Umadevi in 2020 developed 
a system dynamic simulation model that interacts among 

the sectors of transportation, energy, and economy. The 

parameters chosen in this study includes parameters such 

as vehicular population, model split, fuel consumption, 

and fuel costs. These parameters are forecasted for the 
future years until 2026. When the existing trend of 

growth rate for these sectors was assumed to continue 

over a horizon year (2026), it was found that a large part 

of the economy is being spent for meeting the energy 

demands. 

 

So, SD simulation models are built in which a scenario of 

increasing the growth rate of public transportation and at 

the same time curbing the growth rate of personalized 

transportation with a modal split value between both as 

70:30 showed a considerable decrease of 29.49% in fuel 

consumption and 58.04% in fuel cost. This modal split 
under the desirable scenario has resulted in a savings of 

14,629 crore rupees for the horizon year in the road 

transport sector for Chennai city, India. Finally, this study 

recommends that to achieve sustainability in the city, the 

model split between public and personalized modes of 

transportation must be paid crucial attention. 

 

In the above literatures, it is observed that not much 

importance has been given to speed. Therefore, I have 

taken speed as an important parameter to develop a 

System Dynamic theoretical model. 
 

IV. OBJECTIVE OF THE STUDY 
 

 To develop a system dynamics model that relates fuel 

consumption, emission, modal split, and v/c ratio. 

 To develop a system dynamics model that relates V/C 

ratio, level of service and speed. 

 Developed model is used to test scenarios from which 

appropriate measures are suggested. 

 

V. METHODOLOGY 
 

1. Problem Statement:  
Growth in number of private vehicles has led to the 

increase in fuel consumption and emission, which affects 

the environment. This can be reduced to a greater extent 

using alternate fuel vehicles. 

 

2. Model Conceptualization: 

A causal loop diagram (CLD) is a causal diagram that 

aids in visualizing how different variables in a system 

are causally interrelated. A causal loop diagram consists 

of four basic elements: the variables, the links between 

them, and the signs on the links. The loop diagram is 

developed using Vensim PLE 9.2.1 X 64.  
 

The variables are listed down according to the problem 

statement. The variables considered here are a) vehicle 

composition b) private and public vehicles and there 

share c) volume capacity ratio d) fuel consumption e) 

green vehicles f) speed g) emission levels and h) traffic. 

With the help of the loop diagram shown below, system 

dynamic simulation model is developed using STELLA 
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9.0.1 (Systems Thinking Experiential Learning Laboratory 

with Animation) software, which is a theoretical one. The 
results of which are discussed below. 

 

 
Fig 1. Model Conceptualization - Causal loop diagram. 

 

VI. RESULTS 

 
1. Level of Service Sector: 

The public and private percentage, Level of Service, V/C 

ratio and speed for do minimum and desirable scenario are 

discussed below. 

 

2. Do Minimum Scenario:  

From the below tabulation, in desirable scenario, it is 

clearly proved that as the percentage of public transport 

increases, the level of service, V/C ratio and Speed 

improves. It is vice versa in Do-Minimum Scenario. 
 

Table 1. Minimum Scenario. 

Year Public 

% 

Private % LOS V/C 

Ratio 

Speed 

2022 29 71 6 1.87 55 

2025 29 71 6 2 53 

2030 30 70 6 2.6 49 

2035 31 69 6 2.71 45 

 

3. Desirable Scenario: 

 

Table 2. Desirable Scenario. 

Year Public % Private % LOS V/C Ratio Speed 

2022 52 48 1 0.98 65 

2025 52 48 1 0.99 61 

2030 52 48 6 1.06 53 

2035 53 47 6 1.29 45 

 

4. Fuel Consumption Sector: 

The fuel consumption is expressed in liter’s/day. It is 
observed that as the number of vehicles increases in level 

of service sector, the fuel consumption also increases. If 

the number of vehicles decreases, fuel consumption also 

decreases. Also, if public vehicles increase, the fuel 

consumption decreases, because of the occupancy ratio. 

The values required to calculate fuel consumption such as 
fuel efficiency and average distance covered are taken 

from expert committee report. Fuel consumption is high 

when the vehicle, moves beyond the speed of 60 to 

80km/hr., Therefore green vehicles are recommended, as 

it gives less emissions. 

 

Table 3. Do - Minimum Scenario. 

Year Do - Minimum Scenario 

Public Vehicles Private Vehicles 

Diesel 

Bus 

LPG 

Autos 

Petrol 

Autos 

Diesel 

Cars 

Petrol 

TW 

Petrol 

Cars 

2022 13,811 864 1,029 530 2038 550 

2025 15,348 984 1,172 650 2227 674 

2030 18,779 1,243 1,479 911 2581 945 

2035 23,393 1,586 1,888 1,277 2992 1325 

 
Table 4. Desirable Scenario. 

Year Desirable Scenario 

Public Vehicles Private Vehicles 

CNG 

Bus 

LPG 

Autos 

Petrol 

Autos 

Petrol 

TW 

LPG 

Cars 

CNG 

Cars 

2022 32,357 960 1,143 1,019 408 353 

2025 35,958 1094 1,302 1,113 499 433 

2030 44,996 1381 1,644 1,291 700 607 

2035 54,807 1762 2,098 1,496 982 851 

 

5. Emissions Sector: 

The emission factor data’s are taken from comprehensive 

mobility plan tool kit, 2014.The emission levels for Do 

Minimum Scenario (1st Tabulation) and Desirable 

Scenario (Second Tabulation) are tabulated as shown 

below. It is measured in Kg/day. 

 

Table 5. Minimum Scenario. 

Year PM 2.5 NOx CO VOC 

2022 20,585 718,786 472,659 205,782 

2025 22,831 798,904 525,406 229,219 

2030 27,648 978,452 639,039 279,269 

2035 33,955 1,219,436 788,486 344,778 

 

Table 6. Desirable Scenario. 

Year PM 2.5 NOx CO VOC 

2022 5,169 70,137 371,120 168,916 

2025 5,731 78,052 382,125 187,868 

2030 6,795 95,379 422,768 228,473 

2035 8,817 118,596 648,024 281,641 

 

From the above tabulation it is seen that, in desirable 

scenario, the emission levels have decreased, when 

compared to do minimum scenario. This is because, the 

public (Bus & Auto’s) share is increased, and the private 

(TW’s & Cars) share is decreased. As well as diesel cars 
are replaced with CNG cars and diesel bus with CNG bus. 
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VII. RECOMMENDATIONS 
 

Few of the recommendations with respect to the above 

developed theoretical system dynamic simulation 

modeling to save fuel consumption, includes 

 Augmenting buses, this is because of the high 

occupancy ratio of buses. 

 To run vehicles in optimal speed and  

 Switching to green vehicles. 
 

VIII. CONCLUSIONS 
 

In traffic and transportation planning point of view, to 

reduce the consumption of transport energy and thereby 

reducing harmful emissions into the built environment. 
Some of the recommendations are needed to be 

followed.  

 

It includes the following. 

 Modal Split 

 Vehicle and Fuel Technology 

 Land use Planning 

 Integration of multimodal facilities. 

 Providing proper infrastructure facilities. 

 Encouraging Non-Motorized Transport. 

 Increase in mass transit share. 
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