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Abstract. The effect of roadway intersection design is strictly linked to a
reduction in traffic congestion, fuel consumption and emissions in an urban
area. This paper presents a comparative result of the typical four-legged
intersection and roundabout operational performance for effective
management. Accordingly, a computer model for estimation traffic
emissions for two kinds of intersections is created. This study presents a
detailed analysis and modelling traffic flow emissions using PTV vissim
software and methodology with reasonable solutions to plan a road
intersection.

1 Introduction

Global CO, emissions are one of the fastest growing sectors in the world in passenger and
freight transportation. The share of transport emission is likely to increase carbon dioxide
levels again, due to dependence on fossil fuel and the growing demand for mobility and
freight transportations.

Environment protection is one of the critical human problems since its solution affects
people's lives, health, and welfare. Automobile transport is one of the main polluters of the
environment. The harmful gas elements emitted into the atmosphere in the process of the
engine operation there are more harmful to human health (carbon dioxide (CO,), carbon
monoxide (CO), particulate matter (PM), nitrogen oxide (NOy) and volatile organic
compounds (VOC)). Large cities, especially in developing countries, are suffering from air
pollution of the city. The importance of the problem is more critical in the city, where the
density of the automobile is high, which has contributed significantly to the number of
traffic emissions.

Traffic flow emission and fuel consumption are strictly linked to a reduction in
congestion in an urban area. Traffic congestion corresponds to increases in the frequency of
accelerations and decelerations and stop-and-go driving cycles, during which emissions are
generated.

There are many pedestrian crossings, traffic signals, and intersections, leading to a
higher concentration of emissions in an urban area. It is necessary to consider both traffic
congestion and emissions in assessment and optimization for road intersections. In recent
years, there are many road intersections; the geometric shape of intersections has been
changed several times, which is regulated to reduce traffic congestion. Such changes will
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require additional construction costs for urban street infrastructure and affect road capacity
and its efficiency and urban pollution levels.

Accordingly, it is necessary to identify and systematically estimate traffic emissions for
a particular area. In the future, it is important to substantiate issues such as improving
traffic efficiency, reducing fuel consumption by optimizing new planned intersections, road
network intersections in short-term and long-term development projects.

This paper aims to identify and model traffic emissions with PTV vissim software in the
example of Sh.Rustaveli-Shahrisabz -Mirabad intersection.

Often, insufficient research has been done on how traffic emissions can affect the
atmosphere when the shape of the intersection changes within a city. Although signalized
intersections are widely used, research on exhausted emission from transport in developing
countries, including our country, has not been sufficiently studied.

1.1 Literature review

In recent years, there has been an increasing number of researchers focusing their research
on traffic emission and urban air pollution [1-7].

Several papers [8—12] have been developed to analyze vehicle emissions and evaluate
the effects traffic flow on air pollution. For instance, [13] studied GHG and vehicular
emissions trends in the China region and [14] proposed a vehicle emission model to study
the vehicular emission trend and emission factors and based on vehicle mileage traveled in
China. [15-16] adopted emission factors and methodology for calculating exhaust vehicle
emissions and data collection approaches.

There are many papers [17-19] and where emissions from transport have been
accounted for through modelling approaches. At the local scale, traffic network models can
provide planners with information about the emission impacts of infrastructure decisions by
predicting traffic flows. Some scientific papers [20-24] are reviewed and discussed using
vehicle emissions monitoring methods and focused on measuring and analysing world
vehicle emissions.

This [25] study examines the impact of factors such as bus travel time and delay,
number of stops on routes, and spent times, and aims to find solutions to minimize delays.
The effect of scheduled and unscheduled stops was studied using a linear multivariate
regression model and developed based on the collected data.

Many studies showed that implementing ITS applications such as advanced traffic
management systems, advanced traveler information systems, and advanced vehicle control
systems is one of the potential effects of minimising negative traffic impacts, including
traffic congestion, and reducing fuel consumption and traffic emissions [26—27]. Several
mathematical and simulation-based methods have been developed to optimize signal times
at regulated intersections.

There are many factors influencing traffic emissions. They are traffic density, road
capacity, automobile operating conditions and technical specifications and external
environmental conditions. Exhausted emissions from traffic on urban streets depend
primarily on intersection and traffic signals' geometric and efficiency characteristics.

Using transport technology measures, shifting new type of fuels in the powertrain
system, technological improvements and optimal engine operation conditions, criteria
pollutant emissions per unit of length traveled have been significantly reduced.

A few studies from the reviewed literature have focused on modeling traffic emissions
at signalized intersections.
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2 Methods

2.1 Case study and Data collection

We know that traffic flow emissions at an intersection have serious negative effects on the
environment and human health. So, we want a more in-depth understanding of the impact
of traffic exhaust emissions on the local scale.

The first step for traffic emission analysis is a choice intersection and data collection to
calculate traffic emissions. These data include traffic volume, vehicle category and type,
intersection characteristics and users (pedestrians and bicyclists).

We have chosen one of the intersections for the research purpose of the study. The
existing intersection layout design from Google map is shown in Figure 1. And we want to
comparative analysis point of views the on environmental effect of intersection shape. In
Tashkent, the shape of the intersection of Shota Rustaveli-Shahrisabz-Mirabad streets was
changed from a typical channelized intersection type (+) to roundabout (0) in 2the 011. In
case of our study four-legged intersection is consist of two main crossing roads. Shota
Rustaveli and Shakhrisabz streets are 4+4 lanes, Mirabad streets are 3+3 lanes, and the
circular island in the central part of the intersection diameter is 42 m. The maximum speed
of vehicles on the roads of the city is set at 70 km/h.

a) Existing intersection in 2020 b) Existing intersection in 2010

Fig. 1. Existing intersection layout plan (Google map)

The geometric characteristics of the existing roads of the intersection, road signs, length
of congestion, as well as data on the number of road traffic accidents were analyzed.

Traffic is usually analyzed on average weekly days, months. Rapid traffic analysis can
also be performed at intervals of hours of the day.

A daily (12-hour) traffic flow was conducted and collected during a normal working
day. Vehicle category and composition was observed from a video camera; it was installed
at the intersection, traffic volume during the morning and afternoon rush hours is shown in
Figure 2. Traffic volume on the street during the observation ranged from 1,900 to 5,600
per hour. The average daily traffic is more than 55,000 cars. In addition, vehicle delays,
queue lengths, and other important factors were analyzed. All the necessary information
about each vehicle, the number of vehicles moving in different directions, including cars,
trucks, buses, were included in the program database performed using PTV vissim and used
to calculate traffic emissions.

In the model, the intensity of motor traffic and pedestrian flow, as well as the data
distributed along the routes of traffic flows, were loaded into the program at one-hour daily
values (Figures 3 and 4) by analytical counting and calculations were performed.



E3S Web of Conferences 264, 02051 (2021) https://doi.org/10.1051/e3sconf/202126402051
CONMECHYDRO - 2021

Nowadays, the total number of vehicles is growing rapidly relative to the population in
Uzbekistan, accordingly demands for transport services is growing. More than 3.5 million
vehicles are registered in our country, and an increase in the number of these vehicles is an
average of 5-7% per year. In particular, in Tashkent, more than 0.5 mln. vehicles are
registered, and an average of several hundred vehicles entered and left the city per day.

The linear increment (cumulative) method was used to forecast the traffic projection.
Traffic flow forecasts for 2025 at an average annual growth rate of 5% are given in Table 1.

Table 1. Traffic projection

Daily traffic Growth rate compared to Hourly traffic
Year
volume 2020 volume
2020 >55 000 1 5500
2025 >70 000 1.4 7700
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Fig.2. Variation of hourly traffic volume at the intersection
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Fig.3. Vehicle composition Fig.4. Traffic volume for AM peak hour

2.2 Emission Model

The EU emission standard is the most commonly used in the world. According to the EU
standards, which were adopted for new gasoline-fueled cars and provided the definition of a
standard.
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Generally, estimation of traffic emissions can be based on the following equation:

Emission = Ef - d (1)

Where, Emission is the amount of emission (CO, NOx, VOC), Ef is relative emission
factor per unit of activity, and d is the travel distance and (1) equation has to be used for
each category of vehicle and number of transport activity.

Research paper [28] indicates that fuel consumption and CO, levels per kilometer
traveled is not linear. There is a high fuel consumption rate and CO, emission if the vehicle
speed is below 50 km/h. The increase of CO, emission occurs as the speed drops from 50 to
20 km/h and even doubles as speed drops from 20 to 10 km/h. Figure 5 shows the
relationship between CO, emission and average travel speed. In congested urban areas,
measurements that refer to grams per second seem to be much better as the vehicles are
often stopped and idling. Moreover, repeated vehicle speed changes often occur in stop-
and-go traffic conditions, resulting in greater emission rates because fuel consumptions also
depend on acceleration.
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Fig.5. Relationship between CO, emission and average travel speed [28]

2.3 Operational performance of signalized intersections

The relationship between the saturation headway and saturation flow rate is shown
following equation:

Si = 3600/hL (2)

Where, s; is saturation flow rate and h; is saturation headway
The effective red time r is calculated as:

RL-=C—g,- (3)

Where, C is cycle length and g; is effective green time.
The capacity of lane is defined as follows:
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Where, 9 i ¢ 1s effective green ratio, c; is capacity of lane.
Interpret measures of capacity sufficiency for intersection performance is shown in
Table 2. It is based on the critical volume-to-capacity (v/c) ratio computed for the
intersection in Highway Capacity Manual (HCM 2010).

Table 2. Sufficiency of capacity

Critical v/c ratio Sufficiency of capacity rating
<0.85 Intersection operate under capacity, and extreme delays are not occurred.
Intersection operate near its capacity and higher delays may be expected,

0.85-0.95 but continuously increasing queues should not occur.
Unstable traffic flow results in wide range of delays. Improvement of
0.95-1.00 . . . . .
intersection will be required to avoid extreme delays.
~1.00 Demands surpass existing capacity of the intersection. Too many delays

and queuing are expected.

The concepts of intersection saturation rate and level of service are significant for
analysis of the signalized intersections.

Table 3. Level of service for intersections

Signalized intersection | unsignalized intersection
LOS
(Seconds)
A <10 <10
B >10-20 >10-15
C >20-35 >15-25
D >35-55 >25-135
E >55-80 >35-50
F >80 > 50

To evaluate the capacity and traffic conditions performance analysis at signalized
intersections, delay and queue length are the most common indicators. For determining
delay and queue length at signalized intersections, capacity and characteristics of system is
necessary to know.

Vehicle delays at signalized intersections can be calculated as follows

_ 1 (-9
Qa =5 - (5)

Where, Q, is delay, v is traffic demand, c is capacity demand , s is saturation flow rate, C
is cycle time, g is effective green time.
Traffic queues expressed mathematically as follows:

T. —
Q=T ©6)

Where, Q; is queue length, T is observation time periods, v is observed traffic demand,
¢ is capacity demand, N is number of lanes and d; is traffic density.
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3 Results and discussion

In this section, we first analyze the traffic emissions based on traffic data, such as vehicle
count and composition. Then we analyze emissions in PTV vissim software. Two
intersection alternatives were proposed for the calculation of traffic emissions and
operational performance. The first alternative is the existing signalized intersection, four-
lane roundabouts. The second alternative is signalized intersection with three through lanes
in each through movement, left-turn and channelized right-turn lanes on all approaches.
Conceptual computer design in PTV vissim model for the alternatives is shown in Figure 6.

a) Roundabout model b) Channelized intersection model

Fig. 6. PTV vissim model

Figure 7 illustrates the typical traffic light phasing and movements at the existing four-
leg intersection for the roundabout.
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Fig.7. Typical movements at a four-leg intersection
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The duration of the green interval for existing conditions is included in the program as
follows (Figure 8). The calculation was performed to analyze hourly traffic data of the
intersection in a computer model. Separate analysis and evaluation are required in cases
where traffic flows can vary significantly during rush hour in the morning and afternoon.

Table 4. Comparative results for different intersection types

4 Parameters Alternative 1 Alternative 2
(Roundabout) (Channelized intersection)

1 Level of service (LOS) C C

2 Average vehicle delay (sec) 30.38 23.3

3 Average queue length (m) 37.66 8.88

4 Maximal queue length (m) 162.31 118.6

5 Number of vehicle stops 1.05 0.95

6 | Number of vehicles 5494 5083

7 Carbon monoxide - CO (grams) 9458.5 7791.01

8 Nitrogen oxides - NOx (grams) 1840.19 1515.85

9 Volatile organic compounds -VOC 2191.99 1805.64
(grams)

10 | Fuel consumption (liters) 512.2 421.92

The simulation results of the PTV vissim model is shown in Table 4 for both
intersection types. The hourly traffic volume of the intersection is 5484 vehicles by
manually counting (Figure 4). Simulated results of the computer model show 5494
vehicles. The Difference is 0.2%. The average travel speed of traffic is given in Figure 9.
Traffic emissions concentration is plotted in Figure 10 and Figure 11. The maximum length
of the queue is 162.31 m, and the average delay of vehicles is 30.38 sec. The level of
service (LOS) is level C. At the same number of values, when the typical intersection is
simulated for alternative#2, it is found that the level of service is C, and the maximum
length of the queue is 118.6 m, the average delay of vehicles is 23.3 sec and the number of
vehicles is 5083 respectively.

As shown in Table 4, both alternatives will have good traffic performance within the
design type, and they have similar delays.
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Fig. 10. Distribution of NOx emissions during peak hours at intersection
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Fig.11. Distribution of CO2 emissions during peak hours at intersection

The main advantage of the roundabout at this location is the reduction of the expected
conflict. With similar traffic performance, the roundabout has better than during the
analysis. After 5 years, traffic estimation and analysis showed that the LOS for a typical
intersection deteriorated quickly, while the LOS for roundabout deteriorated slowly. If the
planning intersection is much longer than 5 years, 4+4 lanes typical intersection may not
meet traffic requirements. In general, the roundabout will have a higher capacity than the
typical intersection, while the roundabout has more safety benefit because the signalized
intersections have more flexibility to adjust timing.
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Table 5. Comparative results

Years
Status Parameters
2020 2025

Alternative#1 LOS C E
Alternative#f2 C F
Alternative#1 Average queue 37.66 119.69
Alternative#2 length (m) 8.88 67.59
Alternative#l Maximal queue 162.31 231.45
Alternative#2 length (m) 118.6 234.39
Alternative#1 30.38 71.02

- Delays (sec)
Alternative#2 23.3 101.52
Alternative#1 1.05 2.74

- Number of Stops
Alternative#2 0.95 4.54
Alternative#1 . 5494 6922

- Number of vehicles
Alternative#2 5083 5857
Alternative#l Fuel Consumptions 512.2 1156.68
Alternative#2 (liters) 42192 | 1557.72
Alternative#1 9458.5 21358.75

- CO (grams)
Alternative#2 7791.01 | 28764.34
Alternative#1 1840.19 | 4155.64

- NOx (grams)
Alternative#2 1515.85 | 5596.5
Alternative#1 2191.99 | 4950.1

- VOC (grams)
Alternative#2 1805.64 | 6666.41

4 Conclusions

In conclusion, we can emphasize the following. An organization or enterprise implementing
a road crossing project in any geographical area is required to act with caution concerning
their operational and design aspects, public exposures, user needs, and public acceptance.
All complicating factors should be addressed using a model before selecting the type of
intersection as the optimal option for the intersection.

This study evaluates operational performance and calculation traffic emission of the
studied signalized intersection using microscopic traffic simulation. The recorded video
camera counted traffic demand data. Signal timing parameters were manually collected and
processed using the PTV vissim program. The studied intersection was modelled in
VISSIM microscopic simulation. Results showed that signal timings and phasing schemes
are associated with the operational performance and emission level of signalized
intersection by reducing or increasing the potential traffic flow.

Findings from this study can be expanded to compare the operational performance of
signalized roundabouts with signalized typical intersections in different signal timings and
phasing scheme. While it is expected that there are significant improvements from the
traffic operation and emissions, the differences in terms of traffic emission and safety can
be further investigated.
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