Dependence of vehicle flow speed on exhaust emissions: A Case Study of Tashkent
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Abstract: In this study, the relationship between the average speed of traffic flow and its environmental impact is analyzed. The research focuses on determining the quantity of exhaust gases, fuel consumption, and time losses associated with different traffic speeds. Various harmful emissions, including carbon monoxide (CO), nitrogen oxides (NOx), and hydrocarbons (HC), are assessed based on speed variations. The study uses the intersection of a public highway and University Street with Bogishamol in Tashkent as a case study. By evaluating the movement of vehicles at this location, the research identifies optimal speed ranges that minimize emissions and fuel consumption. The findings contribute to developing sustainable urban traffic management strategies that reduce environmental pollution and improve air quality. Additionally, the study highlights the importance of optimizing traffic flow to enhance fuel efficiency and reduce harmful emissions. The results can aid policymakers in implementing measures to improve urban mobility while ensuring environmental sustainability. The study emphasizes the need for intelligent transportation systems to regulate vehicle speeds and minimize environmental harm. 
INTRODUCTION
Today, global environmental problems pose a great threat to sustainable development, and the reason for this is that the modern transportation system is slowing down due to traffic congestion, which leads to an increase in the amount of exhaust gases and harms the economy and society of our country. One of the reasons for this is that the number of vehicles is increasing day by day, and the most important thing is that the organization and optimization of traffic hardly meets the conditions of modern transport development. In addition, the current problems Traffic congestion at signalized intersections, Traffic collisions between vehicles and pedestrian crossings, Traffic collisions between vehicles, Bus congestion near bus stops,resulting in the combined effects of ambient and household air pollution being linked to 6.7 million premature deaths annually. [1-5].
Also, today there are more than 500 large intersections in our capital, 200 of which have a low level of traffic. It is known that, according to calculations, the amount of toxic substances released from one car is 537 kg per year. If there is one (50,000) car for every four city residents, this amount is 2,685,000 kg. As it can be seen from these indicators, the biggest impact on atmospheric air and the environment is the amount of exhaust gases emitted by vehicles [5-12].
EXPERIMENTAL RESEARCH
Measurement of vehicle traffic intensity (TC) should be carried out for three types of objects:
-  in the part of the road section;
- when approaching with dimensions of the vehicle at intersections and intersections (there / behind);
- taking into account the distribution of vehicle traffic at intersections by directions, traffic intensity is measured at each permitted maneuver from each traffic approach.
The measurement of the traffic intensity of the vehicle can be done visually or with the help of video surveillance cameras. At the same time, the quality of photography and viewing angles should provide visibility not only of the intersection itself, but also of pedestrian crossings located on the borders of the intersection in question. When counting vehicles, they are divided into the following types, which allows you to fully study the composition of traffic [13-16].
[image: ]The amount of traffic of pedestrians and vehicles at the intersection we selected was studied as follows. We counted and got the result in the table. Below is information about the traffic flow of the intersection during the morning rush hour, i.e. from 800 to 1000. As a result of research, we obtained data on the intensity of traffic and pedestrian flow (distributed by traffic types, taking into account daily disturbances and weekly fluctuations) . It should be noted that the weight of traffic, in particular, observed in the studied part of the road network, with field observation, it is possible to assess the permeability of the considered modeling object only. It is not possible to assess the need for population movement through this area with field observations [16-31].
FIGURE 1. Aerial view of the crossroad of Tashkent public highway, University Street and Bogishamol Street (Google Earth program).
The crossroad  of University Street, Bogishamol and Tashkent public highway was chosen as the research object. The general information of the intersection is given below. The total number of lanes of University Street is 5, each street is equipped with dividing lanes, equipped with a pedestrian crossing, the total width of the street is 21 meters, the total number of lanes of Bogishamol Street is 6. equipped with a dividing lane, there is a surface pedestrian crossing, the total width of the street is 25 meters, the total number of lanes of the Tashkent public road is 5, it is equipped with a dividing lane, the width of this road from the eco-market side is its length is 22 meters and it is 27 meters from the Yunusabad side. The traffic light installed at the intersection is 2-phase, cycle duration is 98 seconds. This intersection is one of the most problematic intersections. Below is a top view of this intersection.
[image: ]
FIGURE 2. The amount of vehicles passing by the types of vehicles in 2 hours from the intersection of Bogishamol Street with TXAY in Tashkent

The intersection of University Street, Bogishamol, and the Tashkent public highway was selected as the study site. Detailed information about the intersection is provided below.. (Table 1)

   TABLE 1. A computer model of the current state of the intersection
	№
	Indicators or parametrs
	Current status

	1. 
	Level of Service (LOS)
	F

	1. 
	Average Latency (sec)
	107,37

	1. 
	Traffic Length (M)
	510,21

	1. 
	Number of vehicles
	5317

	1. 
	Fuel consumption (L)
	1067,959

	1. 
	SO exhaust gases (grams)
	19720,533

	1. 
	NOx nitrogen oxides (grams)
	3836,899

	1. 
	VOC organic compounds (grams)
	4570,424




FIGURE 3. Graphical illustration of the findings obtained for the initial state of the intersection
RESEARCH RESULTS
The management and regulation of urban traffic flow are recognized as pressing issues. During peak hours, specifically from 7:00 to 9:30 in the morning and 16:30 to 19:30 in the evening, the substantial increase in vehicular volume compared to other periods poses serious challenges, including: 
- Time wasted by road users;
- excessive nervousness caused by waiting;
- economic losses of transport;
- idle operation of vehicles;
-causes an increase in harmful substances released into the atmosphere due to its stagnation.
Cycle length is defined as the total duration of a traffic signal cycle, encompassing all phases, including green time and change intervals. Although longer cycle lengths enhance the capacity to accommodate a greater number of vehicles per hour, they also lead to increased average delays.
The optimal approach for traffic signal control is to implement the shortest feasible cycle length that efficiently accommodates traffic demand. At signalized intersections, vehicles do not enter the intersection immediately upon receiving a green signal. According to Greenshields' preliminary research, the first vehicle experiences an average entry delay of 3.7 seconds, while subsequent vehicles require approximately 2.1 seconds each. Typically, vehicles passing the proximity detector take between 2 and 2.5 seconds to traverse the intersection. For computational and signal timing estimation purposes, a conservative average entry time of 2.6 seconds per vehicle is recommended. This value serves as a reference for scheduling and optimizing signal phase durations.
Cycle length is defined as the total duration of a signal cycle, incorporating green time and change intervals for each phase, encompassing all signal phases. Several methodologies have been developed for determining optimal cycle lengths, as documented in the Highway Traffic Capacity Manual, the ITE Traffic Signal Design Manual, and the ITE Traffic and Traffic Engineering Manual. Webster introduced a fundamental empirical formula for optimizing cycle length to minimize intersection delay.:

C - total optimal cycle length (sec)
L - total loss time in one period (sec)


Q - current moving during the phase.
S - saturation current
∑Y - The unusable time in seconds per cycle is usually taken as the sum of the vehicle signal change intervals.
To determine the length of the cycle, it should be the shortest time or fifteen minute period. Once the cycle length is determined, the vehicle's signal changes are removed, giving the total green time of the cycle, which can be proportional to the number of critical lines per signal phase.
The capacity for each green space should be checked to ensure that the significant volume of the road is adequately serviced. Let us be given the following intersection information. Intersection number of phases, 1 hour traffic flow. Using Webster's formula, the optimal signal time parameters, the effective time for the green light, are found depending on the traffic flow.
We calculate the optimal cycle length for the crossroad of Tashkent public highway, University street and Bogishamol street as follows.

                 TABLE 2. Traffic light phase and cycle duration graph
	
	Phase A
	Phase B

	q
	648/3=216
	1246/2=623

	s
	1400
	1400

	q/s
	0.28
	0.41



L=N*Yi=216/1400+623/1400=0.59                                                             (3)

L=3*2=6 sek

=                                               (4)   
Utilizing the acquired data, a computational model of the traffic signal phases and cycle durations at the intersection will be constructed. The resulting simulations will be analyzed and compared to assess their effectiveness and operational efficiency. Figure 4

[image: ]FIGURE 4. Computer model of the proposed intersection of Tashkent public highway, University Street and Bagishamol Street

We can see from Table 3.5 that after optimizing the phase and cycle of the traffic light installed at the intersection and on it, the throughput of the intersection has improved several times.
       Geometric modifications at this intersection enable the optimization of traffic signal phases, the reduction of conflict points, and the minimization of vehicle dwell time at the intersection.

TABLE 3. The results of the computer model of the proposed crossroad of Tashkent public highway, University Street and Bogishamol Street
	№
	Indicators
	Proposed condition

	1.
	Level of Service (LOS)
	B

	2.
	Average Latency (sec)
	19,8

	3.
	Traffic Length (M)
	113,31

	4.
	Number of vehicles
	7598

	5.
	Fuel consumption (L)
	608,773

	6.
	SO exhaust gases (grams)
	11241,364

	7.
	NOx nitrogen oxides (grams)
	2187,161

	8.
	VOC organic compounds (grams)
	2605,295


FIGURE 5. A diagram of the results obtained for the proposed condition of the intersection

The best effective solution for street traffic management was determined using the PTV vissim software complex. Generally, it is considered sufficient to evaluate the average observed measurement values per vehicle for a fifteen-minute analysis period. After simulating the traffic flow situation using the PTV visim program, the following indicators were determined at the existing intersections, the carrying capacity of the intersection in one hour during rush hours, the maximum length of the traffic jam formed at the intersection, and the number of vehicles. average delay, vehicle fuel consumption, intersection level of service (LOS), and vehicle emissions were determined. (Table 4).

TABLE 4. The results of the computer model of the current and proposed state of the intersection of Tashkent public highway, University Street and Bogishamol Street
	№
	Indicators
	Current status
	Proposed condition

	1
	Level of Service (LOS)
	F
	B

	2
	Average Latency (sec)
	107,37
	19,8

	3
	Traffic Length (M)
	510,21
	113,31

	4
	Number of vehicles
	5317
	7598

	5
	Fuel consumption (L)
	1067,843
	608,773

	6
	SO exhaust gases (grams)
	19720,533
	11241,364

	7
	NOx nitrogen oxides (grams)
	3836,899
	2187,161

	8
	VOC organic compounds (grams)
	4570,424
	2605,295


As a result of the observations conducted at the intersection of Tashkent National Highway, University Street, and Bogishamol Street in Tashkent, traffic congestion at the intersection has been analyzed in terms of the total delay time experienced by each vehicle..
T= t1 +t2+…..+tn                                                                                                                       (3)
Here, t1 is the delay time of vehicle i.
If, t1= t2=..…..tn, then T=n
Observations show that the average delay time of one vehicle under the current and proposed conditions is as follows Figure-6
FIGURE 6. The graph of the change of the time of the average delay of cars according to the computer model of the current and proposed state of the intersection of the Tashkent public highway, University Street and Bogishamol Street

Vehicles were stuck at intersections for an average of 107.37 seconds, the changes to the intersection have resulted in 19.80 seconds of being stuck at intersections, and the average number of vehicles stuck at intersections per traffic light period is 120 from the current proposed scenario. made up 50.
Traffic congestion and road traffic accidents are two critical externalities associated with road usage. The increase in travel time caused by congestion leads to substantial economic losses for road users and generates social costs by negatively impacting mobility and overall quality of life.
T1 current status   = 107.37*120=12884,4 second or 214 minute;
T1proposed condition = 19.80*50=990 second or 16,5 minute;
1 minute of a vehicle being caught at an intersection is 85.2 soums. Detention costs of vehicles in each period are as follows
T1current status  k*=107.37*85.2=9147.924 =9148 soum;
T1proposed condition k*=19.80*85.2 = 1692.9= 1693 soum;
The cycle length of the traffic signals at the intersection of Tashkent Public Highway, University Street, and Bogishamol Street is currently 98 seconds. Under the proposed optimization, this duration is reduced to 51 seconds. As a result, the traffic signal cycle repeats approximately 37 times per hour in the existing condition, whereas in the proposed scenario, it increases to 70 cycles per hour. Furthermore, the current estimated hourly cost at the intersection is approximately 338,476 soums, while under the proposed conditions, this cost is reduced to 118,510 soums, indicating a significant improvement in operational efficiency.
1 In the 1-hour rush hour in the morning, a total of 338,476 soums are currently being lost. 338,476*3=1 million 015 thousand 428 soums causing economic damage, in the case of the offer, these indicators are a little better, reducing to 118,510 soums if the number of drivers and passengers in each car is if we consider the average of 3 people, it was 118,510*3= 355 thousand 53 soums. In comparison, the average loss is 981 thousand 875 soums every hour.
Cars currently consume 1,067,959 liters of fuel per hour, which means 1,067,959*6,500=6,941,733 soums. In the proposed situation, 608,773 liters of fuel will be consumed, and in 1 hour, cars will make 608,773*6500=3957,024 soums, if we compare, the economic loss will be 2,984,708 soums. 19,720,533 grams of CO2, 3,836,899 grams of NOx, 4,570,424 grams of VOC exhaust gases are released into the environment in 1 hour. being expelled.
FIGURE 7. The graph of the amount of toxic gases released into the atmosphere from cars at the intersection

The traffic carrying capacity of an urban roadway is primarily influenced by its geometric characteristics, the cycle length of signalized intersections, and the composition of vehicular traffic. Although traffic composition may vary throughout the day, the intersection's capacity remains relatively stable and can only be enhanced through geometric modifications or the optimal distribution of signal timing to maximize vehicle throughput. In principle, intersection efficiency can be further improved by strategically allocating green time for conflicting traffic movements utilizing the same intersection space. The optimal distribution of signal phases plays a crucial role in enhancing intersection performance and overall traffic flow efficiency. Exhaust contains various harmful substances, the amount of which changes depending on the speed of the car. The main harmful substances in the exhaust are:- carbon monoxide or carbon monoxide (CO). Disrupts the supply of oxygen to the body. It is especially dangerous for people with heart and respiratory diseases. Symptoms of poisoning include blurred vision, headaches, and decreased performance. - Hydrocarbon (HC). It has a toxic effect on the body, causes cancer and other diseases. - nitrogen oxide (NOx). They are crucial in influencing health. When precipitation occurs in the area of ​​​​nitrogen distribution, water interacts with nitrogen and forms sulfate and nitric acid, which are called "acid rain" - solid particles. They settle in the lungs and cause asthma, chronic bronchitis and disorders of the respiratory system. The particulates emitted from diesel engines are highly toxic and can cause lung cancer. Emissions vary greatly depending on the speed and technology of the engine system. The graph shows the dependence of the amount of harmful substances emitted depending on the speed of the car. Nitrogen oxides are mainly produced at high operating temperatures of engines, which corresponds to constant high speed. Reducing driving speed significantly reduces the emission of this substance. Hydrocarbon emissions decrease with reduced speed. The lowest levels of carbon monoxide and particulate emissions correspond to moderate driving speeds. Carbon dioxide is produced in proportion to fuel consumption. Each type of harmful substance has its own optimal speed. In modern cars, emissions are reduced at a speed of 40-90 km/h. It should also be noted that at sustained low speeds (15 km/h or less) CO and CO2 emissions are greatest in g/km. Driving style is the most important factor affecting emissions. With sharp acceleration, fuel consumption increases and, as a result, emissions increase. Cold start also increases emissions, since the engine and catalytic filter have not reached operating temperature. Effect of speed on fuel consumption In general, fuel consumption (and , as a result, resource cost) increases with increasing speed. In this sense, lowering the speed limit reduces fuel consumption and helps to reduce the rate of depletion of non-renewable resources. For example, at a constant speed of 90 km/h, 23% less fuel is consumed than at a speed of 110 km/h. However, it should be noted that lowering the speed below 20 km/h often leads to an increase in fuel consumption.
The graph and table of dependence of the average speed of the traffic flow on the exhaust gases emitted by the vehicles in the current state at our designated intersection.

TABLE 5. Indicators in the current state
	№
	Indicators in the current state

	
	Average speed km/h
	CO gramm
	Nox gramm
	VOC gramm
	Fuel consumption in liters

	1
	25
	15531,33
	3021,831
	3599,556
	840

	2
	30
	16339,03
	3178,787
	3786,49
	883,5

	3
	40
	18329,37
	3566,23
	4208,009
	987

	4
	50
	21208,91
	4126,484
	4915,371
	1134

	5
	60
	24226,01
	4713,501
	5614,611
	1310

	6
	70
	27667,48
	5383,086
	6412,206
	1496




FIGURE 8. Dependence of the average speed of the current traffic flow of the intersection on the amount of exhaust gases and fuel consumption



           TABLE 6. Indicators in the offer state
	№
	Indicators in the offer state

	
	Average speed km/h
	CO gramm
	Nox gramm
	VOC gramm
	Fuel consumption in liters

	1
	25
	11855,15
	2297,586
	2748,721
	640

	2
	30
	11643,98
	2265,495
	2698,604
	630

	3
	40
	10875,58
	2115,992
	2520,52
	588

	4
	50
	11239,79
	2186,854
	2604,929
	608

	5
	60
	11872,51
	2309,959
	2751,568
	642

	6
	70
	12937,89
	2517,244
	2998,481
	700



FIGURE. 9. Dependence of the average speed of the traffic flow of the proposed intersection on the amount of exhaust gases and fuel consumption

Effect of Speed on Ozone Ozone is not produced directly by engines. It occurs as a result of a chemical reaction between hydrocarbons, nitrogen oxides and sunlight. Ozone seriously affects the health of people, especially the elderly and children, and causes acute diseases of the respiratory system. Especially high concentrations of ozone occur in cities in summer at high temperatures. Effect of speed on noise Speed has a strong influence on the generation of noise. At lower speeds, the noise level is always lower. However, other factors should be taken into account - the frequency and intensity of acceleration can greatly affect the appearance of noise. The effect of increased noise due to acceleration is usually not noticeable at speeds above 50 km / h. Noise comes from two sources: the car's engine and the interaction between the wheels and the road. For new cars, wheel noise begins to dominate at a speed of 20-40 km / h, for new trucks this value is 30-60 km / h. For old cars, this limit increases to about 10 km/h. When calculating the impact of noise, it should be considered that Decibel is a logarithmic value in which growth is calculated. An increase in noise of 1 decibel represents a real increase of 30 percent, and an increase of 3 decibels represents a 2-fold increase. That is, according to the table, increasing the speed from 50 to 70 km / h leads to 2.5 times increase in noise. In conclusion, in addition to reducing injuries, setting reasonable speed limits can reduce pollutant emissions, fuel consumption and noise levels
CONCLUSIONS
The cycle length of the traffic signals at the intersection of Tashkent Public Highway, University Street, and Bogishamol Street is currently 98 seconds. Under the proposed optimization, this duration is reduced to 51 seconds. Consequently, the traffic signal cycle repeats approximately 37 times per hour in the existing condition, whereas in the proposed scenario, it increases to 70 cycles per hour. Additionally, the current estimated hourly cost at this intersection is approximately 338,476 soums, while under the proposed conditions, this cost is reduced to 118,510 soums, demonstrating a significant improvement in efficiency and cost reduction.
1 In the 1-hour rush hour in the morning, a total of 338,476 soums are currently being lost. if we consider that from 3 people on average, 338,476*3=1 million 015 thousand 428 soums are causing economic damage, in the case of the offer, these indicators are a little better, reducing to 118,510 soums if the number of drivers and passengers in each car is if we consider the average of 3 people, it was 118,510*3= 355 thousand 53 soums. In comparison, the average loss is 981 thousand 875 soums every hour.
Cars currently consume 1,067,959 liters of fuel per hour, which means 1,067,959*6,500=6,941,733 soums. In the case of the proposal, 608,773 liters of fuel are consumed, and in 1 hour, cars make 608,773*6500=3,957,024 soums. If we compare, the economic loss is 2,984,708 soums. in the current state, a total of 19720.533 grams of CO2, 3836.899 grams of NOx, 4570.424 grams of VOC waste gases are released into the environment in 1 hour. being ejected from cars.
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F	
Average Latency (sec)	Traffic Length (M)	Number of vehicles	Fuel consumption (L)	SO exhaust gases (grams)	NOx nitrogen oxides (grams)	VOC organic compounds (grams)	107.37	510.21	5317	1067.9590000000001	19720.532999999999	3836.8989999999999	4570.424	


B	
Average Latency (sec)	Traffic Length (M)	Number of vehicles	Fuel consumption (L)	SO exhaust gases (grams)	NOx nitrogen oxides (grams)	VOC organic compounds (grams)	19.8	113.31	7598	608.77300000000002	11241.364	2187.1610000000001	2605.2950000000001	


Average Latency (sec)


Current status	Proposed condition	107.37	19.8	


Exhaust gas difference

Current status	
SO exhaust gases (grams)	NOx nitrogen oxides (grams)	VOC organic compounds (grams)	19720.532999999999	3836.8989999999999	4570.424	Proposed condition	
SO exhaust gases (grams)	NOx nitrogen oxides (grams)	VOC organic compounds (grams)	11241.364	2187.1610000000001	2605.2950000000001	



Indicators in the current state

25	30	40	50	60	70	15531.33	16339.03	18329.37	21208.91	24226.01	27667.48	25	30	40	50	60	70	3021.8310000000001	3178.7869999999998	3566.23	4126.4840000000004	4713.5010000000002	5383.0860000000002	25	30	40	50	60	70	3599.556	3786.49	4208.009	4915.3710000000001	5614.6109999999999	6412.2060000000001	25	30	40	50	60	70	840	883.5	987	1134	1310	1496	




Indicators in the offer state

CO gramm	25	30	40	50	60	70	11855.15	11643.98	10875.58	11239.79	11872.51	12937.89	Nox gramm	25	30	40	50	60	70	2297.5859999999998	2265.4949999999999	2115.9920000000002	2186.8539999999998	2309.9589999999998	2517.2440000000001	VOC gramm	25	30	40	50	60	70	2748.721	2698.6039999999998	2520.52	2604.9290000000001	2751.5680000000002	2998.4810000000002	Fuel consumption in liters	25	30	40	50	60	70	640	630	588	608	642	700	Average speed km/h 
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