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Abstract  

Autonomous vehicles (AV) promise to revolutionize mobility and transport globally. As such, it is of the utmost 

importance to realize the consequences of its presence in urban environments, where the majority of the world 

population exists and therefore the biggest challenges. 

This study aims to determine how AVs will influence the infrastructure of the urban environment since it was 

designed to be used by today’s vehicles and pedestrians. It aims to analyze changes in road infrastructures to enable 

the use of AVs, a subject that has yet to be further developed. 

As a case study, the use of AV in an urban area was simulated, with Lisbon's Zone 1 of the Reduced Emissions 

Zone (ZER) as the focus area, using PTV VISUM software. A base scenario was established and later on alternative 

scenarios were considered, such as the creation of an exclusive AV route, mixed distribution of traffic between vehicles 

with human driver and AV and finally, a scenario resorting to a 100% AV fleet. 

The results of the simulation were analyzed considering the impact on traffic congestion and emission of 

pollutant gases. The study of these parameters allowed to demonstrate that there is a positive tendency to mobility and 

a significant reduction in the emission of polluting gases. As for infrastructure, the conclusion is that there is a high level 

of difficulty at the current moment to perform radical changes in an urban setting, especially in a scenario where human 

drivers and AV coexist. 
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1. Introduction  

First, it is important to define what an autonomous car is. It is a vehicle that drives without human intervention, 

independently. It is important not to confuse with a connected car, this being a vehicle equipped with systems that allow 

communication between vehicles and infrastructure. However, it becomes obvious that an autonomous car needs to be 

connected to reach its maximum potential, both at software and hardware level. The International Society of Automotive 

Engineers (SAE), has set 5 progressive degrees of automation to classify and distinguish vehicles. It declares and 

identifies in each step of the classification the aspects of driving attributed to the machine and to the human driver. 

According to this scale, the level 5 is considered the total autonomy (without a human driver), and level 0 the lack of 

any communication technology and autonomy. Currently, most cars are at level 2. 

With the use of AV, higher traffic safety and lower congestion in urban environments are expected, making it more 

predictable and less chaotic. Thus, despite the uncertain and speculative nature of the subject, some of the advantages 

are summarized, as seen in “Autonomous Vehicle Implementation Predictions: Implications for Transport Planning” 

(Litman, 2016). One of these predictions is the reduction of stress by drivers, allowing users to perform other tasks 

related to their profession, or even the possibility of resting for the duration of the trip. Also, with the increase in the 

efficiency of mobility, and with the change of the energy paradigm, a reduction in the costs of maintenance of the vehicle 

is expected, also promoting less emission of polluting gases. By resorting to platooning and the reduce of congestion, 

an increase in economic activity is expected with the improvement of road transport and mobility. With the AVs, there 

is an opportunity for users previously excluded from driving, such as the elderly or disabled. These vehicles are expected 

to reduce accidents, since human error is associated with 90% of road accidents (Fagnant and Kockelman, 2015). The 

problem of parking can also be reduced, freeing the user of this task, with the vehicle operating as its own Valet.  

All these benefits are aligned with fundamental societal goals, such as decarbonization or the inclusive and circular 

economy. But what challenges are presented as a counterpoint? These vehicles in the short and medium term represent 

a high investment for the consumer and can also increase services costs and even at the level of public investments 

due to new infrastructure. The concern for security is still conditioning, especially at the cybernetic level. Also note the 

potential for increased risk behavior on the part of users, depending totally on the behavior of the vehicle or avoiding 

basic safety measures (seat belt). With the ease of mobility provided by AVs, the perverse effect of increasing the 

volume of traffic may occur, making use of the car for routes that would otherwise be done with other means of transport. 

Expansion of metropolitan areas will also be expected for the convenience of mobility. Plus, coupled with a reduction of 

speed to reconcile with urban safety, may also increase travel time. Negative impacts on employment, associated with 

individual, collective and freight transportation, will be expected. With the reduction of accidents, the entire car repair 

and maintenance industry may also suffer a plunge in commercial activity. 

Regarding road infrastructure, is it important to define it: consists of all the structures that make up the road network, 

such as roads, bridges and tunnels, auxiliary and design elements, which allow the normal circulation of vehicles and 

other transport means (providing good levels of service), from pavement, support and rescue systems, signaling, 

drainage, longitudinal and transverse geometry.  

Looking at the relation between AV and infrastructure, where we analyze a scenario of "Everything somewhere", 

which is total autonomy in a certain site, this may appear as the most cautious scenario. It is stipulated for example, 

corridors for platooning on the freeways. On the other hand, in an urban environment, it can be considered the creation 

of roads or neighborhoods (isolated from the rest) only allowed to the autonomous cars. In both cases, a physical barrier 

with divisive pathways is created beyond the formal barrier. To guarantee the current volumes of traffic, and regarding 

a long-term scenario, it seems reasonable the need to replicate infrastructure, when constructing specifically for the 
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autonomous cars. By contrast, we have the "Something everywhere" scenario, where human and non-human drivers 

coexist, or even cars with varying degrees of autonomy, from level 0 to 5. The possibility of conflict is real since humans 

have disruptive behaviors and even the vehicles themselves have different capacities and degrees of autonomy. 

Moreover, to ensure the coexistence of these completely different types of drivers, it is necessary (again) nearly a 

duplication of the infrastructure, or more conservatively speaking, a substantial reinforcement of the existing one, to 

ensure that always and at all places, the guarantee of safety for these autonomous cars exist. 

However, the most basic question remains: how will tunnels, bridges, roads (pavements, geometries), 

communications and drainage, i.e. the various elements of road infrastructure, be affected? It's still hard to answer. As 

already mentioned, due to easier conditions regarding modification of its structure, the freeway will be the preferred 

route for initial implementations, relegating the urban environment (more chaotic and denser) to a subsequent phase. 

In the end, the urban environment may be the last to be conditioned to the new infrastructures, already at an advanced 

stage in which the autonomous car represents a majority, if not universal, share of the car fleet. Another consideration 

will be the need for a high investment in new infrastructures (especially regarding communication aspects that support 

connectivity, V2X, V2I, V2V), and an investment that guarantees high levels of reliability and constant maintenance of 

the routes for safe driving, both visual and digital (the need to detect vertical and horizontal signs, lighting, adequate 

pavements, containment of vegetation, etc.). In conclusion, there are aspects that will condition the use of autonomous 

cars at the level of infrastructure. As suggested in studies (Johnson 2017), elements such as road surface, road type, 

weather, time of day, availability of communications structure and congestion will be important and still need to be 

clarified. Political power will also be fundamental here in the standardization of systems and processes and in the 

promotion of a national and global strategy for autonomous cars. Only then will it be possible to clarify what is the role 

to play by the infrastructure to boost autonomous cars potential, given the connection they share. 

2. Methodology 

2.1 Case study description 

This area of Lisbon, Zone 1 of ZER, was chosen for various reasons: as many European cities, Lisbon has a so-

called “Old Town”, in which is also centered an important economic hub. So, combining these two main stress motives 

for mobility, there are concerns with traffic problems and environmental issues by citizens and City Council. So, it is 

being implemented by the City Council a plan to reduce emissions, by lowering traffic volumes in this area with some 

reports about its results already made (ZER Report). So, based on the information from these reports, there was an 

important start point to initiate this study, regarding traffic volumes and gases emissions. It is also important to note, 

that this area is strongly restricted in terms of infrastructure since its urbanistic plan is originated from the XVIII century. 

For all these motives, the reports with valuable information about this area, its economic importance, the traffic and 

environmental concerns, also the difficulty to dramatically change infrastructure, this area become much more 

interesting to study the impact of AVs in terms of mobility than other areas, more recent and modern of Lisbon. 

2.2 Modelling software 

It is the intention of this study to analyze the impact that autonomous vehicles would have on the Reduced Emission 

Zone (ZER) of Lisbon, both in terms of traffic and environment, taking also into account well the potential for change in 

terms of road infrastructure. Therefore, the purpose is to know through a case of modeling and the analysis of its results, 

whether autonomous cars can be the solution for congested traffic like Lisbon, thus increasing mobility and air quality. 

It is also an objective to know if it will be necessary to perform infrastructure changes, in an area of the city with a 
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perfectly defined and implemented historical urban network and strongly pressured by tourism. Since it was not possible 

to use real AVs for the modelling, it was used the PTV VISUM software, making use of various alternative scenarios in 

contrast with a base scenario, reflecting the current situation in the area. 

2.3 Current Diagnosis of base scenario 

The Zone 1 of ZER consists of Rotunda do Marquês de Pombal, Avenida da Liberdade, Restauradores, Baixa 

Pombalina, ending at Terreiro do Paço / Praça do Comércio. It also has branches towards Cais do Sodré and in the 

opposite direction, to Campo das Cebolas (Santa Apolónia). This zone can be characterized in two types: a radial road, 

Avenida da Liberdade, characterized by wide roads with at least four lanes (rectilinear geometry along the route) and 

wide pedestrian walkways; and a local access route, such as Baixa Pombalina, with narrower roads, strongly pressed 

by a consolidated urban orthogonal mesh, with narrow sidewalks. It is important to highlight that Praça do Rossio does 

not have paved pavement, unlike the other roads that are in bituminous pavement. Throughout this axis and in this area 

of study, there are state services, company headquarters, as well as a strong activity of commerce and even luxury 

housing. There is also a huge tourist movement, from all economic areas. This area of Lisbon can be considered one 

of the richest and most central of the capital, reflected in the price per m2 of the land. The coverage given by public 

transport is made by both Rossio and Cais do Sodré Railway Station and by Terreiro do Paço and Cais do Sodré River 

Stations. It also has the Metro Service (Green Line and Blue Line, with a total of 7 stations to reach the zone) and Carris 

(with 5 buses passing through Avenida da Liberdade and high frequency schedules). Finally, there is a strong presence 

of Taxis. Despite this, the predominant mean of transport remains the private car. From this traffic, although the great 

majority represents movements contained within the city limits, there is a significant fraction belonging to residents of 

the suburbs and surroundings of Lisbon, characterized by the typical pendular movement. Therefore, it is natural to 

have an intense and congested traffic, and it may even be considered that it does not have a definite peak hour, since 

the volume is constant and high during daylight, between 8am and 8pm. This situation, in addition to the obvious 

pressure placed on the residents and professionals who circulate in the area, making their mobility and accessibility 

difficult, has proven environmental impact, with an excessive emission of pollutant gases, degrading this noble area of 

the city. 

3. Modelling of a case study 

3.1 Network modelling 
Because there are only global values of traffic volumes, a counting survey was performed to better define 

movements and delimit the study zone. The next phase required the creation of the road network of the base scenario 

in the PTUM VISUM software, modelling the study area. To implement it, 4 large elements were used: Links, Nodes, 

Zones and Connectors. The network consists of 7 zones (Marquês de Pombal, Avenida da Liberdade, Restauradores-

Rossio, Baixa, Terreiro do Paço, Cais do Sodré, Santa Apolónia) and 7 types of connection, referring to the use of 

various types of roads with 1, 2,3 or 4 lanes and BUS corridor with 1 or 2 lanes. The capacities were adjusted for each 

type of lane. As for vehicle characterization, the following modes were used: Private vehicle (CAR), Autonomous Vehicle 
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(AV), Public Bus (BUS) and Pedestrian (WALK). The 

latter functions as an auxiliary mode to the BUS, since 

people need to move on foot to the bus stop within the 

connection where the stop is located. Only surface 

modes of transport were considered, except for 

motorcycles and bicycles. The speed for the base 

scenario was considered the maximum allowed in the 

Portuguese road code for the urban environment, 50 

km/hour. Subsequently, 5 buses were implemented: 709, 

711, 732, 736, 759. For the luminous signals, it was 

considered "all red" time as 3 seconds in all systems, with 

cycles of 100 seconds in Avenida da Liberdade, and 80 

seconds for the other zones. It should be noted that the 

topography of the terrain was not considered due to its little impact. Regarding the various geometrical elements of the 

road network, only the width of the road was considered, using 3.5 m in Avenida da Liberdade, Restauradores and 

Rossio and 3 m in the other areas. 

3.2 Demand modelling 

 

The 4 Step model works based on 4 stages: Generation/Attraction, Distribution, Choice of Mode and Route 

Choice. In the definition of Segmentation (Generation/Attraction), establishing a total parallelism with the ZER Report, 

3 Person Groups (“F LX”, movements from outside Lisbon; “LX”, movements from within city limits, “LX Z1”, movements 

from inside Zone 1) and 2 Activity Pairs (“LZ”, activity representing Leisure, with 30% of movements, “WRK”, 

representing work, with 70% of movements) were formed. The number of people (NumPersons), attribute referring to 

each Person Group, is proportional to the number of registered cars per zone to generate 25 000 movements. At the 

Demand Segment level, 3 arrays were considered, referring to each transport mode, in this case, AV, BUS, and CAR, 

thus establishing the Modal Distribution. It was established as Standard Time Series, only 1 single mode, between 06:00 

and 21:00. For Skim Matrices, the following characteristics were 

calculated for each Strata Demand as shown on Table 1. 

In this case consider t0 the value of time in free flow speed, tcur the 

time value in congestion, V0 the speed value in free flow speed and Vcur 

the value of velocity in congestion. It should be noted that, for the 

purposes of the final analysis of the Base Scenario, the congestion 

characteristics, Vcur and tcur were considered as the constraints. 

Having these parameters defined, a sequence of functions can finally 

be established, and the 4 steps Model performed, promoting a total of 33 

functions for the described procedure. Knowing the partial volumes of the 

zone, it was necessary to later calibrate the model, using the TFlowFuzzy 

function, as a function of the COUNT attribute for the terrain counts, and still having an overall system traffic value 

around 25916 vehicles. Having initially limited vehicle permissions to certain links (e.g. essential for the existence of a 

BUS lane), the simulation time was defined, the traffic capacities for the same connections were specified and the base 

 

Table 1: Skim Matrices 

CAR / AV BUS 

t0 Journey Time 

tcur Journey Time Adapted 

V0 In Vehicle Time 

Vcur Walk Time 

Impedance Impedance 

Trip Distance Perceived Journey Time 

Direct Distance Journey Speed 

  Adaption Time 

Figure 1: Network model 
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speed limited to 50 km / h, the new adjustments were put into the General Procedure Settings. 

At this point, there were two levels of focus: Volume Delay Function and Impedance Function. In the Volume Delay 

Function, to create greater congestion conditions for routes other than the BUS path, establishing two distinct BPR 

functions for them (equation 1), as shown in Table 2. 

 

 
 
 
 
 
 

𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝐵𝑃𝑅: 𝑡𝑐𝑢𝑟 = 𝑡0(1 +  𝐴 × 𝑠𝑎𝑡𝐵), 𝑠𝑎𝑡 =  
𝑞

𝑞𝑚𝑎𝑥
× 𝐶 (1) 

Sat represents the saturation, and q the road capacity and qmax the maximum capacity.  

Using this formula (1), it was determined the value of B being 2.27, which allowed an effective traffic 

congestion, and resulted in values for velocity (Vcur) and time (tcur) that can be considered close to the required for the 

base scenario. At the same time, the Impedance function was calibrated, making a distinction between the CAR and 

AV modes as shown on Table 3 (reducing 0.5 to t0 of the AV function to simulate a reduction in reaction time). 

 

Table 3: Modes e Impedance Function 

CAR AV 

2,557 tcur 2,557 tcur 

0,120 lenght 0,100 lenght 

1,000 t0 0,500 t0 

3.3 Simulated scenarios 

Applying the parameters described above for the Base Scenario (v1.1) and adapting the Procedure Sequence 

for the addition of the AV mode, the maximum speed of 20 km/h was allocated for the alternative scenarios v.1 and 30 

km/h for alternative scenarios v.2. 

The AV (v2.1 / 2.2) scenario is characterized by the removal and total replacement of the CAR transport mode. 

That is, the system works only with the AV and BUS, (with the AV having the same permissions as the CAR mode had 

in the Base scenario), and with the speeds described in each situation (v1 and v2). The scenario (CAR + AV) (v3.1 / 

3.2), is the result of a total sharing of the route between the two modes and the BUS, with the AV mode being able to 

circulate on the via BUS as well. Here, the imposition also applies to the CAR mode of a certain speed limit, equal to 

the AV mode. Finally, in the AV (v4.1 / 4.2) scenario, the AV mode is only allowed to travel on a special path (in parallel 

with the BUS path), not crossing the same path as the CAR mode. 

4. Discussion of results 

It is important to remember that this work did not seek absolute answers, nor could this be possible. The objective 

is to search for trends that indicate the most likely path to follow since it is not possible to state definite assertions.  In 

this sense, this chapter seeks to determine the correspondence between the results obtained in simulation and potential 

consequences in reality, namely in three fields directly related to the study area and the concerns raised in the ZER 

report: traffic congestion, given by the variables of traffic volumes, speed, distance and time resulting from the 

Table 2: Volume Delay e Links 

Links Functions 

F_1; F_2; F_3; F_4; F_1_NoBus BPR (1; 2,27; 1) 

F_1_BUS; F_2_BUS BPR (1; 1; 1) 
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simulation; effects of polluting gases, given the traffic volumes and characteristics of the car fleet in the area; and finally, 

the impact on infrastructure. 

4.1 Transit 

To understand the relationship between results, comparisons were established between the Alternative 

Scenarios and the Base Scenario, for each variable. 

For the variable Vcur, the results are presented in Table 4. 

Table 4: Average Variation of Alternative Scenarios in Comparison to Base Scenario (Vcur) 

  2.1 2.2 3.1 3.2 4.1 4.2 

AV´s 67% 120% 30% 26% -48% -29% 

CAR     28% 23% 62% 117% 

 
The positive trend (the increase of speed in congested traffic) in Scenario 2.1 and 2.2 relative to the use of AV 

is noticeable. For the scenario of traffic mix, both modes have gains in their performance. As for scenario 4.1 and 4.2, 

the AV mode ends up having a significant loss, and the CAR mode has some gains, especially in scenario 4.2 

For the variable Tcur, the results are presented in Table 5. 

Table 5: Average Variation of Alternative Scenarios in Comparison to Base Scenario (Tcur) 

  2.1 2.2 3.1 3.2 4.1 4.2 

AV´s -6% -32% 15% 16% 375% 227% 

CAR     17% 18% 1% -27% 

 

Note the positive performance of the AV mode in Scenarios 2.1 and 2.2, and its loss in Scenarios 4.1 and 4.2. 

For the CAR mode, by contrast, there are substantial gains in Scenario 4.2. Note the negative performance of both 

modes in Scenario 3.1 and 3.2, in mixed traffic. 

For the variables of distance and traffic volumes, it was decided to join both variables, since the outcome is 

similar. In terms of Did, direct distance, and Dist, distance traveled, the simulator considered the same in all scenarios, 

having a variation of 0%. Regarding traffic volumes, in the traffic sharing scenarios (3.1, 3.2, 4.1, 4.2), the simulator 

performed a distribution of 50% of traffic to each mode. The simulator has always considered a universe of 25 000 

vehicles 

4.2 Emissions of polluting gases 

The composition of the fleet in zone 1 of the ZER in Lisbon was well known, as was the regulation defining the 

type of vehicle and the limits on the emission of gaseous pollutants. By stipulating approximately 25 000 vehicles 

(rounded value, considering only light vehicles) the final numbers for the vehicles for each type of cataloging were 

calculated. Taking the vehicle numbers for a comparative study and the emissions for each type, the impact in g/kg was 

calculated for each scenario. Then, a direct comparison was made between the various alternative scenarios and the 

base scenario to perceive the eventual gain (Table 6). 
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Table 6: Emissions (g/kg) and comparative results 

Emissions(g/Kg) BASE scenario Scenario 2 Scenario 3 Scenario 4 

CO2 36908 6250 21579 21579 

HC+Nox 18286 2125 10205 10205 

Particles 2242 63 1152 1152 

Results BASE scenario Scenario 2 Scenario 3 Scenario 4 

CO2 - -83% -42% -42% 

HC+Nox - -88% -49% -44% 

Particles - -97% -49% -49% 

 

The trend is clearly positive, even for a rough calculation, since autonomous cars obviously represent a 

renewal of the car fleet, for vehicles that tend to be more efficient and therefore less polluting. Even in scenario 3 and 

4, where only 25% of electric vehicles and 25% of Euro6 vehicles were considered, the trend is equally optimistic, even 

if more conservative. Once again, it is possible to declare that the autonomous cars can reduce the emission of pollutant 

gases. 

4.3 Infrastructure 

At the level of urban infrastructure and analyzing the case study, let us recall that this is the area of the historical 

center, with limited land occupation and with an orthogonal network defined (Baixa Pombalina). It is possible to detect 

some typical cases, in a scenario that includes autonomous cars in mix traffic: 

• The car as an " Autonomous Taxi" feature - The car will have the ability to pull over and safely, pick up or drop its 

passengers, and then return to the traffic flow, with a new route. That is, it will be necessary to maintain dimensions in 

the lanes that allow a second row unless zones suitable for "park & ride" or "kiss & go" are created. 

• The car with "Valet" capability – With a similar behavior to the previous case, the car after leaving the passenger, will 

have to find a parking place by itself, avoiding loss of time for its user. Subsequently, at the end of a workday, it is 

expected to act as a "taxi", picking up its user again. Once more, the same logic of the previous case, requiring space 

for cars to stop in a second row without affecting a normal traffic, or alternatively, the definition of hop-on and hop-off 

zones. 

• Charging Zone - In a scenario in which electric cars are highlighted, as is already happening in several cities, it will be 

positive to associate parking places with charging points for vehicles. 

• "Red zone" - Especially in the Baixa Pombalina area, the autonomous car would be walking in "dangerous terrain", 

since the road is shared with both human drivers (light vehicles, motorcycles, and motorcycles, cyclists, heavy goods, 

buses), and there is still a considerable presence of pedestrians on the nearby sidewalks. With the number of warning 

signals given by the various moving elements, the car would tend to reduce speed, and may even stop completely, by 

the evident (or future) frames of an eventual accident. One way to avoid this situation would be to implement physical 

barriers between cars and pedestrians, minimizing the alert scale. 

• Zero visibility curves - Although the autonomous car can perform curves with reduced curvature radii, the more 

important thing is its ability to detect the vehicles around the corner or the block. This will require that the navigation 

and communication systems are perfectly functioning, leading to a central physical and digital system that manages this 

information. 
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• Vertical signaling - Again, as in the previous case, vertical signaling would have to be redundant, complemented by a 

central traffic control system to support the navigation and communication with AVs. The orthogonal network and the 

various and specific directions of the Baixa Pombalina area (having its own logic) may be confusing for an autonomous 

car and may result in conflicts with other modes. 

• Pavement - The AVs need the lines on the pavement to be perfectly defined, to make their allocation and correct 

movement in the respective lanes. As such, it would be essential that the condition of the bituminous pavement would 

guarantee conditions and that the maintenance of the horizontal signs would be regular. On the other hand, it will be 

necessary to obtain more information to know if the autonomous cars face some type of adversity moving in non-

bituminous pavement as in the roads of Praça do Rossio. 

At the level of constraints, the following could be analyzed: 

• AV Lane - With the creation of an AV lane, equal to the BUS lane, it would be necessary to duplicate lanes or reduce 

the current ones on the road. As already mentioned, the area is already limited in geometrical terms and it would be 

unacceptable to take away public walking space, limiting or even preventing that way the creation of an AV lane. If it is 

decided that AVs share the BUS lane, problems and conflicts with human drivers may occur, since there is no physical 

barrier, only formal (often not respected by other drivers). 

• "AV Bubble" - In a more radical scenario, zone 1 of the ZER could be completely closed to regular car traffic, except 

for autonomous cars, or cars with a minimum of level 3 autonomy. In the short or medium term, given the importance 

and the number of services, businesses, housing, the enormous movement of people and goods and the sweeping 

renewal of the car fleet by the citizens, this could represent a huge inconvenience to the population, a profound 

economic impact with enormous negative repercussions. In addition to being able to negatively influence consumers 

for a future with AV. 

• Road dimensions - A reduction of geometric dimensions could be considered, since the AVs are able to move more 

accurately, unlike humans where the range of behavior is greater. However, in a mixed traffic scenario, it could lead to 

the conditioning of vehicles with human driver. 

These various cases and scenarios show the current difficulty in implementing autonomous cars in an urban 

environment. While on one hand it is very difficult to change the existing infrastructure to create road sharing conditions, 

it is even more difficult to guarantee levels of safety for the various stakeholders. In the current state of technology, it 

would be a challenge to guarantee operational levels in mixed traffic, without too much caution also becoming a reason 

for congestion. Moreover, there would be a need for strong initial investment in a structure that would take over the 

central traffic management, making possible the navigation and communication of the vehicles in the city. The scenario 

that could allow a greater space for the benefits of AV to stand out would be in an exclusive scenario for its movement, 

which for now is very difficult if not practically impossible. 

5. Conclusion and future developments   

The evolution of autonomous cars is still deeply dependent on and linked to political power and their responsibilities 

as a regulator and as a promoter of collective transportation. It will condition in several measures the development and 

implementation of this technology. Combined with the reduction of individual transport, it is necessary to stay on the 

path towards alternative energies, being the only way possible to decarbonize the society. Looking at the case study 

and the simulation carried out in this work, it is noticeable a tendency for improvements in traffic time (partially) and 

speed (generalized) by the circulation of autonomous cars, especially when in an exclusive traffic of AV. When in mixed 

traffic there is degradation of time in both modes. Despite the initial intention, data on distances traveled and traffic 
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volumes were not determinant. Also, in the case of Lisbon, with its dense and well-defined urban network, it will be 

difficult to implement radical changes in the infrastructure, due to the apparent caution in the use of AV in such a 

conflicting environment. An exclusive scenario for autonomous cars could have negative consequences. On the other 

hand, a mixed traffic scenario would have to result in an initial investment, to provide absolute safety guarantees for the 

use of autonomous cars, especially at the level of navigation, control and communication systems. Finally, despite the 

draft in this study regarding the environmental repercussion of autonomous cars, it is acceptable to consider that even 

with a possible increase in traffic volumes, a reduction of the polluting gases like CO2 will be observed, simply because 

there is a modernization of the car fleet.  
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