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Abstract 

The level of investment in AVs technology has been increasing over the years as both researchers and developers are 

cooperating with the objective of developing AVs and understanding their behaviors and implications. Despite the 

enthusiastic speculation about AVs, little is known about the implications of AVs on our lives and the intertwined 

relationships between the implications. Thus, the main objective of this paper is to reveal the benefits and risks of AVs and 

sketch out the main trends in this area in order to provide some directions and recommendations for the future. This study 

focuses on analyzing the impact of AVs on the required fleet size, vehicle utilization, cost of mobility, public transit service, 

public behavior, transportation network, land use, economy, environment, society, and public health. Furthermore, the 

paper analyzes the intertwined relationship between the implications of AVs. Additionally, the paper sheds light on the 

potential benefits and challenges of the deployment of AVs in developing countries. The analysis shows that while AVs 

offer multiple benefits, they also pose new risks. The degree to which AVs can affect our plant mainly depends on 

regulatory actions, as the broader implications of AVs are mainly dependent on how the technology will be adopted, which 

can be controlled by regulatory actions. 
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1. Introduction 

The idea of vehicle automation has always been a source of interest to researchers in the history of transportation. 

One of the early attempts in the way for vehicle automation was the vehicle-to-vehicle communication system that was 

first proposed and discussed in 1920 [1]. This was followed by the invention of the electromagnetic guidance system 

that is used for vehicle guidance in 1930. In the 70s, the main focus was devoted to the idea of smart highways that were 

based on the magnets added to the vehicles [2]. 1980 was a turning point in the transportation engineering field the first 

autonomous vehicle was invested as a result of the partnership between Mercedes-Benz and the Bundeswehr University 

in Munich [3]. This invention opened the way towards thinking of other aspects and dimensions of AVs, such as the 

legislation adoption, the ethical issues, and the social impacts. Additionally, this invention has motivated a large number 

of companies to invest in autonomous vehicle technology [4]. In general, there are six levels of automation as defined 

by the National Highway and Transportation Safety Administration, starting from level 0, which refers to human-driven 

vehicles or no automation at all, to level 5, which refers to fully self-driving vehicles. In between, levels 1 to 4 refer to 

partial automation as follows: Level 1 refers to the automation of one control function, such as the lane-keeping 

assistance system, Level 2 refers to the automation of two control functions, Level 3 means that the vehicle is able to 

perform most of the driving tasks but human override is still required, and Level 4 refers to full automation but the driver 

is able to override the automation actions [5, 6]. 

                                                           
* Corresponding author: kareem.othman@mail.utoronto.ca 

 
http://dx.doi.org/10.28991/CEJ-SP2021-07-06 

 

© 2021 by the authors. Licensee C.E.J, Tehran, Iran. This article is an open access article distributed under the terms and 
conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

Review Article 

http://www.civilejournal.org/
http://creativecommons.org/
https://orcid.org/0000-0002-5322-0918
https://creativecommons.org/licenses/by/4.0/


Civil Engineering Journal         Vol. 7, Special Issue, 2021 

72 

 

The level of investment in AVs technology has been increasing over the years as both researchers and developers 

are cooperating together with the objective of developing AVs and understanding their behaviors and implications [7]. 

Google was one of the early investors in AVs technology in 2009. The Google self-driving vehicle program was 

announced and targeted for 2020 as the testing year for AVs [8]. This was followed by the Uber-Volvo cooperation 

program that focuses on the development of AVs by 2020 [9]. Similarly, in 2014, Apple announced their own automation 

program, called "Project Titan," that focuses on the development of AVs by 2023 [10]. Additionally, new startup 

companies have been launched with the objective of developing AVs or providing some of the automation services. 

Zoox is a startup company that was launched in 2014 with the objective of developing AVs. The company's market 

value has steadily increased over the years, and in 2018, the value of Zoox reached 3.2 billion dollars [11]. In parallel, 

cities all over the world started testing AVs, and many cities allowed the deployment of AVs on their roads [12, 13]. 

The main objectives of these pilot programs are to understand the behavior of AVs and test the public's attitude towards 

this new technology. Despite the enthusiastic speculation about AVs, little is known about the implications of AVs on 

the environment and society. Thus, the main objective of this paper is to reveal the benefits and risks of AVs and sketch 

out the main trends in this area in order to provide some directions and recommendations for the future. 

The paper is structured as follows: Section 2 presents the methodology used in this study, while section 3 shows the 
main motivation and objectives of this study. Section 4 analyzes the impact of AVs on the different aspects investigated 
in this study. Section 5 discusses the main benefits and challenges of the deployment of AVs in developing countries. 
Finally, section 6 summarizes the main outcomes of this study and provides some recommendations for future research. 

2. Research Methodology 

This paper focuses on reviewing papers that focus on studying the implications of AVs on the transportation network, 

public behavior, land use, environment, society, and public health. The methodology followed consists of five main 

tasks. The first task in the planning tasks and it focuses on identifying the keywords that should be used to find the paper 

and identifying the databases and search engines that will be used to find the papers. The keywords used were: 

“Implications of automated vehicles”, “autonomous vehicles”, “self-driving cars”, “road capacity and automated 

vehicles”, “autonomous vehicles and society”, “autonomous vehicles and economy”, “autonomous vehicles simulation”, 

“agent-based autonomous vehicles”, “autonomous mobility”, and “shared autonomous vehicles”. Additionally, the 

databases and search engines used were: “Scopus”, “Web of Science”, “ScienceDirect”, “Springer”, “IEEE Xplore”, and 

“TRID”. The second task in the methodology was the search tasks and in this task the keywords identified during the 

planning stage were used to search for papers in the databases and search engines identified. The third process is 

identifying the inclusion criteria and this task focuses on setting the criteria that should be followed in order to review 

the papers found during the search process. In this study, only papers and reports in English from 2010 inwards were 

included. The fourth task is the screening process, and this task focuses on screening the papers and during this process 

the abstract, keywords, and conclusion were revised in order to make sure that the paper address one of the topics studied 

in this paper. Finally, the fifth task that focuses on reporting, analyzing, and presenting the review results was carried 

out to reveal the implication of AVs. Figure 1 summarizes the methodology process followed in this study. 

 

Figure 1. Research methodology followed in this study 
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3. Motivation and Research Objectives 

Over the last few years, a large number of researchers devoted their focus to understanding and studying AV in 

different fields, and studying the implications of AVs is not an exception. A large number of simulation studies that 

focus on quantifying the implications of AVs can be found in the literature; however, a holistic view of all these studies 

is still missing. Although some review papers that focus on understanding the implications of AVs can be found in the 

literature as summarized in Table 1, those papers focus on analyzing the implications of AVs on one branch or aspect 

and ignore the impact on the remaining aspects, which might be misleading. The main reason that causes this issue is 

that there are intertwined relationships between the implications of AVs across different branches (see Figure 18), which 

necessitate the need for a holistic review that considers analyzing AVs across different branches. As a result, this paper 

focuses on providing a comprehensive review that holistically studies the implications of AVs across different branches 

and reveals the intertwined relationships between these different branches. Specifically, this paper focuses on studying 

the implications of AVs on the transportation network, public behavior, land use, environment, economy, society, public 

health, and the benefits of deploying AVs in developing countries. This comprehensive review offers the ability to 

understand the implications of AVs on new areas, that were not explored before, such as: the implications of AVs on 

public transit service and the possible competition between AVs and public transit, the potential benefits of AVs in 

developing countries, and the associate challenges, and the benefits of AVs in pandemics and the impact of the current 

pandemic (COVID-19) on the public attitude towards AVs technology. Additionally, the paper summarizes the key 

benefits and risks of AVs and reveals the intertwined relationships between the implications of AVs. 

Table 1. Selected AVs review papers and their scope 

Study Scope 

Narayanan et al. (2020) [104] Implications of shared AVs on multiple branches 

Kopelias et al. (2019) [105] Environmental impact of AVs 

Spence et al. (2020) [106] Implications of AVs on the public behaviour 

Sohrabi et al. (2020) [107] Implication of AVs on the Public Health 

Hao and Yamamoto (2018) [108] Implications of shared AVs on the public behaviour 

Gandia et al. (2019) [109] Scientometric and bibliometric review of AVs 

Peng et al. (2020) [110] Scientometric and bibliometric review of AVs 

Faisal et al. (2019) [111] Implications of AVs on the landscape 

Rojas-Rueda et al. (2020) [60] Implications of AVs on the public health 

Sun et a. (2017) [112] Implications of AVs on the travel behaviour and the current business models 

In general, it is commonly known that the human factor contributes to a large portion of the accidents, and it is 

estimated that around 90% of the accidents occur as a result of the human error [14, 15]. Thus, as AVs can eliminate the 

human behavior from the driving task, it is expected that AVs can significantly improve traffic safety. However, the 

implications of AVs on the environment, society, land use, and public health are yet to be studied. As a result, the next 

sections will go into the detailed implications of AVs and the expected outcomes from the deployment of AVs. 

4. Implications of AVs 

4.1. Impact on the Required Fleet Size to Serve the Demand 

The deployment of AVs will be associated with many changes. One of the major impacts of AVs is the impact of 

AVs on the required fleet size to serve the demand and the associated changes in the vehicle utilization. In general, it is 

expected that AVs can reduce the required fleet size to serve the same demand and this reduction will be associated with 

an increase in the vehicle utilization. Figure 2 summarizes the results of previous simulation models that show the impact 

of AVs on the required fleet size. The figure shows the methodology, simulation area, and results of these studies in an 

ascending order. The simulation studies show that AVs can replace more than 10 conventional vehicles when used as a 

shared mode as shown in the first five studies [17-21] in the Figure 2. This reduction in the fleet size will be associated 

with a significant increase in the vehicle utilization from 5% [16] to up to 75 [17]. However, the adoption of AVs as a 

private mode shows much lower impact on the fleet size as shown in Moreno, Michalski, et al. (2018) [22] study who 

built their simulation model based on the results of a stated preference survey that shows that 24% of the respondents 

are willing to share their trips in AVs. Similarly, the study by Zhang et al. (2018) [23] shows a minor impact on the fleet 

size as the simulation model used in this study was based on the assumption that AVs will only be shared between the 

same household members. 
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Figure 2. Summary of the simulation studies showing the changes in the required fleet sizes to serve the demand 

As a result, it can be concluded that AVs have the potential to reduce the fleet size and this reduction mainly depends 

on the mode of the adoption of AVs. However, the major benefits can be achieved when shared AVs are used as the 

case of shared AVs will be associated with lower fleet size and higher vehicle utilization, which is beneficial to the 

society as it allows for the adoption of newer and greener technologies. Regulatory action is the major factor that can 

affect the impact of AVs on the vehicle ownership. For example, cities might take actions that allow only shared AVs 

to operate on the streets. Currently, multiple cities around the world allowed for testing autonomous shuttles only on 

their streets such as: Texas, Wageningen, Helsinki, Paris, Shenzhen, Sion and Edmonton in the USA, Netherlands, 

Finland, France, China, Switzerland, and Canada. The deployment of AVs as a shared mode of transportation achieves 

the maximum desirable benefits of autonomous vehicles. A real-life example for the potential impacts of AVs on the 

fleet size is the Singaporean scenario. In general, Singapore is considered the leading city in the adoption of AVs. The 

city allowed for the testing and deployment of different modes (buses and cars) of AVs since 2015 that more than 10 

companies are testing and operating their vehicles on the streets of Singapore. In 2018, the vehicle ownership has 

reduced by 15% (in three years) as a result of the adoption of this new technology [24]. 

4.2. Impact on Trip Costs, Waiting Time, and Possible Competition with Public Transit 

As shown above, AVs have the potential to serve the same population with much lower fleet size. Thus, the 

implications of AVs on the trip costs and passenger waiting times should be analyzed. In general, passenger waiting 

time is a critical factor that affects the passengers’ satisfaction of the service provided as people perceive their waiting 

time much longer than the in-vehicle travel time [25]. Multiple studies in the literature focus on understanding how 

people perceive their waiting time in the form of waiting time to in-vehicle time ratios. Starting with one of the early 

studies by Horowitz (1981) [26] who found that this ratio is 1.9 which means that 1 minute waiting is equivalent to 1.9 

minutes of in-vehicle time. Then, in 2004, Wardman (2004) [27] found that this ratio can go up to 2.5. This was followed 

by Abrantes and Wardman (2011) study that shows that this ratio is 1.4 [28]. Thus, it can be concluded that the waiting 

time is a critical factor that has a significant influence on the commuters’ satisfaction and on their selection of the 

traveling mode. Currently, it is estimated that the average waiting time in the USA and Canada is 40 minutes [29, 30] 

and 20 minutes [31] consecutively. Thus, any reduction in this waiting time will attract the commuters especially if this 

reduction is associated with a reduction in the average trip cost. Multiple studies in the literature investigate and quantify 

the average trip cost and waiting time for shared AVs in different cities across the world as summarized in Figure 3. The 

figure clearly shows that AVs have the potential to provide a low waiting time with low trip costs across the different 

simulation studies conducted in different cities. This reduction in the trip cost besides with the reduction in the waiting 

time is significantly lower than the trip cost and waiting time of public transit service across different countries as 

summarized in Table 2. The table shows the average trip costs and waiting times of both AVs and public transit, and the 

savings achieved with the deployment of AVs. Thus, it is expected that AVs can attract the commuters of public transit 

and in this case AVs will be a strong competitor to public transit service. As a result, it is expected that public transit 

might incur significant losses in the era of AVs and in the extreme case AVs might fully replace public transit and public 

transit agencies must be aware of the upcoming disruption. 
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Figure 3. Summary of the simulation studies showing the expected trip cost and travel times of shared AVs 

Table 2. Comparison between the expected waiting time and trip costs for AVs and the actual trips costs and travel time of 

public transit across different cities 

Study City 

AVs Transit Savings 

Waiting 

time (min) 
Cost ($) 

Waiting time 

(min) 
Cost ($) 

Waiting time 

(min) 
Cost ($) 

Burns et al. (2012) [17] 

Ann Arbor 2 2$ per day 40 [29, 30] 
3$ per trip 

[116] 
38 

4$ (assuming 

two daily trips 

per person) 

Babcock Ranch 1 0.8 - - - - 

Manhattan 1 1 13 [117] 2.75 [119] 12 1.75 

International transport forum 
(2015) [16] 

Lisbon 3.7 - 14 [118] 3.6 [119] 10.3 - 

Zhang et al. (2015) [19] City of Atlanta 0.12 - 40 [29, 30] - 39.88 - 

Azevedo et al. (2015) [32] Singapore 3 - 8 [118] - 5 - 

Bischoff and Maciejewski 

(2016) [20] 
Berlin 2.5 - 10 [118] 5.8 [119] 7.5 - 

Hörl et al. (2016) [33] City of Sioux Falls 5 - 40 [29, 30] - 35 - 

Moreno et al. (2018) [22] 
The greater Munich 

metropolitan area 
5 - 9 [118] 5.8 [119] 4 - 

4.3. Associated Changes in the Public Behavior 

One of the main benefits that is frequently mentioned in the literature is the ability of the commuters of doing 

productive activities during tier trips and thus the trip time cannot be considered as an economic loss anymore [34]. 

While AVs can reduce the operating fleet size (which might reduce traffic congestion) as summarized in section 4.1, 

AVs might motivate people to make additional trips and travel further which worsens traffic conditions [35-37]. As a 

result, it is expected that AVs will increase the VKT, emissions [36], and energy consumption in the form of fuel for 

diesel engine vehicles [38]. As a result, multiple studies in the literature focus on quantifying the impact of AVs on the 

VKT, and these studies are summarized in Figure 4. The studies clearly show that AVs have the potential to increase 

the VKT; however, this increase changes significantly across the studies because every study has a unique operating 

strategy. Thus, it can be concluded that AVs will increase the VKT, but this increase mainly depends on the operating 

strategy adopted in the future. Additionally, it must be mentioned that all studies analyzed in this study and summarized 

in Figure 4 show that AVs will increase the VKT as a result of the adopted operating strategy and these studies do not 

take into consideration the expected induced demand or the expected increase in the trip length. This increase in the 

VKT besides with the expected increase in the VKT as a result of attracting transit users [37] (as mentioned in section 

4.2) are expected to worsen the traffic conditions, significantly increase the VKT (even more than the increases shown 

in previous studies in Figure 4), emissions, and energy consumption. Thus, AVs might not be able to solve the congestion 

problem. In the contrast, AVs might worsen traffic conditions [39], increase the VKT, emissions, energy, and in turn 

destroy the environment. In this case, regulator action plays a major role to restrict these negative impacts of AVs on 

the environment by controlling the changes in the public behavior in the era of AVs. For example, AVs might be allowed 

only to support public transit service as a first mile-last mile solution. 
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Figure 4. Summary of the simulation studies showing the expected changes in the VKT 

4.4. Implications of AVs on Capacities of Roads and Intersections 

One of the main benefits of AVs is the high level of communication between the vehicles that makes it possible for 

the vehicle to travel in platoons with small a separating distance between the vehicles (distance ahead). This 

communication allows the vehicles to travel closer to each other or, in other words, AVs reduce the required lane width 

[40, 41] and increase the capacity of the transportation network. Figure 5 summarizes the results of previous studies that 

simulated AVs and shows the impact of AVs on both the intersection and road capacity. It can be clearly stated that AVs 

have the potential to significantly increase the transportation network. However, the main issue is that this capacity 

increase cannot be achieved until a high level of AVs penetration is achieved [37] because the human factor will always 

be the dominant factor that controls the traffic flow operations for safety reasons. 

 

Figure 5. Summary of the results of previous studies analyzing the impact of AVs on the capacities of roads and 

intersections 

4.5. Impact on the Parking Demand and Parking Lots 

It is expected that the influence of AVs will go beyond just changing the streets and can be extended into changing 

the neighborhoods, and the structure of cities. For example, AVs have the potential to significantly reduce the parking 

demand to serve the same population as summarized in Figure 6. Previous studies in the literature show that AVs will 

be associated with 80% to 90% reduction in the parking demand regardless of the location of deployment of AVs as 

shown in multiple cities in the USA, and in Lisbon, Portugal. This reduction in the parking demand can be translated 

into a dramatic reduction in the required parking spaces that free up new spaces for new development, which will be 

highly beneficial especially in CBD areas. It is estimated that utilizing the freed-up parking lots for other developments 

will increase the value of the land use. For example, the value of land use can increase by 5% when the parking lots are 

used in the real estate industry [38]. Similarly, it is expected that AVs will not rely on on-street parking as the vehicles 

will travel to the nearest parking lot after the completion of the trip, which in turn increases the available capacity in the 

streets for the running traffic. Moreover, the reduction in the parking demand will be associated with changes in the 

design of houses s the end house parking area will not be required and can be utilized for other activities. Additionally, 

it is expected that AVs will change the guidelines for the required dimensions for every parking space for every vehicle. 
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In general, the required parking dimension will be reduced and increase the capacity of parking lots by 20% or more. 

Additionally, AVs will change the current parking strategy as vehicles will be able to block each other. The blocking 

strategy besides with the reduction in the parking dimensions means that AVs can significantly increase the capacities 

of parking lots to 2.5 of the capacity in the case of traditional vehicles [42, 43]. Additionally, the reduction in the parking 

demand will develop a more environmentally friendly transportation system as this can reduce the congestion and energy 

consumed in the process of searching for a parking lot [37, 44]. 

 

Figure 6. Summary of the simulation studies showing the changes in the parking demand and the required parking spaces 

4.6. Implications of AVs on the Environment 

In general, transportation is considered the main source of pollution across different countries. For example, the 

share of transportation emissions is 29% and 25% of the total greenhouse gas emissions in the USA and Canada [45, 

46]. Out of this 25%, it is estimated that around 72% of the total emissions come from road transport and 44% of this 

72% comes from cars or the running vehicles on the streets [47]. Thus, it is crucial to search for a sustainable 

transportation system that and some of the previous environmental studies show that AVs have the potential to reduce 

the emissions consumed from the transportation system as summarized in Figure 7. AVs have the potential to reduce 

the energy consumed and transportation emissions because of multiple factors such as the platooning that allows from 

saving 15-20% of the energy consumed [14, 35, 38], and the smooth driving that allows for 15% reduction in the 

transportation emissions and fuel consumptions. Finally, AVs open the way towards the application of the optimal traffic 

assignment of AVs, which focuses on reducing the vehicle total travel time across the entire network and thus saves 

more fuel and reduces the produced traffic emissions. 

 

Figure 7. Summary of the simulation studies showing the impacts of AVs on the emissions and fuel consumption 
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4.7. Implications of AVs on the Economy 

The implications of AVs are expected to influence different aspects of the economic system and business companies 

that are unable to adapt to this change will incur significant losses. In general, it is expected that the economic value of 

AVs will be huge and increase over time while opening new business opportunities and professions. Figure 8 

summarizes the results of previous studies that analyzed the impact of AVs on the economic systems. In general, the 

economic value of AVs comes from their ability to reduce the human error and improve traffic safety by 90%, the 

increase in the land use value as parking lots can be used for other developments, and the new business opportunities 

created. 

 

Figure 8. Summary of the results of previous studies analyzing the impact of AVs on economies 

4.8. Impacts on the Equity 

While AVs have the potential to improve equity, AVs might pose new equity concerns. Figure 9 summarizes the 

impact of AVs on equity. For example, AVs can improve the accessibility for people with limited transportation modes, 

AVs might replace the truck drivers and add new concerns for people with lower educational levels. A detailed 

discussion on the equity impacts of AVs is shown in Figure 9. 

 

Figure 9. Summary of the implications of AVs on the equity 

4.9. Impacts of AVs on the Public Health 

In general, AVs technology can be considered as a double aged weapon. While AVs have the potential to improve 

the public health and save lives as a result of the reduction in the collision rate, AVs might pose new risks to the public 

health such as increasing the levels of pollution and sedentarism. The extent to which AVs might be beneficial or harmful 

mainly depends on how AVs will be adopted in the future. For example, the adoption of diesel engine AVs will be 

different from the adoption of electric AVs. As a result, Figure 10 shows a detailed discussion of the impact of AVs on 

the public health with focus on the following branches: impact on the physical activities, air pollution, noise, stress, 

substance abuse, and the level of exposure to electromagnetic fields. 
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Figure 10. Summary of the impacts of AVs on the public health system 

4.10. Potential Benefits of AVs during Pandemics 

The current pandemic forced people to change their lifestyle and adapt to new conditions. While COVID-19 have 

forced most of the pilot studies of AVs across the world to be halted, it is generally expected that this pandemic might 

be a turning point that intensifies the effort towards the development of AVs because AVs have proven their value 

during the current COVID-19 pandemic [73, 74]. The expected benefits of AVs during pandemics are summarized in 

Figure 11 and it can be seen that AVs have been used in multiple countries for the delivery process to reduce the contact 

between the public and control the spread of the virus. As a result, it can be concluded that AV technology is a major 

tool that can be used to fight pandemics in the future. 

5. The potential Benefits and Possible Challenges of AVs in Developing Countries 

The entire discussion till the moment focuses on developed countries and the implications of AVs in developed 

countries. This section sheds more light on the potential benefits and expected challenges of AV in developing countries. 

In general, rare studies focuses on studying AVs in developing countries and the main focus of these studies is analyzing 

the public attitude towards AVs. However, the expected benefits or the challenges of AVs in developing countries are 

yet to be addressed. As a result, this section analyzes the public attitude towards AVs and sheds light on the possible 

benefits and challenges for AVs in developing countries. 

5.1. International Surveys (Developing Countries vs. Developed Countries) 

One of the key studies that internationally analyzed the public attitude towards AVs is the study by Kyriakidis et al. 

(2015) [79] that utilized an internet-based survey to collect 5000 responses from 109 countries across the globe. The 

result of the survey shows that people from developing countries are more optimistic towards AVs. On the other hand, 

respondents from developed countries highlighted that the main concern that pushes them from adopting AVs is data 

transmission. Figure 12 shows the relation between the levels of comfort in data transmission across the different 

countries with different GDP levels. The main factor that creates this difference in the level of comfort in data 

transmission is the perceived level of threat, which is much high in developed countries as these countries have more 

sophisticated computer infrastructure and witnessed multiple data misuse cases for some of the widely known companies 
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such as Google cases [80, 81] and Facebook cases [82, 83]. In the contrast, traffic safety is the main concern in developing 

countries and it is expected that traffic fatalities will be the fifth reason for death by 2030 [84]. Thus, it is expected that 

people from developing countries are more concerned with the basic needs which are represented as the need for safety, 

according to Maslow's hierarchy of needs [85]. This need makes data transmission a lower concerning issue and increases 

the level of comfort with data transmission in developing countries. 

 

Figure 11. Summary of the benefits of AVs during pandemics 

 

Figure 12. Relationship between the levels of comfort in data transmission across different countries with different GDP levels 

Similarly, the study by Bazilinskyy et al. (2015) [86] confirmed the results presented in the study by Kyriakidis, et 

al. (2015) [79]. The study by Bazilinskyy et al. (2015) [86] focuses on understanding the level of acceptance of AVs 

across different countries based on an internet-based survey that managed to collect the responses of around 9000 

respondents from 112 countries. The analysis conducted in this study was based on categorizing the GDPs into three 

GDP levels (high, medium, and low) as shown in Figure 13. The figure clearly shows that most of the respondents from 

high GDP countries prefer manual driving than people from medium and low GDP levels as 68%, 48%, and 34% of the 

respondents from high, medium, and low GDP levels prefer manual driving.  
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Figure 13. Public attitude towards AVs across different countries with different GDP levels 

Additionally, the study by Moody et al. (2019) is considered the most recent international survey with the largest 

sample size. Around 40,000 respondents from 51 countries completed this survey. The results of this survey are 

consistent with the results of the previous two international surveys discussed above. The results show that although 

respondents from developed countries are more familiar with AVs technology, they are less optimistic towards AV s 

adoption [87] as shown in Figure 14. Additionally, the results of these three surveys are consistent with the results of 

other recent studies, such as Shafique et al. (2021) survey study [88], and Escandon-Barbosa et al. (2021) survey [89], 

that focus on analyzing the public attitude towards AVs in developing counties. 

5.2. Motivation for the Deployment of AVs in Developing Countries 

It is commonly known that the level of fatal accidents is much higher in developing countries than in developed 

countries. It is estimated that by 2030 fatal traffic collisions will be the fifth source of deaths in developing countries 

[84]. In general, the human factor is the main source that causes most of the traffic accidents and the impact of this factor 

increases or becomes more severe in developing countries [90]. Thus, the elimination of the human factor in AVs will 

save the lives of many people, especially in developing countries. Additionally, the above discussion in section 4 shows 

that AVs have the potential to reduce the required fleet size, reduce emissions, and pollution, which offer a healthier 

quality of life for people in developing countries. As a result, it can be concluded that the implication of AVs will be 

greater in developing countries than in developed countries. Additionally, besides this significant potential for AVs in 

developing countries, the level of acceptance of AVs is much higher in developing countries than in developed countries, 

which makes developing countries a suitable environment for the early adoption of AVs. However, AVs might face a 

large number of issues in developing countries starting from poor infrastructure that might represent a major obstacle in 

the adoption of AVs. The next subsection will shed light on the infrastructure challenges that will face AVs in developing 

countries. 

5.3. Infrastructure Barriers for the Safe Navigation of AVs in Developing Countries 

While the level of acceptance of AVs is high in AVs, the infrastructure will be challenging for AVs to safely navigate 

and operate on the streets of developing countries. The main issue that will face AVs are the poor signage and marking 

systems, traffic management in the case of traffic incidence, parking management, securing safe harbor areas, and traffic 

heterogeneity. Figure 15 shows a detailed discussion on these main barriers and their implications on the behavior of 

AVs. 
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Figure 14. Summarization of (a) the level of awareness and (b) public attitude towards AVs across different countries with 

different GDP levels 



Civil Engineering Journal         Vol. 7, Special Issue, 2021 

83 

 

 

Figure 15. Detailed analysis of the main challenges for the safe navigation of AVs in developing countries 
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(a) Homogenous Traffic at an intersection 

 

(b) Heterogeneous traffic at an intersection 

Figure 16. Two main traffic patterns (a) Homogenous and (b) Heterogeneous 

6. Conclusions and Recommendations for Future Research 

Vehicle automation has always attracted researchers, starting from the invention of the vehicle communication 

system in the 20s to the invention of the AV in the 80s. Over the last few years, significant efforts have been made by 

both researchers and developers with the objective of developing AVs. Despite the enthusiastic speculation about AVs, 
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little is known about the implications of AVs on the environment and society. Thus, this paper reviews previous studies 

in the area of AVs with the objective of revealing the benefits and risks of AVs and sketching out the main trends in this 

area to provide some directions and recommendations for the future. The analysis shows that while AVs offer multiple 

benefits, they also pose new risks, as summarized in Figure 17. Additionally, Figure 18 shows a map of the intertwined 

relations between the implications of AVs. The main outcomes of this paper can be summarized as follows: 

 AVs can serve the same population with a much smaller fleet size, which will increase the vehicle utilization factor. 

 For the case of shared AVs, the mobility costs or the trip costs will be significantly low and with low waiting time, 

which might attract public transit users. Thus, transit agencies will suffer in the era of AVs, and they should get 

ready for this disruption.  

 In the era of AVs, trip time will not be considered an economic loss anymore as commuters will be able to benefit 

from this time in productive activities. 

 AVs have the potential to increase the capacity of parking lots and reduce the parking demand by 80 to 90%. The 

combined effects of these two factors will free up parking spaces that can be used for other developments and 

increase the value of the land use. 

 AVs will allow vehicles to travel in platoons, reducing the number of engine starts and reducing the sharp driving 

behavior, which reduces the energy consumed and emissions produced. 

 AVs will have a significant impact on the economies and these impacts will go beyond just the reduction in the 

number of accidents or traffic-related impacts. For example, AVs will open up new business opportunities in a 

variety of fields such as: decision making, artificial intelligence, and data analytics. On the other hand, AVs might 

replace truck drivers and reduce the opportunities for hiring thousands of drivers.  

 AVs increase accessibility for the aged and disabled. However, it must be mentioned that while it is assumed that 

the aged will be the early adopters of AVs technology, surveys show that the aged are the most pessimistic category 

towards AVs [113-115]. Thus, there is a contradiction between the two theories that needs deep analysis and further 

research to understand. Similarly, while it is assumed that the disabled will be among the early adopters of AVs, 

little is known about this category. Thus, further research studies are needed to understand the attitude of the 

disabled towards AVs technology. 

 The impact of AVs on public health is unclear as it depends on multiple factors, such as the type of engine used 

for AVs (diesel, electric) and the mode of adoption (shared, shuttles, private). However, the analysis shows that 

while AVs pose some risks, such as the increase in the level of pollution and the reduction of daily physical activity, 

AVs will also offer some benefits, such as a reduction in stress and noise. 

 During pandemics, AVs can be safely used for delivery purposes, and transport people to their essential activities 

while maintaining isolation and sterilization to control the spread of the infection or virus. 

 While traffic safety is a major issue in developing countries, AVs can save a large number of lives because of the 

elimination of human error, which is the major cause of accidents. Thus, the benefits of AVs in developing 

countries might be greater in developing countries than in developed countries. However, the implications of AVs 

for developing countries have yet to be tackled. For example, no simulation study can be found in the literature for 

analyzing the expected implications of AVs in developing countries. Thus, further research studies are required to 

quantify the impacts of AVs on developing countries. On the other hand, AVs face multiple challenges that need 

to be addressed before the deployment of AVs, such as: poor signage and marking systems, traffic management in 

the case of traffic incidence, parking management, securing safe harbor areas, and traffic heterogeneity. 

 Regulatory action is the main factor that determines to what extent AVs can affect our lives and our plants, as the 

broader implications of AVs mainly demand how the technology will be adopted, which can be controlled by 

regulatory actions. 
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Figure 17. Summary of the implications of AVs on the different aspects (green color= benefit, red= risk, orange= risks and benefits) 
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Figure 18. Mapping the intertwined relation between the implications of AVs (green= benefit, red= risk, orange= uncertain change) 



Civil Engineering Journal         Vol. 7, Special Issue, 2021 

88 

 

 

7. Declarations  

7.1. Data Availability Statement 

The data presented in this study are available in article. 

7.2. Funding 

The authors received no financial support for the research, authorship, and/or publication of this article. 

7.3. Conflicts of Interest 

The authors declare no conflict of interest. 

8. References  

[1] The Milwaukee Sentinel. (1926). In “Phantom Auto” Will Tour City. Wisconsin, United States. 

[2] The Victoria Advocate. (1957). Power companies build for your new electric living. Olde Time Mercantile, Arkansas, United 

States. 

[3] Davidson, P., & Spinoulas, A. (2015). Autonomous vehicles: what could this mean for the future of transport. In Australian 

Institute of Traffic Planning and Management (AITPM) National Conference, Queensland, Australia. 

[4] Berrada, J., & Leurent, F. (2017). Modeling Transportation Systems involving Autonomous Vehicles: A State of the Art. 

Transportation Research Procedia, 27, 215–221. doi:10.1016/j.trpro.2017.12.077. 

[5] Greenblatt, J. B., & Shaheen, S. (2015). Automated Vehicles, On-Demand Mobility, and Environmental Impacts. Current 

Sustainable/Renewable Energy Reports, 2(3), 74–81. doi:10.1007/s40518-015-0038-5. 

[6] Othman, K. (2021). Public acceptance and perception of autonomous vehicles: a comprehensive review. AI and Ethics, 1(3), 355–

387. doi:10.1007/s43681-021-00041-8. 

[7] Mallozzi, P., Pelliccione, P., Knauss, A., Berger, C., & Mohammadiha, N. (2019). Autonomous Vehicles: State of the Art, Future 

Trends, and Challenges. In Automotive Systems and Software Engineering, 347–367. doi:10.1007/978-3-030-12157-0_16. 

[8] Hartmans, A. (2016). How Google’s self-driving car project rose from a crazy idea to a top contender in the race toward a 

driverless future. In Business Insider. Available online: https://www.businessinsider.com/google-driverless-car-history-photos-

2016-10 (accessed on December 2021). 

[9] O’Kane, S. (2019). Uber debuts a new self-driving car with more fail-safes. The Verge. Available online: 

https://www.theverge.com/2019/6/12/18662626/uber-volvo-self-driving-car-safety-autonomous-factory-level (accessed on 

January 2022). 

[10] Staff M. (2019). Apple's vehicle project, focused on building an autonomous driving system. Available online: 

https://www.macrumors.com/roundup/apple-car/#release_date (accessed on December 2021). 

[11] Taylo, T. (2018). Top 8 self-driving startups to watch in 2018 and 2019. Available online: http://techgenix.com/self-driving-

startups/ (accessed on January 2021). 

[12] National Conference of State Legislatures. (2020). Autonomous Vehicles | Self-Driving Vehicles Enacted Legislation. Available 

online: https://www.ncsl.org/research/transportation/autonomous-vehicles-self-driving-vehicles-enacted-legislation.aspx (accessed on 

December 2021). 

[13] Laukkonen, J. (2021). Are Self-Driving Cars Legal in Your State? In Lifewire. Available online: https://www.lifewire.com/are-

self-driving-cars-legal-4587765 (accessed on November 2021). 

[14] Montgomery, W. D., Mudge, R., Groshen, E. L., Helper, S., MacDuffie, J. P., & Carson, C. (2018). America’s Workforce and 

the Self-Driving Future: Realizing Productivity Gains and Spurring Economic Growth. Securing America’s Future Energy, 

Washington, D.C., United States. 

[15] Leech, J., Whelan, G., Bhaiji, M., Hawes, M., & Scharring, K. (2015). Connected and autonomous vehicles-the UK economic 

opportunity. KPMG. Available online: https://www.smmt.co.uk/wp-content/uploads/sites/2/CRT036586F-Connected-and-

Autonomous-Vehicles-%E2%80%93-The-UK-Economic-Opportu...1.pdf (accessed on January 2021). 

[16] OECD. (2015). Urban Mobility System Upgrade: How shared self-driving cars could change city traffic. In Corporate 

Partnership Board Report. Available online: http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf 

(accessed on December 2021). 

[17] Burns, L., Jordan, W., & Scarborough, B. (2012). Transforming personal mobility. The Earth Institute - Columbia University, 

New York, United States. Available online: http://wordpress.ei.columbia.edu/mobility/files/2012/12/Transforming-Personal-

Mobility-Aug-10-2012.pdf (accessed on December 2021). 

https://www.amazon.co.uk/s/ref=bl_dp_s_web_0?ie=UTF8&search-type=ss&index=kitchen-uk&field-keywords=Olde+Time+Mercantile
https://www.theverge.com/2019/6/12/18662626/uber-volvo-self-driving-car-safety-autonomous-factory-level


Civil Engineering Journal         Vol. 7, Special Issue, 2021 

89 

 

 

[18] Fagnant, D. J., & Kockelman, K. M. (2014). The travel and environmental implications of shared autonomous vehicles, using 

agent-based model scenarios. Transportation Research Part C: Emerging Technologies, 40, 1–13. doi:10.1016/j.trc.2013.12.001. 

[19] Zhang, W., Guhathakurta, S., Fang, J., & Zhang, G. (2015). Exploring the impact of shared autonomous vehicles on urban 

parking demand: An agent-based simulation approach. Sustainable Cities and Society, 19, 34–45. doi:10.1016/j.scs.2015.07.006. 

[20] Bischoff, J., & Maciejewski, M. (2016). Simulation of City-wide Replacement of Private Cars with Autonomous Taxis in Berlin. 

Procedia Computer Science, 83, 237–244. doi:10.1016/j.procs.2016.04.121. 

[21] Abdelgawad, H., & Othman, K. (2020). Multifaceted Synthesis of Autonomous Vehicles’ Emerging Landscape. Connected and 

Autonomous Vehicles in Smart Cities, 67–113. doi:10.1201/9780429329401-3. 

[22] Moreno, A. T., Michalski, A., Llorca, C., & Moeckel, R. (2018). Shared Autonomous Vehicles Effect on Vehicle-Km Traveled 

and Average Trip Duration. Journal of Advanced Transportation, 2018, 1–10. doi:10.1155/2018/8969353. 

[23] Zhang, W., Guhathakurta, S., & Khalil, E. B. (2018). The impact of private autonomous vehicles on vehicle ownership and 

unoccupied VMT generation. Transportation Research Part C: Emerging Technologies, 90, 156–165. 

doi:10.1016/j.trc.2018.03.005. 

[24] Atelier Parisien D’Urbanisme. (2018). Impacts and Potential Benefits of Autonomous Vehicles. Available online: 

https://www.apur.org/sites/default/files/documents/publication/etudes/impacts_potential_benefits_autonomous_vehicles.pdf 

(accessed on January 2022). 

[25] Fan, Y., Guthrie, A., & Levinson, D. (2016). Waiting time perceptions at transit stops and stations: Effects of basic amenities, 

gender, and security. Transportation Research Part A: Policy and Practice, 88, 251–264. doi:10.1016/j.tra.2016.04.012. 

[26] Horowitz, A. J. (1981). Subjective value of time in bus transit travel. Transportation, 10(2), 149–164. doi:10.1007/BF00165263. 

[27] Wardman, M. (2004). Public transport values of time. Transport Policy, 11(4), 363–377. doi:10.1016/j.tranpol.2004.05.001. 

[28] Abrantes, P. A. L., & Wardman, M. R. (2011). Meta-analysis of UK values of travel time: An update. Transportation Research 

Part A: Policy and Practice, 45(1), 1–17. doi:10.1016/j.tra.2010.08.003. 

[29] Metro Magazine. (2014) U.S. commuters wait approximately 40 mins. a day for public transit. Available online: 

https://www.metro-magazine.com/accessibility/news/292870/u-s-commuters-wait-approximately-40-mins-a-day-for-public-

transit (accessed on December 2021). 

[30] Global News Wire (2014). SURVEY: U.S. Commuters Wait Approximately 40 Minutes per Day for Public Transit, Costing 

Them 150 Hours per Year. Available online: https://bit.ly/3J4g6TO (accessed on December 2021). 

[31] Lamont J. (2019). Moovit’s 2019 transit report shows long commutes in Canadian cities. MobileSyrup. Available online: 

https://mobilesyrup.com/2020/01/15/moovit-2019-transit-report-canadian-cities-commute-statistics/ (accessed on November 

2021).  

[32] Azevedo, C. L., Marczuk, K., Raveau, S., Soh, H., Adnan, M., Basak, K., ... & Ben-Akiva, M. (2016). Microsimulation of 

demand and supply of autonomous mobility on demand. Transportation Research Record, 2564(1), 21-30. doi:100.3141/2564-

03. 

[33] Hörl, S., Erath, A., & Axhausen, K. W. (2016). Simulation of autonomous taxis in a multi-modal traffic scenario with dynamic 

demand. Arbeitsberichte Verkehrs-und Raumplanung (Institute for Transport Planning and Systems), 1184, Czech. 

[34] The Polis Traffic Efficiency and Mobility Working Group. (2018). Road Vehicle Automation and Cities and Regions. Available 

online: https://www.polisnetwork.eu/wp-content/uploads/2019/06/polis_discussion_paper_automated_vehicles.pdf (accessed 

on December 2021). 

[35] Barth, M., Boriboonsomsin, K., & Wu, G. (2014). Vehicle Automation and Its Potential Impacts on Energy and Emissions 103–

112. doi:10.1007/978-3-319-05990-7_10. 

[36] Miller, S. A., & Heard, B. R. (2016). The Environmental Impact of Autonomous Vehicles Depends on Adoption Patterns. 

Environmental Science and Technology, 50(12), 6119–6121. doi:10.1021/acs.est.6b02490. 

[37] Metz, D. (2018). Developing Policy for Urban Autonomous Vehicles: Impact on Congestion. Urban Science, 2(2), 33. 

doi:10.3390/urbansci2020033. 

[38] Clements, L. M., & Kockelman, K. M. (2017). Economic effects of automated vehicles. Transportation Research Record, 

2606(1), 106–114. doi:10.3141/2606-14. 

[39] Zhang, W., & Guhathakurta, S. (2017). Parking spaces in the age of shared autonomous vehicles: How much parking will we 

need and where? Transportation Research Record, 2651(1), 80–91. doi:10.3141/2651-09. 

[40] Friedrich, B. (2016). The effect of autonomous vehicles on traffic. Autonomous Driving: Technical, Legal and Social Aspects, 

317–334. doi:10.1007/978-3-662-48847-8_16. 

https://www.apur.org/sites/default/files/documents/publication/etudes/impacts_potential_benefits_autonomous_vehicles.pdf
https://doi.org/10.3141/2564-03
https://doi.org/10.3141/2564-03


Civil Engineering Journal         Vol. 7, Special Issue, 2021 

90 

 

 

[41] Wagner, P. (2016). Traffic control and traffic management in a transportation system with autonomous vehicles. Autonomous 

Driving: Technical, Legal and Social Aspects, 301–316. doi:10.1007/978-3-662-48847-8_15. 

[42] Securing America’s Future Energy (SAFE). (2018). The Economic and Social Value of Autonomous Vehicles: Implications 

from Past Network-Scale Investments Prepared for: In Compass, Transportation and Technology, Inc. Available online: 

https://avworkforce.secureenergy.org/wp-content/uploads/2018/06/Compass-Transportation-Report-June-2018.pdf (accessed 

on January 2022). 

[43] Catapult Transport Systems. (2017). Future Proofing Infrastructure for Connected and Automated Vehicles, Technical Report, 

Milton Keynes, UK. 

[44] Brown, A., Gonder, J., & Repac, B. (2014). An Analysis of Possible Energy Impacts of Automated Vehicles. Lecture Notes in 

Mobility, 137–153. doi:10.1007/978-3-319-05990-7_13. 

[45] United States Environmental Protection Agency. (2020). Sources of Greenhouse Gas Emissions” Available online: 

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions (accessed on December 2021). 

[46] Development Engineering and Infrastructure Planning. (2019). Sustainable Transportation. Available online: 

https://www.vaughan.ca/projects/projects_and_studies/sustainable_transportation/Pages/default.aspx (accessed on January 

2022). 

[47] European Environmental Agency (EEA). (2021). Greenhouse gas emissions from transport in Europe. Available online: 

https://www.eea.europa.eu/ims/greenhouse-gas-emissions-from-transport (accessed on December 2021) 

[48] Clark, B. Y., Larco, N., & Mann, R. F. (2017). The Impacts of Autonomous Vehicles and E-Commerce on Local Government 

Budgeting and Finance. SSRN Electronic Journal. doi:10.2139/ssrn.3009840. 

[49] Gittleman, M., & Monaco, K. (2020). Truck-Driving Jobs: Are They Headed for Rapid Elimination? ILR Review, 73(1), 3–24. 

doi:10.1177/0019793919858079. 

[50] Dons, E., Götschi, T., Nieuwenhuijsen, M., de Nazelle, A., Anaya, E., Avila-Palencia, I., … Int Panis, L. (2015). Physical 

Activity through Sustainable Transport Approaches (PASTA): protocol for a multi-centre, longitudinal study. BMC Public 

Health, 15(1). doi:10.1186/s12889-015-2453-3. 

[51] Rojas-Rueda, D., De Nazelle, A., Tainio, M., & Nieuwenhuijsen, M. J. (2011). The health risks and benefits of cycling in urban 

environments compared with car use: Health impact assessment study. BMJ (Online), 343(7819). doi:10.1136/bmj.d4521. 

[52] Rojas-Rueda, D., de Nazelle, A., Teixidó, O., & Nieuwenhuijsen, M. J. (2012). Replacing car trips by increasing bike and public 

transport in the greater Barcelona metropolitan area: A health impact assessment study. Environment International, 49, 100–

109. doi:10.1016/j.envint.2012.08.009. 

[53] Soteropoulos, A., Berger, M., & Ciari, F. (2019). Impacts of automated vehicles on travel behaviour and land use: an international 

review of modelling studies. Transport Reviews, 39(1), 29–49. doi:10.1080/01441647.2018.1523253. 

[54] Rojas-Rueda, D., de Nazelle, A., Teixidó, O., & Nieuwenhuijsen, M. J. (2013). Health impact assessment of increasing public 

transport and cycling use in Barcelona: A morbidity and burden of disease approach. Preventive Medicine, 57(5), 573–579. 

doi:10.1016/j.ypmed.2013.07.021. 

[55] Health Effects Inst. (2018) State of Global Air/2018. A special report on global exposure to air pollution and its disease burden. 

Rep., Health Effects Inst., Boston. Available online: https://www.stateofglobalair.org/sites/default/files/soga-2018-report.pdf 

(accessed on December 2021). 

[56] Amato, F., Cassee, F. R., Denier van der Gon, H. A. C., Gehrig, R., Gustafsson, M., Hafner, W., … Querol, X. (2014). Urban 

air quality: The challenge of traffic non-exhaust emissions. Journal of Hazardous Materials, 275, 31–36. 

doi:10.1016/j.jhazmat.2014.04.053. 

[57] Rojas-Rueda, D., & Turner, M. C. (2015). Diesel, Cars, and public health. Epidemiology, 27(2), 159-162. 

doi:10.1097/ede.0000000000000427. 

[58] Anenberg, S., Miller, J., Henze, D., & Minjares, R. (2019). A global snapshot of the air pollution-related health impacts of 

transportation sector emissions in 2010 and 2015. In International Council on Clean Transportation. Available online: 

https://www.theicct.org/sites/default/files/publications/Global_health_impacts_transport_emissions_2010-2015_20190226.pdf 

(accessed on December 2021). 

[59] Timmers, V. R. J. H., & Achten, P. A. J. (2016). Non-exhaust PM Emissions from electric vehicles. Atmospheric Environment, 

134, 10–17. doi:10.1016/j.atmosenv.2016.03.017. 

[60] Rojas-Rueda, D., Nieuwenhuijsen, M. J., Khreis, H., & Frumkin, H. (2020). Autonomous Vehicles and Public Health. Annual 

Review of Public Health, 41(1), 329–345. doi:10.1146/annurev-publhealth-040119-094035. 

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.vaughan.ca/projects/projects_and_studies/sustainable_transportation/Pages/default.aspx


Civil Engineering Journal         Vol. 7, Special Issue, 2021 

91 

 

 

[61] Basner, M., & McGuire, S. (2018). WHO environmental noise guidelines for the European region: a systematic review on 

environmental noise and effects on sleep. International journal of environmental research and public health, 15(3), 519. 

doi:10.3390/ijerph15030519. 

[62] Brown, A. L., & Van Kamp, I. (2017). WHO environmental noise guidelines for the European region: A systematic review of 

transport noise interventions and their impacts on health. International journal of environmental research and public 

health, 14(8), 873. doi:10.3390/ijerph14080873. 

[63] Brown, A. L. (2015). Effects of Road Traffic Noise on Health: From Burden of Disease to Effectiveness of Interventions. 

Procedia Environmental Sciences, 30, 3–9. doi:10.1016/j.proenv.2015.10.001. 

[64] World Health Organization. (2011). Burden of disease from environmental noise: Quantification of healthy life years lost in 

Europe. WHO Reg. Office for Europe. Available online: http://www.euro.who.int/__data/assets/pdf_file/0008/136466/e94888.pdf 

(accessed on December 2021). 

[65] Verheijen, E., & Jabben, J. (2010). Effect of electric cars on traffic noise and safety. National Institute for Public Health and the 

Environment, Bilthoven, Netherland. Available online: http://www.rivm.nl/bibliotheek/rapporten/680300009.pdf (accessed on 

January 2022). 

[66] Natl. Cancer Inst. (2019). Electromagnetic fields and cancer. Fact Sheet, Natl. Cancer Inst., Bethesda, MD. Available online: 

cancer.gov/about-cancer/causes-prevention/risk/radiation/electromagnetic-fields-fact-sheet (accessed on December 2021). 

[67] NTP Technical Report (2018). Toxicology and carcinogenesis studies in Sprague Dawley (Hsd: Sprague Dawley SD) rats 

exposed to whole-body radio frequency radiation at a frequency (900 MHz) and modulations (GSM and CDMA) used by cell 

phones. In National Toxicology Program Technical Report Series, North Carolina, USA. doi:10.22427/NTP-TR-595. 

[68] NHTSA. (2019). Drug-impaired driving. Washington, D.C., United States. Available online: https://www.nhtsa.gov/risky-

driving/drug-impaired-driving (accessed on January 2022). 

[69] U.S. Department of Health and Human Services (HHS). (2016). Facing Addiction in America: The Surgeon General’s Report 

on Alcohol, Drugs, and Health. Office of the Surgeon General, Washington, DC, United States. Available online: 

https://addiction.surgeongeneral.gov/sites/default/files/surgeon-generals-report.pdf (accessed on December 2021). 

[70] National Transport Commission. (2018). Changing driving laws to support automated vehicles. Policy Pap. Natl. Transp. Comm, 

Melbourne, Australia. Available online: https://www.ntc.gov.au/sites/default/files/assets/files/NTC Policy Paper - Changing 

driving laws to support automated vehicles.pdf (accessed on December 2021).  

[71] Antoun, M., Edwards, K. M., Sweeting, J., & Ding, D. (2017). The acute physiological stress response to driving: A systematic 

review. PLoS one, 12(10), e0185517. doi:10.1371/journal.pone.0185517. 

[72] Mariotti, A. (2015). The effects of chronic stress on health: New insights into the molecular mechanisms of brain-body 

communication. Future Science OA, 1(3). doi:10.4155/fso.15.21. 

[73] Argo AI, Aurora, Cruise, Pony.ai (2020). Uber halt self-driving tests due to COVID-19. The robot report. Available online: 

https://www.therobotreport.com/argo-ai-aurora-cruise-pony-ai-uber-autonomous-vehicles-covid/ (accessed on December 

2021). 

[74] Tchir J. (2020). Could physical distancing reignite our excitement for autonomous driving?. The Globe and Mail, 

Toronto, Canada. Available online: https://www.theglobeandmail.com/drive/mobility/article-could-social-distancing-reignite-

our-excitement-for-autonomous-driving/ (accessed on December 2021).  

[75] Grosbard, E. (2020). Autonomous vehicles could be crucial in responding to future pandemics. The Robot Report. Available 

online: https://www.therobotreport.com/autonomous-vehicles-vital-role-solving-future-pandemics/ (accessed on January 2021). 

[76] Demaitre, E. (2020). COVID-19 pandemic prompts more robot usage worldwide. In The Robot Report. Available online: 

https://www.therobotreport.com/covid-19-pandemic-prompts-more-robot-usage-worldwide/ (accessed on December 2021).  

[77] Ford, T. (2020). Autonomous Shuttles Help Transport COVID-19 Tests at Mayo Clinic in Florida. In Mayo Foundation for 

Medical Education and Research. Available online: https://newsnetwork.mayoclinic.org/discussion/autonomous-shuttles-help-

transport-covid-19-tests-at-mayo-clinic-in-jacksonville/ (accessed on December 2021).  

[78] Goscé, L., & Johansson, A. (2018). Analyzing the link between public transport use and airborne transmission: Mobility and 

contagion in the London underground 11 Medical and Health Sciences 1117 Public Health and Health Services. Environmental 

Health: A Global Access Science Source, 17(1), 84. doi:10.1186/s12940-018-0427-5. 

[79] Kyriakidis, M., Happee, R., & De Winter, J. C. F. (2015). Public opinion on automated driving: Results of an international 

questionnaire among 5000 respondents. Transportation Research Part F: Traffic Psychology and Behaviour, 32, 127–140. 

doi:10.1016/j.trf.2015.04.014. 



Civil Engineering Journal         Vol. 7, Special Issue, 2021 

92 

 

 

[80] Hong, J. (2013). Considering privacy issues in the context of google glass. Communications of the ACM, 56(11), 10–11. 

doi:10.1145/2524713.2524717. 

[81] Segall, J. E. (2010). Google Street View: Walking the Line of Privacy-Intrusion upon Seclusion and Publicity Given to Private 

Facts in the Digital Age. Pittsburgh Journal of Technology Law and Policy, 10. doi:10.5195/tlp.2010.51. 

[82] Debatin, B., Lovejoy, J. P., Horn, A. K., & Hughes, B. N. (2009). Facebook and online privacy: Attitudes, behaviors, and 

unintended consequences. Journal of Computer-Mediated Communication, 15(1), 83–108. doi:10.1111/j.1083-

6101.2009.01494.x. 

[83] Weinstein, M. (2013). Facebook Privacy Issues Is Privacy Dead. Available online: https://www.huffpost.com/entry/internet-

privacy_b_3140457 (accessed on January 2022). 

[84] World Health Organization. (2013). Global status report on road safety 2013: supporting a decade of action. Luxembourg. 

Available online: https://apps.who.int/iris/handle/10665/78256 (accessed on November 2021). 

[85] Maslow, A. H. (1943). A theory of human motivation. Psychological Review, 50(4), 370–396. doi:10.1037/h0054346. 

[86] Bazilinskyy, P., Kyriakidis, M., & de Winter, J. (2015). An International Crowdsourcing Study into People’s Statements on 

Fully Automated Driving. Procedia Manufacturing, 3, 2534–2542. doi:10.1016/j.promfg.2015.07.540. 

[87] Moody, J., Bailey, N., & Zhao, J. (2020). Public perceptions of autonomous vehicle safety: An international comparison. Safety 

science, 121, 634-650. doi:10.1016/j.ssci.2019.07.022. 

[88] Shafique, M. A., Afzal, M. S., Riaz, N., & Ahmed, A. (2021). Public Perception regarding Autonomous Vehicles in Developing 

Countries: A Case study of Pakistan. Pakistan Journal of Engineering and Applied Sciences. 

[89] Sanaullah, I., Hussain, A., Chaudhry, A., Case, K., & Enoch, M. (2016). Autonomous Vehicles in Developing Countries: A Case 

Study on User’s View Point in Pakistan. Advances in Human Aspects of Transportation, 561–569. doi:10.1007/978-3-319-

41682-3_47. 

[90] Thomas, A., & Trost, J. (2017). A Study on Implementing Autonomous Intra City Public Transport System in Developing 

Countries - India. Procedia Computer Science, 115, 375–382. doi:10.1016/j.procs.2017.09.093. 

[91] Johnson, C. (2017). Readiness of the road network for connected and autonomous vehicles. In RAC Foundation -Royal 

Automobile Club for Motoring Ltd. RAC Foundation. 

[92] Kuutti, S., Fallah, S., Katsaros, K., Dianati, M., Mccullough, F., & Mouzakitis, A. (2018). A Survey of the State-of-the-Art 

Localization Techniques and Their Potentials for Autonomous Vehicle Applications. IEEE Internet of Things Journal, 5(2), 

829–846. doi:10.1109/JIOT.2018.2812300. 

[93] Huggins, R., Topp, R., Gray, L., Piper, L., Jensen, B., Isaac, L., ... & Somers, A. (2017). Assessment of key road operator actions 

to support automated vehicles (No. AP-R543-17), Austroads Ltd., Sydney, Australia. Available online: https://wiscav.org/wp-

content/uploads/2017/05/Austroads-Road_Agencies_Support_for_AVs.pdf (accessed on January 2022). 

[94] Sage, A. (2016). Where’s the lane? Self-driving cars confused by shabby U.S. roadways. In Reuters. Available online: 

https://www.reuters.com/article/us-autos-autonomous-infrastructure-insig-idUSKCN0WX131 (accessed on December 2021). 

[95] EuroRAP, & Euro NCAP. (2013). Roads that cars can read: a quality standard for road markings and traffic signs on major rural 

roads. Available online: https://www.eurorap.org/wp-content/uploads/2015/03/roads_that_cars_can_read_2_spread1.pdf 

(accessed on November 2021). 

[96] Huq, A., Dip, K. D., Mohammad, N. B., & Sakib, N. (2021). The Evidence of Critical Issues in Transportation Infrastructures 

of Bangladesh to Introduce Connected and Autonomous Vehicles. In Proceedings of the 6th International Conference on Civil, 

Structural and Transportation Engineering (ICCSTE’21). doi:10.11159/iccste21.164. 

[97] Kapeller, H., Dvorak, D., & Šimić, D. (2021). Improvement and Investigation of the Requirements for Electric Vehicles by the 

use of HVAC Modeling. HighTech and Innovation Journal, 2(1), 67–76. doi:10.28991/hij-2021-02-01-07. 

[98] Schoettle, B., & Sivak, M. (2015). Motorists' preferences for different levels of vehicle automation. University of Michigan, 

Transportation Research Institute Ann Arbor, Michigan, USA. Available online: 

https://deepblue.lib.umich.edu/bitstream/handle/2027.42/114386/103217.pdf (accessed on January 2022). 

[99] Liu, Y., Tight, M., Sun, Q., & Kang, R. (2019). A systematic review: Road infrastructure requirement for Connected and 

Autonomous Vehicles (CAVs). Journal of Physics: Conference Series, 1187(4), 10 1088 1742–6596 1187 4 042073. 

doi:10.1088/1742-6596/1187/4/042073. 

[100] Infrastructure Partnerships Australia. (2017). Automated Vehicles: Do We Know Which Road to Take. Royal Exchange, 

Sydney, Australia. Available online: https://infrastructure.org.au/wp-content/uploads/2017/09/AV-paper-FINAL.pdf (accessed 

on December 2021). 

https://www.huffpost.com/entry/internet-privacy_b_3140457
https://www.huffpost.com/entry/internet-privacy_b_3140457
https://wiscav.org/wp-content/uploads/2017/05/Austroads-Road_Agencies_Support_for_AVs.pdf
https://wiscav.org/wp-content/uploads/2017/05/Austroads-Road_Agencies_Support_for_AVs.pdf
https://infrastructure.org.au/wp-content/uploads/2017/09/AV-paper-FINAL.pdf


Civil Engineering Journal         Vol. 7, Special Issue, 2021 

93 

 

 

[101] UK Autodrive (2018) Paving the Way: Building the Road Infrastructure of the Future for the Connected and Autonomous 

Vehicles. Available online: http://www.ukautodrive.com/downloads/ (accessed on December 2021).  

[102] SAE (2018) Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road Motor 

Vehicles. J3016_201806. Available online: https://webstore.ansi.org/standards/sae/sae30162018 (accessed on January 2022). 

[103] Kalaiselvi, R., & Ramachandraiah, A. (2016). Honking noise corrections for traffic noise prediction models in heterogeneous 

traffic conditions like India. Applied Acoustics, 111, 25–38. doi:10.1016/j.apacoust.2016.04.003. 

[104] Narayanan, S., Chaniotakis, E., & Antoniou, C. (2020). Shared autonomous vehicle services: A comprehensive review. 

Transportation Research Part C: Emerging Technologies, 111, 255–293. doi:10.1016/j.trc.2019.12.008. 

[105] Kopelias, P., Demiridi, E., Vogiatzis, K., Skabardonis, A., & Zafiropoulou, V. (2020). Connected & autonomous vehicles – 

Environmental impacts – A review. Science of the Total Environment, 712, 135237. doi:10.1016/j.scitotenv.2019.135237. 

[106] Spence, J. C., Kim, Y. B., Lamboglia, C. G., Lindeman, C., Mangan, A. J., McCurdy, A. P., Stearns, J. A., Wohlers, B., Sivak, 

A., & Clark, M. I. (2020). Potential Impact of Autonomous Vehicles on Movement Behavior: A Scoping Review. American 

Journal of Preventive Medicine, 58(6), e191–e199. doi:10.1016/j.amepre.2020.01.010. 

[107] Sohrabi, S., Khreis, H., & Lord, D. (2020). Impacts of Autonomous Vehicles on Public Health: A Conceptual Model and Policy 

Recommendations. Sustainable Cities and Society, 63, 102457. doi:10.1016/j.scs.2020.102457. 

[108] Hao, M., & Yamamoto, T. (2018). Shared Autonomous Vehicles: A Review Considering Car Sharing and Autonomous 

Vehicles. Asian Transport Studies, 5(1), 47–63. doi:10.11175/eastsats.5.47. 

[109] Gandia, R. M., Antonialli, F., Cavazza, B. H., Neto, A. M., Lima, D. A. de, Sugano, J. Y., Nicolai, I., & Zambalde, A. L. 

(2019). Autonomous vehicles: scientometric and bibliometric review*. Transport Reviews, 39(1), 9–28. 

doi:10.1080/01441647.2018.1518937. 

[110] Jing, P., Hu, H., Zhan, F., Chen, Y., & Shi, Y. (2020). Agent-based simulation of autonomous vehicles: A systematic literature 

review. IEEE Access, 8, 79089–79103. doi:10.1109/ACCESS.2020.2990295. 

[111] Faisal, A., Yigitcanlar, T., Kamruzzaman, M., & Currie, G. (2019). Understanding autonomous vehicles: A systematic literature 

review on capability, impact, planning and policy. Journal of Transport and Land Use, 12(1), 45–72. 

doi:10.5198/jtlu.2019.1405. 

[112] Sun, Y., Olaru, D., Smith, B., Greaves, S., & Collins, A. (2017). Road to autonomous vehicles in Australia: An exploratory 

literature review. Road and Transport Research, 26(1), 34–47. 

[113] Piao, J., McDonald, M., Hounsell, N., Graindorge, M., Graindorge, T., & Malhene, N. (2016). Public Views towards 

Implementation of Automated Vehicles in Urban Areas. Transportation Research Procedia, 14, 2168–2177. 

doi:10.1016/j.trpro.2016.05.232. 

[114] Abraham, H., Lee, C., Brady, S., Fitzgerald, C., Mehler, B., Reimer, B., & Coughlin, J. F. (2017). Autonomous vehicles and 

alternatives to driving: trust, preferences, and effects of age. Proceedings of the Transportation Research Board 96th Annual 

Meeting, Washington, D.C., United States. 

[115] Liu, P., & Xu, Z. (2020). Public attitude toward self-driving vehicles on public roads: Direct experience changed ambivalent 

people to be more positive. Technological Forecasting and Social Change, 151, 119827. doi:10.1016/j.techfore.2019.119827. 

[116] Ann Arbor Observer. (2021). City guide, Buses, Ann Arbor Area Transportation Authority (TheRide). Available online: 

https://annarborobserver.com/cg/t9402.html#.YfAzwfhOmUk (accessed on December 2021). 

[117] Moovit Insight. New York - New Jersey Public Transit Statistics. (2021). Commute patterns by Light Rail, Subway, Train, 

Bus, Ferry & Cable Car in New York - New Jersey, United States - Analytics, Usage Data and Quick Facts. Available online: 

https://moovitapp.com/insights/en/Moovit_Insights_Public_Transit_Index_United_States_NYCNJ-121 (accessed on January 

2022). 

[118] Moovit Insight. (2021). Waiting for public transit. San Francisco, United States Available online: https://moovitapp. 

com/insights/en/Moovit_Insights_Public_Transit_Index-waiting-time (accessed on December 2021). 

[119] WorldAtlas. (2017). Average cost of public transit by country. Available online: https://www.worldatlas.com/articles/cost-of-

public-transportation-around-the-world.html (accessed on December 2021).  

https://annarborobserver.com/cg/t9402.html#.YfAzwfhOmUk
https://moovitapp.com/insights/en/Moovit_Insights_Public_Transit_Index_United_States_NYCNJ-121
https://www.worldatlas.com/articles/cost-of-public-transportation-around-the-world.html
https://www.worldatlas.com/articles/cost-of-public-transportation-around-the-world.html



