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Abstract

:

Integrating autonomous vehicles (AVs) into urban areas poses challenges for transportation, infrastructure, building, environment, society, and policy. This paper goes beyond the technical intricacies of AVs and takes a holistic, interdisciplinary approach by considering the implications for urban design and transportation infrastructure. Using a complex methodology encompassing various software types such as Simulation of Urban Mobility (SUMO 1.17.0) and STREETMIX, the article explores the results of a simulation that anticipates the implementation of AVs through different market penetration scenarios. We investigate how AVs could enhance the efficiency of transportation networks, reducing congestion and potentially increasing the throughput. However, we also acknowledge the dynamic nature of the scenarios, as new mobility patterns emerge in response to this technological shift. Furthermore, we propose innovative urban design approaches that could harness the full potential of AVs, fostering the development of sustainable and resilient cities. By exploring these design strategies, we hope to provide valuable guidance for urban planners and policymakers as they navigate the challenges and opportunities presented by the integration of these advanced technologies.
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1. Introduction


In recent years, digital technologies, information and communication technology, and artificial intelligence have experienced remarkable growth, becoming an integral part of our daily lives. Simultaneously, the automotive industry has made substantial strides, with autonomous vehicles taking center stage. Beyond the development of advanced safety systems such as adaptive cruise control, automated emergency braking, parking assistance, lane departure warnings, electronic stability control, and traffic sign recognition, the industry is now focused on developing fully autonomous vehicles (AVs) that can communicate with each other (V2V) and with the infrastructure (V2I). To facilitate this transition, SAE International [1] has standardized the six degrees of automation, ranging from entirely non-automated to fully automated systems.



While significant technical advancements have been achieved, the implementation of autonomous vehicles remains the focus of numerous collaborative international, European, and national research projects and pilots worldwide. These initiatives address a wide array of aspects, including safety and security [2,3,4], the development of new mobility services [5,6,7], the legal framework [8,9], user acceptance [10,11,12,13], connectivity and big data [14,15,16,17,18], socioeconomic evaluation, and sustainability [19,20,21,22], as well as practical deployment through pilot programs [21,22,23,24].



Extensive studies and research efforts have aimed to measure the market penetration of autonomous vehicles. The European Road Transport Research Advisory Council [25] suggests that full automation may not be available until after 2030, although we are already witnessing elements of high automation in personal vehicles today. Furthermore, Litman [26] predicts that fully automated vehicles will not become readily available and affordable until after 2060. On the other hand, some studies predict that Level 4 autonomous vehicles could capture up to 87% of the US market by 2045 in an optimistic scenario [27]. According to another source [28], by 2030, it is projected that approximately 45% of global new car sales may involve vehicles with connectivity at Level 3 or above, and Level 4 autonomy is anticipated to become available around 2024–2025. Given this information, it is reasonable to anticipate the gradual market penetration of autonomous and connected vehicles, with final widespread adoption to occur over an extended period of time. As noted in [29], which references an IHS Automotive report [30], the adoption of AVs is not a matter of “if” but “when” given technological advances, increased shared use, optimized land use, concentrated transit routes, and vehicle load factors.



As vehicle automation advances rapidly, it is imperative for road infrastructure development to keep pace. Neglecting to adapt the infrastructure concurrently could pose obstacles to the successful implementation of connected and autonomous transport. In the literature, infrastructure for AVs is commonly categorized into two parts: physical and digital infrastructure [31,32,33,34]. Alternatively, some sources [35] consider infrastructure under three distinct aspects: physical, digital, and cybersecurity. The physical infrastructure primarily encompasses geometric elements such as the lane width, lane number, curb space management, parking facilities, pavement design, and junction configurations. It is anticipated that a significant number of traffic signs may be eliminated [36,37], as vehicles gain the ability to communicate in real-time with one another (V2V), with the infrastructure (V2I), with pedestrians (V2P), and with the network (V2N) [38]. Nevertheless, road markings are expected to persist, as AVs rely on them for guidance and lane delineation [39]. Furthermore, maintaining well-kept streets is crucial, as factors like potholes can pose challenges for autonomous vehicles [40]. Currently, standard lane widths typically range from 2.5 m to 3.75 m [41]. With the advancement of lateral control and steering technologies, it is anticipated that lane widths, especially for dedicated lanes for autonomous vehicles, could be reduced by at least 20% [42]. For motorways, if vehicles rely solely on autonomous vehicle systems/sensors, it is estimated that the capacity will increase by 43%. If these sensors are combined with V2V communication, the capacity gains could go up to 273% [43]. Consequently, expanding the lane capacity may lead to a reduction in the total number of lanes required. NACTO, as outlined in [44], suggests that, in urban areas with low transit demand, lane widths could potentially be less than 2.5 m, and corner radii could also be smaller than current standards.



In terms of sustainability, the prevailing consensus among researchers is that AVs are expected to produce favorable outcomes. This is primarily due to their reliance on electricity and their potential for renewable energy generation [45,46,47,48,49,50]. However, some studies present a counterargument, suggesting that the adoption of private AVs could increase emissions. This is because they allow access to people who would otherwise not be able to drive [51], which could lead to more trips, in terms of both number and distance. In scenarios marked by high traffic congestion, the implementation of AVs has been shown to significantly increase the road capacity. Paradoxically, this increased capacity has been found to increase the traffic density, leading to an overall increase in emissions [52]. Various simulations have shown that there could be an increase of about 1% in CO2 and NOx emissions at a 30% penetration rate for connected and autonomous vehicles (CAVs). However, in the scenario where all 30% of these vehicles are electric, a consistent decrease of about 30% in emissions is observed [53]. It therefore becomes clear that appropriate policies and regulation are essential to strike a balance between the concerns of different stakeholders and to ensure that CAVs contribute to the overall sustainability of the transport system.



Limited literature has been published on AV acceptance in Romania [54,55,56], and the results do not appear to be different compared to those of other international studies. The additional strategic planning of transport and mobility has paid limited attention to the incorporation of autonomous and connected transport (ACT) technologies to date, as highlighted in [57,58,59,60]. However, there has been a significant development with the recent publication of the National Strategy for Intelligent Transport Systems 2020–2030 [61]. This strategy progressively addresses the integration of AVs, starting with legislative aspects. In terms of the impact that AVs could have on the urban space, the literature is quite scarce. This is the reason why the aim of this research is to provide an exploratory study proposing a scenario for the introduction of shared autonomous transport into the public transport system, investigating the influences and impact that AVs could have in a specific area of Bucharest. The paper intends to respond to the research question: How might the introduction of AVs in a designated area of Bucharest affect street traffic, environmental pollution, and the urban space? Thus, the research aims to demonstrate the hypothesis that the introduction of autonomous transport in Bucharest will allow the reshaping of the urban space and positively impact the environment. The paper is organized as follows: Section 2 introduces the materials and methods, Section 3 presents the results of simulations on a street segment using different AV market penetration scenarios, and the discussion and Section 4 summarize the main findings and conclusions.




2. Materials and Methods


2.1. Methodological Approach


Conducting urban traffic simulations under conditions of uncertainty, like the introduction of AVs, serves as a valuable tool for testing and assessing diverse traffic management scenarios. Several simulation approaches are employed presently that rely on different models, including (i) macroscopic models, which focus on the collective dynamics of traffic elements with broader implications, such as the vehicle density; (ii) microscopic models, which delve into the individual behavior and dynamics of each traffic element; and (iii) mesoscopic models, offering a hybrid approach that incorporates elements from both macroscopic and microscopic models. Macroscopic models are appreciated for their fast execution but tend to lack accuracy. In contrast, microscopic models offer the advantage of modeling specific routes and can accurately simulate fuel consumption and emissions. They are particularly useful in contemporary research to assess the impact of AVs. Accordingly, the present research also incorporates microscopic modeling. To this end, Eclipse SUMO (Simulation of Urban Mobility) serves as the microsimulation tool of choice. SUMO [62,63,64,65,66] is well regarded for its capabilities as a powerful, open-source, and versatile simulation platform designed to handle large networks. Developed by the German Institute for Transport Systems for the evaluation of traffic infrastructure, SUMO allows the simulation of multimodal traffic networks, incorporating pedestrians, public transport, and various types of road vehicles.



The study employed ten distinct scenarios for the predictive analysis. Among these, five scenarios simulated the gradual integration of autonomous vehicles, while two were specifically designed to investigate how different parameters change as the traffic volume increases, all within the context of a Level 5 AV fleet. The final three scenarios involved reducing the number of lanes to one lane per direction while incrementally introducing Level 5 AVs per hour and direction. This set of scenarios aimed to explore the influence of these changes on various traffic parameters. The approach to scenario development and the evaluation of Connected and Autonomous Vehicles’ impact, facilitated by the open-source Microscopic Traffic Simulator SUMO and STREETMIX open-source software, is outlined in Figure 1. Streetmix [67] is an interactive web tool designed for creating streets and street networks. It visually demonstrates the street design process and serves as a valuable resource for urban planners interested in designing diverse urban environments.



2.1.1. Study Area


Bucharest is a notable example of mobility patterns in densely populated urban areas. The city features a well-developed public transportation system that enables the efficient movement of people. As per the Sustainable Urban Mobility Plan (SUMP) for Bucharest-Ilfov in 2016 [68], the modal share was estimated as follows: 36% for private car usage, 27% for public transport usage, 31% for walking, 2% for cycling, and 4% for other modes of transportation.



The simulations took place along Expozitiei Boulevard, comprising a network segment located in an area with a diverse range of urban functions (see Figure 2 and Figure 3). The study area is becoming even denser with mixed-use developments, according to the already-approved urban zonal plans [69]. The segment comprises two distinct sections, each characterized by different cross-sectional dimensions. The first section has three traffic lanes in each direction, separated by two tram tracks and a small green area with a generous pavement on the right-hand side. The second section consists of a single two-way street. The tram tracks are positioned off the streetway, incorporating a turning loop near Park Street.



The geometrical features depicted in Figure 4 were generated using STREETMIX software [67].



The traffic capacity of Expozitiei Boulevard varies due to factors such as the road design and illegal parking. STREETMIX software, according to the TUMI [71] and NACTO [72] methods, is used to calculate the passenger capacity for different transport modes. According to these methodologies, Figure 5 and Figure 6 illustrate the passenger capacities for the two sections under consideration. These capacities serve as an initial reference point for the assessment of the transport capacity changes due to the introduction of a fully autonomous vehicle fleet. Peak traffic occurs in the late afternoon with varying speeds depending on the sections. Public transport includes bus line 105 (4 vehicles/hour per direction) and tram line 3 (1 vehicle/hour per direction), which has a separate track that is suitable for potential autonomous transport initiatives.




2.1.2. Network Preparedness


The construction of Expozitiei Blvd and its associated street network was carried out following the technique outlined in [73,74]. Street maps were generated by extracting data from OpenStreetMaps.org [75] and converting the downloaded .osm file to .xml format. Further refinement was performed using SUMO NetEdit, involving adjustments to road speeds, lane merging, vehicle behavior at intersections, and traffic signal timing (based on measurements conducted in March 2023). To facilitate the simulation’s execution, network configuration, and trips, XML files were generated. Network configuration XML files represented the testbed for the simulations, input data from trips’ XML files were utilized, and output files for post-simulation data analysis were specified. Trips’ XML files contain detailed information about vehicle types, routes for vehicles, and the traffic flow on defined routes. The output files, such as trip information, duration, waiting time, time loss, and emissions were generated after the running of each simulation in XML format and converted into a csv file for facilitation of the analysis. For the most part, static traffic generation was used across all scenarios (Figure 7 and Figure 8), maintaining consistent traffic levels (both in terms of time and volume) on the same map for each situation.



A dual-phase approach was conducted from the street configuration point of view to replicate transportation scenarios involving connected and autonomous vehicles. In the initial phase of the simulations, we retained the existing layout of the two sections along Expozitiei Blvd. However, in the second phase, we intentionally reduced the number of traffic lanes to just one lane for each direction. The primary goal of this study was to evaluate the viability of reducing the number of lanes in a traffic scenario exclusively featuring autonomous and connected vehicles. We aimed to determine how much we could increase the transportation capacity without causing traffic congestion while also creating more room for active mobility.




2.1.3. Scenarios’ Set-Up


The market penetration of AVs has gained extensive attention in academic research, with estimates varying based on factors like the technological maturity and consumer adoption. One analysis [26] anticipates 50% autonomous vehicle adoption by 2045. An additional study by Catapult [76] presents optimistic and pessimistic scenarios, indicating that Level 4/5 autonomous vehicles could achieve penetration rates of approximately 30% and 3%, respectively.



This research examines ten scenarios to assess the impacts of autonomous and connected vehicles on traffic, urban spaces, and the environment with a focus on gradual integration and lane reduction scenarios along Expozitiei Blvd (Table 1). Scenarios 1 to 7 focus on the gradual introduction of AVs into the market, utilizing the existing infrastructure of Expozitiei Blvd. Meanwhile, scenarios 8 to 10 explore varying vehicle flows by reducing the number of lanes in each direction along the same boulevard.




2.1.4. Emission Modeling in SUMO


The emission calculation [77] follows a general formula based on the energy consumption rate:




P = c0 + c1va + c2va2 + c3v + c4v2 + c5v4









In this formula,



	
ci = constant parameters specific to the vehicle type;



	
v = speed;



	
a = acceleration.









3. Results of the Simulation Using Different AV Market Penetration Scenarios and Discussion


3.1. Results of the Simulation Using Different AV Market Penetration Scenarios


3.1.1. Traffic-Related Parameters


In the initial phase of our investigation, we performed a total of seven simulations using the existing network model. The first five simulations were performed with a traffic flow of 500 vehicles per hour in each direction. In the last two simulations of this phase, we considered the possibility of increasing the traffic volume with Level 5 vehicles from 500 vehicles per hour in each direction to 750 vehicles per hour and then to 1000 vehicles per hour. Each simulation lasted 3600 s, and it is important to emphasize that we used the full carrying capacity of the roadway in our simulations. It is worth noting that, in practice, the first lane in each direction is often used for parking, even in areas where such use is prohibited.



Figure 9 and Figure 10 illustrate simulations 3 and 9 (see Table 1 above), along with the variations in the time-related parameters, including the average travel waiting time, average travel time, average travel time loss, and average travel speed. To differentiate between the different levels of vehicle autonomy, specific colors were assigned: non-autonomous vehicles in yellow, Level 1 in blue, Level 2 in white, Level 3 in orange, Level 4 in purple, and Level 5 in green. Figure 11 provides comparisons related to the travel speed, duration, queuing time, and waiting time. The results of the study indicate a positive correlation between the penetration rate of AVs and the maximum speed of all vehicles. A notable increase in the maximum speed is observed in scenarios 2–5. It is important to note that this growth rate is not linear due to the different levels of automation. Specifically, AVL1 and AVL2 have moderately favorable impacts on speed, while AVL3 has a negligible influence. Scenario 5 stands out with the highest average maximum speed, reaching 12.43 km/h, as all vehicles in this scenario are equipped with AVL5.



The study also suggests that an increase in the adoption rate of autonomous vehicles may have a positive effect on the average traffic speed. However, the introduction of autonomous vehicles with a lower degree of automation may have a negative impact on the average speed, especially when sharing the road with non-autonomous vehicles. As the level of automation decreases, the performance of autonomous vehicles in terms of speed and their compatibility with non-autonomous vehicles is negatively affected.



Further, the research shows that, as the proportion of autonomous vehicles increases, the average trip duration, waiting time, and time loss decrease. Scenario 5 (Figure 12), with exclusively AVL5 vehicles, demonstrates the shortest trip duration, suggesting that an all-autonomous vehicle fleet can boost the traffic efficiency. Waiting times vary by scenario, with the smallest time loss occurring in Scenario 5 (all AVL5 vehicles) and the largest occurring in Scenario 1 (25% AVL1 and AVL2). The study highlights the ability of autonomous and connected vehicles to maintain a consistent and efficient speed, reaching a maximum speed of 12.45 m/s, even with increased traffic, within typical urban road speed limits.



The simulations reveal that the average speed of autonomous vehicles decreases with higher traffic volumes, indicating challenges with maintaining service levels during times of peak demand, possibly due to defensive driving or road capacity limits. More autonomous vehicles lead to longer trip durations, suggesting a limit on their effective numbers without causing significant delays. As the traffic volume increases, waiting times and time loss also grow. In the second phase with a single lane per direction but the same traffic volume, autonomous vehicles maintain their efficiency and safety with consistent speeds. However, a speed improvement is notable in scenarios 8 and 9, while a drop in scenario 10 might result from a cautious driving approach and road network misalignment with traffic signals (Figure 13). The study suggests that enhancing the critical traffic density might require fewer than 50% more autonomous vehicles, prompting the need to reshape urban spaces to prioritize active modes and green areas. However, when the metro line is available in the area, it is anticipated that the surface transport demand will diminish.




3.1.2. Emissions, Fuel Consumption, and Noise


The research assesses emissions, fuel consumption, and noise levels across scenarios 1 to 4, encompassing a spectrum of fully autonomous vehicles. The findings underscore a tangible reduction in pollution indicators, as the penetration of connected and autonomous vehicles rises. Notably, the scenario with the most favorable environmental impact is scenario 4, where no non-autonomous vehicles are present, and only vehicles ranging from Levels 1 to 5 operate autonomously. Within this context, it is evident that the degree of vehicle automation plays a pivotal role in determining their emissions profile. Specifically, higher levels of automation correlate with significantly lower emissions, even reaching zero emissions in some cases. Conversely, vehicles with lower levels of automation exhibit higher emissions levels, highlighting a direct relationship between automation technology and environmental benefits. These data underscore the substantial potential of fully autonomous vehicles, particularly those at the highest automation levels, to mitigate environmental pollution and promote cleaner and more sustainable transportation systems (Figure 14).





3.2. Street Redesign


We propose a two-stage reorganization of the urban space in the studied area. In the first stage, we recommend the transformation of the current road network by reducing it to two narrow lanes, the introduction of two dedicated bicycle lanes, and the reallocation of space away from public transportation lanes. Additionally, we suggest that the number of traffic lanes is reduced to a single lane in each direction. Our main objective is to enhance the capacity for active modes of transportation, create more pedestrian-friendly areas, and allocate space for green areas. Furthermore, we consider light rail transportation as a viable option for public transport. During the adaptation stage, one of the existing five lanes is removed, and vehicle lanes are consolidated into a single section. The dedicated public transport lane is reduced to 3.1 m in each direction (considering that AVs require less maneuvering space due to their improved lateral control), resulting in an 11.2 m wide roadway. Two bicycle lanes, with a width of 1.7 m each, are introduced alongside the road, and pedestrian and green spaces are expanded. The new configuration is outlined in Figure 15.



In the consolidation stage, the road is transformed into a single traffic lane in each direction, with each lane measuring 2.8 m [73,78]. The dedicated public transport lane is reduced to 3.0 m in each direction, while the two bicycle lanes are retained. This change significantly increases pedestrian areas, including recreational spaces, which grow by 57%, and green spaces, which now cover 68% of the area (Figure 16).



In the initial phase, a 30% reduction in the automobile space led to the creation of two bicycle lanes, an expansion of the pedestrian space by 16%, and a 12% increase in green space. In the second phase, the vehicle space was reduced by 65%, resulting in 57% growth in the pedestrian space, which includes recreational areas. Further, green space now constitutes 68% of the area, as indicated in Table 2.



Figure 17 depicts pedestrian and transportation capacities for both stages and under the TUMI calculation mode [71]. These capacities show improvement, with a 33.3% increase in the first stage and an 18.6% increase in the second stage when light rail is utilized as a public transportation option. The results suggest that reducing the number of lanes for vehicles can potentially enhance the transportation capacity through more efficient street area restructuring.



The simulation results suggest that, with the adoption of fully autonomous vehicles, there will be room for reducing the number of lanes to optimize the traffic volume. As AVs are expected to have a lower environmental impact, this shift would also lead to a decrease in polluting emissions. This transformation allows for the reconfiguration of physical space, making way for dedicated bicycle lanes and expanding pedestrian areas. Moreover, it facilitates the inclusion of more green spaces, which aligns with findings from prior research [79,80,81,82]. Additionally, this reconfiguration notably increases the overall transport capacity per section, albeit at the expense of reduced space for car circulation. Thus, the hypothesis is confirmed: the introduction of AV transportation in Bucharest opens up opportunities to reshape the urban space while having a positive impact on the environment.





4. Conclusions


Currently, autonomous guided transport systems like metros, trains, and trams operate on dedicated infrastructure, separate from general traffic networks. As we transition toward full market adoption of autonomous and connected vehicles, it will be vital to introduce traffic segregation measures with a particular emphasis on autonomous mass transportation. The integration of autonomous vehicles (AVs) into urban areas presents multifaceted challenges across the transportation, infrastructure, construction, environment, society, and policy domains.



This paper takes a comprehensive approach that extends beyond the technical intricacies of AVs to encompass their broader implications on urban design and transportation infrastructure. Utilizing a sophisticated methodology involving open-source software tools like SUMO and STREETMIX (explained in the methods section), the study examines the outcomes of simulations that anticipate AV implementation under various market penetration scenarios.



The simulations conducted indicate that the introduction of autonomous vehicles in Bucharest has the potential to significantly improve the traffic conditions and overall environmental factors, thus addressing the research question. Furthermore, the conversion of traffic lanes into dedicated bicycle and pedestrian areas will enable a fundamental reconfiguration of the urban space, supporting the initial hypothesis. It is essential to note that this study focused solely on car traffic and did not encompass elements associated with shared transportation.



The paper puts forth innovative urban design strategies that could harness the full potential of AVs, promoting the development of sustainable and resilient cities. Through the exploration of these design approaches, we aim to offer valuable guidance for urban planners and policymakers as they navigate the challenges and opportunities presented by the integration of these advanced technologies. Finally, the findings of this research emphasize that the integration of autonomous vehicles into the urban environment is a complex endeavor, presenting various challenges.



The methodology employed in this study can be readily replicated in diverse locations, both within Romania and internationally. This flexibility allows for the adaptation and application of the research approach to various urban settings, making it a valuable tool for assessing the impact of AVs on urban mobility in a wide range of regions.



Nevertheless, a limitation arises due to the restricted scope of the simulation conducted exclusively on a small street segment, potentially impacting the generalizability and wider applicability of the study findings to more complex or varied urban environments. The paper serves as a simulation that is specific to a particular situation and a distinct mode of transportation within a specific context and should be perceived as a demonstration, rather than as a methodology for conducting traffic studies.



Future research will involve modeling the street network of the neighborhood in anticipation of upcoming construction projects. Additional investigation is planned to explore on-demand shared transportation using AVs. This research will take into consideration the overall transport capacity considering the forthcoming metro line that will support and enhance the transportation infrastructure.
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Figure 1. Methodological approach. Elaborated by the authors. 
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Figure 2. Aerial view of the selected network segment [70]. 






Figure 2. Aerial view of the selected network segment [70].



[image: Ijgi 13 00016 g002]







[image: Ijgi 13 00016 g003] 





Figure 3. Land-use in the study area [69]. 
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Figure 4. Geometric characteristics of Sections 1 and 2 developed using [67]. Elaborated by the authors. 
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Figure 5. Expozitiei boulevard Section 1. Passenger capacity according to [71,72]. The green square represents the sum of the values from the orange, yellow and green bars. Elaborated by the authors. 
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Figure 6. Expozitiei boulevard Section 2. Passenger capacity according to [71,72]. The green square represents the sum of the values from the orange, yellow and green bars. Elaborated by the authors. 
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Figure 7. Configuration of the Expozitiei Blvd. Scenarios 1–7. 
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Figure 8. Configuration of the Expozitiei Blvd. Scenarios 8–10. 
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Figure 9. Simulation 3 and variations in different average travel time parameters and the average travel speed. 
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Figure 10. Simulation 9 and variations in different average trip time parameters and the average trip speed. 
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Figure 11. Comparison between the parameter variations for scenarios 1–5. 
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Figure 12. Parameter variation in scenarios 5–7. 
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Figure 13. Parameter variation in scenarios 8–10. 
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Figure 14. CO2, CO emissions, fuels consumption and average noise level. 
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Figure 15. Expozitiei Blvd—Sectional view of the proposed changes in the first stage of Level 5 AVs—light rail/guided automated vehicle as a public transport service (designed using [67]). 
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Figure 16. Expozitiei Blvd—Sectional view of the proposed changes in the second stage of Level 5 Avs—light rail/guided automated vehicle as a public transport service (designed using [67]). 
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Figure 17. Average capacity (persons/hour) for the stages considered, using light rail as a public transport mode (according to [71]). The green square represents the sum of the values from the bars. 






Figure 17. Average capacity (persons/hour) for the stages considered, using light rail as a public transport mode (according to [71]). The green square represents the sum of the values from the bars.



[image: Ijgi 13 00016 g017]







 





Table 1. Scenarios considered for the study on the influence of AVs on the urban landscape and environment.
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Scenario

	
Veh/h

	
Level 0

	
Level 1

	
Level 2

	
Level 3

	
Level 4

	
Level 5






	
1

	
500

	
75%

	
20%

	
5%

	
0

	
0

	
0




	
2

	
500

	
50%

	
25%

	
15%

	
5%

	
5%

	
0




	
3

	
500

	
25%

	
25%

	
25%

	
15%

	
5%

	
5




	
4

	
500

	
0

	
10%

	
20%

	
20%

	
25%

	
25%




	
5

	
500

	

	

	

	

	

	
100%




	
6

	
750

	

	

	

	

	

	
100%




	
7

	
1000

	

	

	

	

	

	
100%




	
Reduced number of lanes




	
8

	
500

	

	

	

	

	

	
100%




	
9

	
750

	

	

	

	

	

	
100%




	
10

	
1000

	

	

	

	

	

	
100%











 





Table 2. Space acquired and the reduction rate through a decrease in the street width.
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1st Stage

	
2nd Stage




	

	
Initial (m)

	
(m)

	
(%)

	
(m)

	
(%)






	
Driving lane

	
16

	
11.2

	
−30%

	
5.6

	
−65%




	
Bike lane

	
0

	
3.4

	
100%

	
3.4

	
100%




	
Sidewalk

	
7.4

	
8.6

	
16.2%

	
11.6

	
56.8%




	
Public transport

	
6.6

	
6.2

	
−6.1%

	
6

	
−9.1%




	
Green space

	
5

	
5.6

	
12%

	
8.4

	
68%




	
Total width

	
35

	
35

	
0

	
35

	
0
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