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Abstract 

 

One of the most rapidly expanding segments of the global passenger and freight transportation industry is global 

CO2 emissions, which are responsible for climate change. Nowadays, minimizing CO2 emissions is a major 

strategy in the majority of wealthy nations. This study assesses whether smart intersections and smart traffic 

signals, taking into account the unique traffic profiles of small cities, may contribute significantly to the reduction 

of CO2 emissions. Traffic delay at an intersection refers to the amount of time vehicles spend waiting to proceed 

through the intersection. Traffic management strategies should minimize vehicle energy consumption and 

emissions at intersections in order to enhance urban traffic movement. In this paper, we will analyze proper delay 

measurement of traffic, which is critical to estimate depending on numerous variables. Additionally, this work 

shows how the simulator can be a valuable tool for researching the effects of smart traffic signals and advancing 

the development of smart routing algorithms that lower CO2 emissions. The results of the simulations demonstrate 

that the method used at a network of junctions greatly reduces average waiting times, queue lengths, fuel usage, 

and carbon dioxide emissions.  
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1. Introduction 

 

Traffic congestion at urban intersections is a major contributor to vehicle-related CO₂ emissions, especially in 

developing cities where rapid urbanization has outpaced infrastructure development (Barth and Boriboonsomsin, 

2008; Zhao et al., 2021). Prolonged idling and frequent stop-and-go movements at unsignalized intersections 

intensify fuel consumption and greenhouse gas output, aggravating both environmental and public health concerns 

(Lv and Zhang, 2014). At critical nodes like Lokkhipur Mintu Chattar, manual traffic control often leads to 

inefficiencies, with long queues and unpredictable delays reducing network performance (David and Duru, 2018). 

Smart traffic signalization, particularly when optimized through microscopic simulation tools such as PTV 

VISSIM, has emerged as an effective solution to reduce intersection delays and associated emissions (Santos et 

al., 2024). Optimized signal control improves traffic progression, minimizes idle time, and reduces acceleration 

events, resulting in measurable CO₂ reduction and enhanced intersection efficiency (Kutlimuratov et al., 2021). 

Despite advances in adaptive and coordinated traffic control systems, many national and municipal guidelines 

offer limited provisions for CO₂-oriented signal timing optimization, especially in the context of mixed traffic 

flows in small to mid-sized cities (Li et al., 2016). Existing studies have reported emission reductions of up to 

40% and delay reductions exceeding 50% when conventional control methods are replaced with data-driven, 

optimized signal timings (Santos et al., 2024; Pandit et al., 2020). However, gaps remain in the localized 

application of these systems, particularly for intersections transitioning from manual to automated control under 

real-world traffic variability. This study investigates the environmental and operational impacts of introducing 

optimized signal control at the Lokkhipur Mintu Chattar intersection in Rajshahi, Bangladesh. Eleven peak-hour 

traffic scenarios were modeled and simulated in PTV VISSIM under both current unsignalized conditions and 

proposed signalized conditions, with performance evaluated in terms of CO₂ emissions, average delay, and queue 

length.  

The objectives are: 

a)  To reduce traffic delay timing at intersection 

b)  To minimize carbon di oxide emissions at intersection 

c)  To compare between signalized and unsignalized intersection 

d)  To increase the traffic flow 
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2.Methodology 

 

In this study, a simulation-based approach was used to explore how different intersection control methods affect 

traffic performance and CO₂ emissions. Two scenarios were examined: the first reflected the current condition, 

where traffic is manually managed by police at an unsignalized intersection, and the second introduced a 

signalized intersection with optimized signal timings aimed at improving traffic flow. 

To build a realistic model, traffic data were collected from a selected intersection during peak hours. Over several 

days, a total of nine sets of traffic data were recorded, capturing vehicle types (about 53% auto rickshaw, 25% 

car, 20% two wheeler & others 2%)  movement patterns, and flow volumes. The peak condition from these 

datasets was used as the basis for simulation. Data were gathered manually and supported by video recordings to 

ensure accuracy.Only the percentage of vehicles which emit CO2 is used in emission calculation. 

The unsignalized scenario was simulated first, and the results were validated by comparing them with actual field 

observations. The close match between simulated delays and real-life traffic behavior confirmed the reliability of 

the model. Once validated, both the unsignalized and signalized scenarios were simulated in VISSIM. We use 

fixed time signal for this analysis.Fixed time analysis was used as it is cost effective, widely used in Bangladesh 

and suitable for providing a stable and realistic baseline for VISSIM simulation. 

To understand the environmental impact, VISSIM’s built-in emission analysis tool was used to estimate CO₂ 

emissions for each scenario. Multiple simulation runs were conducted during peak conditions to reflect the most 

congested, real-world situations. Overall, this methodology combined real traffic data, validated simulation 

models, and emission analysis to offer practical insights for improving intersection performance and reducing 

environmental impact. 

            

 

 

Figure 1. Mintu Chattar Intersection, Lakkhipur,Rajshahi (manual & VISSIM simulation) 

 

The study area, Mintu Chattar Intersection in Lakkhipur, Rajshahi, was selected due to its high traffic congestion 

and complex vehicle interactions. Field observations were conducted during peak hours to capture the existing 

traffic conditions (Figure 1). The corresponding VISSIM simulation model was developed to replicate these 

conditions, allowing a direct comparison between real-world traffic behavior and simulated scenarios. 
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Figure 2. Data collection Manually through videography 

 

In Figure 2, traffic data collection was conducted through videography. Cameras were placed at key locations of 

the intersection to continuously record vehicle movements and flow during peak hours. The recorded footage was 

later analyzed to extract traffic volumes and turning movements. This method provided more accurate and 

consistent results compared to manual counting. 

 

In Table 1, we see that traffic volume is peak at 10:00 AM-11:00 AM, 2:00 PM-3:00 PM, 7:00 PM-8:00 PM. So, 

our analysis is completed based on this three-time period. 

 

Table 1. Hourly vehicle volume(outflow) at Mintu Chattar 

 

 

3. Results 

 

CO₂ Emission Calculation 

CO₂ emissions during vehicle stop (red light phase) are calculated as:  

 

                                                                            Eco2 = 0.3 ⋅ KC ⋅ T 

Where: 

• ECO₂ = CO₂ emission per vehicle (g/vehicle) 

• KC = 2.31 emission coefficient ( g/cc) 

• T = Average stop delay per vehicle (seconds) 

 

Total CO₂ emission per road per hour:  

Total CO₂ = N × ECO₂ 

Where N = Number of vehicles per road per hour (vehicles/hour) 

3.1. Delay comparison 

Time Slot Road 1 Road 2 Road 3 Road 4 

8:00–9:00 AM 650 950 1150 1300 

9:00–10:00 AM 750 1100 1350 1500 

10:00–11:00 AM 800 1200 1600 1800 

11:00–12:00 PM 780 1150 1500 1700 

12:00–1:00 PM 770 1125 1475 1675 

1:00–2:00 PM 760 1120 1460 1650 

2:00–3:00 PM 780 2650 1950 1250 

3:00–4:00 PM 790 2080 1700 1300 

4:00–5:00 PM 850 2000 1750 1450 

5:00–6:00 PM 900 2230 1900 1500 

6:00–7:00 PM 1000 2400 2020 1600 

7:00–8:00 PM 1050 2900 2200 1700 

8:00–9:00 PM 950 2600 2000 1550 
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The delay comparison charts (Figures 3-6) in this paper illustrate road wise stop delays at the Lokkhipur Mintu 

Chattar intersection in Rajshahi, Bangladesh, comparing unsignalized (manual control) and signalized (optimized 

signal timing) scenarios using PTV VISSIM simulations. 

 

 

      

   

Figure 3 shows road wise stop delays during the morning peak (10:00 AM–11:00 AM), from this chart we see that 

for signalization total delay is reduced to 55.5%. Figure 4 covers the road wise stop delays during afternoon peak 

(2:00 PM–3:00 PM), from this chart we see that total delay is reduced to 54.9%. Figure 5 addresses the road wise 

stop delays during evening peak (7:00 PM–8:00 PM), from this chart we see that total delay is reduced to 50%. 

Figure 6 shows total stop delays across all three peak periods, here we see that total delay is reduced to 55.5% for 

10:00 AM–11:00 AM, total delay is reduced to 54.9% for 2:00 PM–3:00 PM and 50% for 7:00 PM–8:00 PM. And 

here we see that an average 53.47% delay reduction across morning, afternoon, and evening, emphasizing the 

enhanced traffic efficiency achieved through optimized signal timing. 

 

3.2. CO2 Emission Comparison 

The (Figures 7-10) shows the CO₂ emission comparison charts and vividly illustrate the benefits of optimized 

traffic signalization at the Lokkhipur, Mintu Chattar intersection in Rajshahi, Bangladesh, as modeled using PTV 

VISSIM. These charts compare hourly CO₂ emissions under unsignalized (manual control) and signalized 

(optimized timing) scenarios during three peak periods morning (10:00 AM–11:00 AM), noon (2:00 PM–3:00 

PM), and evening (7:00 PM–8:00 PM) with a comprehensive summary. Emissions are calculated using the 

formula ECO₂ = 0.3 ⋅ KC ⋅ T (where KC = 2.31 g/cc is the emission coefficient and T is the average stop delay per 
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Figure 3: Road wise Stop Delay at 10:00 AM-11:00 AM 

 

 

Figure 4: Road wise Stop Delay at 2:00 PM-3:00 PM 

 

 

Figure 5: Road wise Stop Delay at 7:00 PM-8:00 PM 

                                        

 

                    

 

 

Figure 6: Total Stop Delay by Period and Condition 
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vehicle in seconds), scaled by vehicle volume (Total CO₂ = N × ECO₂, where N is the number of vehicles per road 

per hour).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Figure 7, the grouped bar chart illustrates road-wise CO₂ emissions during the morning peak (10:00 AM–11:00 

AM), a period of high commuter traffic. Each bar pair represents one of the four intersection approaches (e.g., 

Road 1, Road 2, Road 3, Road 4, as per Figure 1). Unsignalized emissions, shown in dark gray reflecting prolonged 

idling due to manual control inefficiencies. In contrast, signalized emissions achieving a total reduction of 103.31 

kg/hour across the intersection. The highest reduction (64.27%) occurs on Road 3, a major approach with 

significant traffic volume. The chart’s emphasize the substantial environmental benefit of signalization during 

morning congestion. In Figure 7, the bar chart illustrates road-wise CO₂ emissions during the noon peak (2:00 

PM–3:00 PM), characterized by mixed traffic patterns. Unsignalized emissions are shown in dark gray bars. The 

signalized scenario, in light gray bars, reduces emissions to yielding a total reduction of 125.42 kg/hour. Road 3 

exhibits the highest reduction (72.31%), while Road 1 shows the lowest (37.61%), reflecting differences in traffic 

volume and delay patterns. The chart’s intuitive layout underscores how optimized signal timing mitigates 

emissions during midday congestion. In Figure 7, the chart shows CO₂ emissions during the evening peak 

(Evening: 7:00 PM–8:00 PM), a period with high traffic volumes, including freight vehicles. Unsignalized 

emissions, in dark blue bars, exacerbated by evening rush-hour congestion and diverse vehicle types. Signalized 

emissions, in light gray bars, achieving a total reduction of 159.83 kg/hour. Roads 2 and 3 show reductions 

exceeding 50%, reflecting their high baseline delays. The chart’s readability, highlighting signalization’s 

effectiveness in managing evening traffic complexity. In Figure 8, the stacked bar chart provides a complete 

overview of total CO₂ emissions across all peak periods. Each stack represents cumulative emissions for 

Figure 8: CO2 Emission Comparison by 

Road at Period: 2:00 PM to 3:00:PM 

 

Figure 7: CO2 Emission Comparison by Road 

at Period: 10:00 AM to 11:00 AM 

 

 

Figure 9: CO2 Emission Comparison by Road 

at Period: 7:00 PM to 8:00:PM 

 

 

Figure 10: Total CO₂ Emission by Time 

Period and Condition 
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unsignalized (in dark gray) and signalized (in light gray) scenarios, segmented by time period (morning, noon, 

evening). Here total CO2 reduction for period 10:00 AM-11:00 AM is 55.26%. And total CO2 reduction for period 

2:00 PM-3:00 PM is 56.83% and for period 7:00 PM-8:00 PM is 53.48%.  

 
4. Conclusion 

 

This study focused on improving traffic flow and reducing CO₂ emissions at the Lokkhipur Mintu Chattar 

intersection in Rajshahi, which currently operates without any signal system. By using PTV VISSIM, a 

microscopic traffic simulation software, a realistic model was created to compare the existing unsignalized 

condition with a proposed signalized scenario.The results of the simulation showed that by introducing a proper 

traffic signal system, the average vehicle delay was reduced by 53.47%. This is a significant improvement and 

shows how proper signal control can reduce unnecessary stop-and-go movement, leading to better traffic flow. 

Along with reduced delay, the simulation also indicated a likely reduction in CO₂ emissions, as vehicles spent less 

time idling. This aligns with findings from other research where smart traffic systems showed a CO₂ reduction of 

32–40%. The simulation framework developed in this study can be used as a model for similar intersections across 

Rajshahi city, especially in other unsignalized areas facing congestion problems. It can help city planners and 

traffic engineers test signal setups virtually before applying them in real life, saving both time and resources. 

Overall, this study shows that applying traffic signal systems at busy unsignalized intersections can significantly 

improve traffic conditions and contribute to environmental sustainability in urban areas like Rajshahi. 
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