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Abstract 
 

As result of the increasing challenges associated to mobility, connected, autonomous, shared 

and electric (CASE) vehicles have been emerging, having the potential to improve traffic conditions 

and cities and decrease harmful social and environmental impacts. To understand the potential 

adoption and related impacts of this technology in the Lisbon Metropolitan Area, a survey was 

conducted. The survey characterized the potential users, their typical trip and their level of acceptance 

through differences in time and cost/km. It was found that the acceptance is influenced by age, by the 

usual transport mode, by the travel period and by the experience with new shared mobility 

alternatives. Younger groups are the ones more willing to adopt CASE vehicles, as well as those that 

travel in rush hour periods and those that have previous experience with shared alternatives, while 

drivers are the group that shows less willingness to adopt. CASE vehicles would be accepted, in 

average, by 44,0% of the respondents. It was also seen that early adopters are aged between 18 and 

35 years, including students, and that travel in rush-hour periods. The adoption can be increased with 

information spreading and financial incentives. The potential adoption would represent a cut in energy 

consumption of 17 PJ and decrease in 3 million ton CO2 emissions. The impacts analysed may be 

different if people travel more kilometres due to an increase in travelling easiness. 

 

Keywords: Vehicles, Connected, Autonomous, Shared, Electric, Adoption, Acceptance, Impacts 
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Resumo 
 

Como resultado dos desafios associados à mobilidade os veículos conectados, autónomos, 

partilhados e elétricos (CASE) têm surgido, tendo o potencial para as condições de trânsito das cidades 

e reduzir os impactes sociais e ambientais nocivos. Para compreender uma potencial adoção e 

impactos relacionados com a mesma realizou-se um inquérito direcionado aos habitantes da Área 

Metropolitana de Lisboa. O inquérito pretende caracterizar os potenciais utilizadores, a sua viagem 

típica e o seu grau de aceitação através de diferenças de tempo e preço por quilometro. Percebeu-se 

que a aceitação varia com a idade, o modo de transporte habitual, o período de viagem e a experiência 

com as novas alternativas de mobilidade partilhada. Os escalões mais jovens estão mais dispostos a 

adotar CASE assim como os inquiridos que viajam em hora de ponta e os que já têm algum tipo de 

experiência com as alternativas de mobilidade partilhada existentes em Lisboa. Enquanto que os 

inquiridos que usualmente conduzem na sua viagem típica são os que se mostram menos aberto a 

adotar. Os veículos CASE foram, em média, 44,0% das escolhas dos inquiridos. Verificou-se também 

que os pioneiros na adoção têm idades compreendidas entre os 18 e os 35 anos, escalão no qual se 

incluem estudantes e as pessoas que viajam em hora de ponta. A adoção pode aumentar com a 

disseminação de informação e incentivos fiscais.  Esta potencial adoção representará um decréscimo 

no consumo de energia de 17 PJ e uma redução de 3 milhões toneladas nas emissões de CO2. Os 

impactos podem ser diferentes se os utilizadores viajarem mais quilómetros devido à facilidade de 

utilização. 

 

Palavras-chave: Veículos, Conectados, Autónomos, Partilhados, Elétricos, Adoção, Aceitação, 

Impactos 
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1. Introduction 

1.1. Motivation 
The reason of owning a car is intricately connected with social aspects. Owning a car 

allows its owner to travel with freedom of schedules and routes, and guarantees the comfort 

during the journey that, most of the times, is hard to find in public transports. Besides, 

traditionally, buying a car is seen as an important step in adult life and being able to take the car 

to the workplace daily is seen as a sign of social status. Consequently, people who own a car feel 

free and empowered, not having to depend on others to make their daily life. 

Furthermore, purchase power has also increased along time, resulting in increasing 

motorizations rates (vehicles per 1000 inhabitants). In Portugal, according to the data from  

(Pordata, 2019), the motorization rate has reached 470 vehicles per 1000 inhabitants in 2016, 

2,5 times more than in 1990 when there were only 185 vehicles per 1000 inhabitants. This 

increasing number of vehicles has been leading, throughout the years, to several problems easily 

noticeable by all commuters from drivers to pedestrians. Traffic congestion is one of the major 

problems, especially in rush hours, when people commute in and out of cities. In 2010 it was 

estimated that 367500 vehicles from outside the municipality of Lisbon circulate into the city 

every day, when only 160000 where from Lisbon residents, despite the reduction to 355000 in 

2014 (Ferreira 2016) due to the economic crisis, in 2018 this value has again increased to 375000 

vehicles circulating into Lisbon (Alemão 2018). In off-peak periods, vehicles are parked in the 

streets or in private parks, resulting in a pressure for parking, which has resulted in the 

implementation of different tariffs according to the parking pressure in the city of Lisbon (EMEL 

, 2019). 

Another issue is related to the externalities associated to transports namely in terms of 

environmental impacts, which public is generally less interested in. Transport activities result in 

a high energy consumption, according to the EU Statistical Pocketbook 2018, for the year 2016, 

42% of the energy consumption in Portugal (corresponding to 6,8 million ton of oil equivalent) 

was used in the transport sector, while in Europe only 33% of the total 1107,8 million ton of oil 

equivalent was consumed by the transport sector. 

In terms of carbon dioxide (CO2) and local emissions, while in Europe the total emissions 

of CO2 have decreased from 4544,9 million ton in 1990 to 3637,3 million ton in 2016, the 

Portuguese contribution for that value increased from 47,2 to 53,8 million ton. This increase of 

6,6 million ton of CO2 is lower than the contribution of the transport sector alone that has 

increased in the same timeframe from 13 to 21,9, which means an increase of 8,9 million ton of 

CO2. It is important to consider that despite the reduction in the global CO2 emissions in Europe, 

the emissions from the transport sector increased from 950,8 to 1212,7 million ton from 1990 

to 2016. 

Regarding greenhouse gases emissions (GHG), it is possible to notice, in the (Statistical 

Pocketbook 2018, 2019) that the total emissions in Europe decreased from 5 719,6 to 4 440,8 

million ton of CO2 equivalent between 1990 and 2016. However, the transport sector alone had 

an increase from 967,1 to 1 226,4 million ton of CO2 equivalent, being currently 27% of the total 

GHG emissions. On the other hand, in Portugal, the total GHG emissions increased 9,7 million 

ton of CO2 equivalent, in the same period, from 61,5 to 71,2 corresponding, almost entirely, to 

the increase of 8,9 in the GHG emissions in the transport sector from 13,2 to 22,1 million ton of 

CO2 equivalent, currently 31% the total emission of GHG. 
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The (EEA, 2019) Emissions of air pollutants from transport report shows that in 2016 for 

Europe the contribution of road transport for emissions of carbon monoxide (CO), non-methane 

volatile organic compounds (NMVOC), nitrogen oxides (NOx), particulate matter (PM10 and 

PM2.5) is relevant, as presented in Figure 1 in green. Otherwise, for SOx, the European 

contribution of the transport sector is almost negligible. 

 

 
Figure 1-Contribution of the transport sector to total emissions of air pollutants in Europe (Source:EEA) 

 

It is possible to understand the dimension of the road transport contribution to the total 

emission values, which is in a certain way expected due to the number of vehicles circulating on 

the roads but at the same time can be reduced if technological advances are adopted. 

Regarding the previous emission values and considering now all the transport sector 

around Europe, the emissions have been reducing notoriously, as presented in Figure 2 where a 

comparison between the emissions of air pollutants values from 1990, except for PM2.5 values 

where the data is from 2000 onwards. 

 

 
Figure 2-Trend in emissions of air pollutants from transport in Europe (Source: EEA) 
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The emissions sourced from the road transport in Portugal, presented in the Figure 3, 

clearly show improvements and reduction along the years, especially considering gaseous 

pollutants like CO that have decreased between 1990 and 2016 almost 5 times, due to the 

implementation of the EURO standards in new vehicles, described on report  (EEA, 2019) Air 

legislation in Europe. Despite the efforts and the effective reduction, these emissions are still 

significant and still causing health problems. 

 

 
Figure 3-Road transport emissions evolution in Portugal (Mega ton) (Adapted from: (EEA, 2019)) 

 

It is interesting to compare the Portuguese percentage values in 2014 to the ones 

estimated for the same year for the city of Lisbon where a huge concentration of road traffic 

exists. In Lisbon, the contribution of the road transport to each pollutant was also estimated in 

the report Avaliação da Qualidade do ar ambiente na região de Lisboa e Vale do Tejo from 2016 

(Nogueira and Mesquita 2017), where it is possible to identify an important contribution from 

the transport sector, namely, road transport. In Table 1, the values for Portugal are presented 

in Ton and the percentage represents how much of each pollutant has its source on road 

transport. 

Table 1-Pollutant emissions in Portugal (Ton) (Source: EEA) 

 

Table 2, in turn, presents the road transport contribution for the concentration of the 

following air pollutants in Lisbon. 

 

 

 

 

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

0,5

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

R
o

ad
 t

ra
n

sp
o

rt
 e

m
is

si
o

n
s 

(M
e

ga
 t

o
n

n
es

)

NOx NMVOC NH3 PM2.5 SOx CO PM10

2014 NH3 NMVOC NOx PM2.5 PM10 CO SOx 
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Percentage 2% 11% 39% 9% 8% 26% 0,2% 



 
 

4 
 

Table 2-Road transport contribution for pollutant concentration  in Lisbon and Tagus Valley region 

(Source: (Nogueira and Mesquita 2017)) 

 

 

 

NOx emissions increase from 39% at national level, Table 1, to 63% when considering 

only the area of Lisbon, this represents an increase of 24 percentage points for the road 

transport contribution in the total NOx in the air as seen Table 2. Figure 4 presents the limit 

value for NO2 concentration (40 μg/m3), which has been surpassed in the north area of the LMA, 

posing great risk for human health. 

 

 

Figure 4- NO2 annual average in Lisbon and Tagus Valley (Source: (Nogueira and Mesquita 2017)) 

 

              Regarding CO, the road transport contribution increased from 26% at a national level to 

78% in Lisbon, as seen in Table 1 and Table 2, which represents a 52 percentage points 

differenceCO is known to be harmful for human health, however CO contribution for Ozone (O3) 

formation should also be considered. The established limit is 10000 μg/m3 and it has not been 

reached according Figure 5, in fact the total emissions have been decreasing along the years, 

due to legislation that have been applied to vehicles and in particular to the circulation of older 

vehicles in city centre. 

2014 NOx CO PM10 SOx 

Percentage 63% 78% 62% 2% 
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Figure 5- CO annual average in Lisbon and Tagus Valley (Source: (Nogueira and Mesquita 2017)) 

SO2 has its main source in industry, the limit is only reached by daily maximum in some 

regions with a big industry concentration, as presented in Figure 6. Consequently, these results 

are not relevant for road transport, despite this, the contribution in Lisbon is of 2%, 10 times 

higher than in Portugal, Table 2. 

 

 

Figure 6-SO2 daily maximum in Lisbon and Tagus Valley (Source: (Nogueira and Mesquita 2017)) 

Besides the gaseous emissions the transport sector is also responsible for considerable 

particulate matter emissions as seen in Figure 1, namely PM2.5 and PM10, which are particles with 

a aerodynamic diameter smaller than 2.5 and 10 µm, respectively. These particles have origin, 

essentially, in the combustion fossil fuels or in chemical reactions but can also come from dust 

on the road surface. The contribution from the road transport for the concentration of PM10 in 

Lisbon is 62%, Table 2, representing the majority of PM10 emissions sources, while in Portugal is 

only 8%. 

              The same report shows an average concentration of about 25 µg/m3 in Lisbon with the 

most polluted areas achieving values of 33 µg/m3 when the maximum value permitted is 40 
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µg/m3, except for 35 days a year when the limit of 50 µg/m3 can be exceeded. Figure 7 shows 

that the annual average exceeds the limit value in some regions of the metropolitan area. 

 

 
Figure 7-PM10  annual average in Lisbon and Tagus Valley (Source: (Nogueira and Mesquita 2017)) 

 

PM2.5 are more harmful to human health than PM10 since their smaller diameter allows 

them to penetrate in the human lungs easily causing mortality due to cardiopulmonary diseases 

or lung cancer (Boldo et al. 2006). The established limit is 25 µg/m3 that should never be exceed, 

and, according to Figure 8 that value is not exceed since 2003 even though the limit has only 

been established in 2015. 

 

 
Figure 8- PM2.5 annual average in Lisbon and Tagus Valley (Source: (Nogueira and Mesquita 2017) 

 

Either CO, PM2.5 and PM10 emissions have been decreasing along the years in the city of 

Lisbon and the surrounding area. 
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These emissions are related to climate change and to deterioration in local air quality, 

which in urban environments are especially harmful to exposed users such as pedestrians and 

bikers. There are issues that are easier to account such as traffic congestion, parked cars and 

pollutant emissions, however, all these problems can contribute for mental and physical health 

problems that can be noticed in longer timeframes. Respiratory issues like asthma or chronic 

obstructive pulmonary disease, cardiovascular diseases and lung cancer, as well as eye, nose and 

throat irritation, infections and impacts on blood, liver, spleen and reproductive system are the 

ones easiest to relate with the local pollutants such as gases and PM emissions. It is estimated 

in (EEA, 2019) report Air pollution country profile: Portugal , that in 2015 the number of 

premature deaths caused by PM2.5 was of 5500, while 890 have died prematurely due to NO2, in 

Portugal alone according to EEA profile. Table 3 summarizes all the deaths caused by air 

pollution in 2015. 

Table 3-Deaths due to air pollution (Source: (EEA, 2019) 

Country Population 

(x1000) 

Annual 

mean (PM2.5) 

Premature 

deaths (PM2.5) 

Annual 

mean (NO2) 

Premature 

deaths (NO2) 

Portugal 9870 9,8 5500 15,7 890 

EU-28 506030 13,9 39100 18,9 76000 

 

Overall unhappiness and mental health issues can be linked with hours in traffic and 

traffic noise. Being stuck in traffic can be mentally and physically exhausting and causes anxiety 

(Naieem 2018), since both aspects are connected, and long commuting times can lead also to 

loneliness and have been increasing (Smith 2017). According to Naieem, all these aspects 

together lead to stress and depression which are harmful for mental and physical health. In 

addition to that, road traffic noise can cause cardiovascular diseases, sleep disturbance, 

cognitive disabilities and annoyance (Brown 2015). Besides, in Europe about 29 million adults 

are affected by hypertension, sleep disturbances and annoyance, 10000 premature that are 

caused by environmental noise and 43000 people are admitted in hospitals every year due to 

noise (EEA, 2019). 

In terms of transport efficiency, another important aspect is the low occupancy rates 

verified with an average of 1,6 seats occupied per car for the metropolitan area of Lisbon, 

according to Inquérito à Mobilidade na Área Metropolitana de Lisboa for 2017 (INE, 2018). This 

makes the transportation efficiency very low, about 30%, since one car can transport up to five 

passengers, which means that the emissions, the energy consumed, the parking space and the 

space occupied on the road could be one third lower. 

Despite the increasing motorization rate, younger generations seem to care less about 

owning a car that the previous ones and are more disposed to live close to the city centres with 

easier access to public transportation and seem more disposed to use it as well, instead of 

driving to the work place (Rodrigue 2017). These factors give strength to a paradigm shift in 

transportation, with the emergence of different market concepts, such as electrification of 

transports, mobility-as-a-service, ride-sharing and autonomous vehicles. 

The integration of some of these concepts has resulted in the concept of CASE vehicles. 

The name CASE is an acronym for Connected, Autonomous, Shared and Electric and all these 

characteristics have certain contributions for the decrease of the issues above and some brands 

have prototypes for them, like Navya’s autonomous cab with capacity to transport 6 people at 

a maximum speed of 90 km/h. 
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Figure 9- Navya autonomous cab prototype (Source: (Navya, 2019)) 

These four layers can be explained as: 

 The connectivity in the vehicles can be understood as connectivity between the 

car and the user mobile phone or, and the important question for CASE vehicles, 

between the car and other cars and the infrastructures. With cars connected to 

the infrastructure, the vehicles, since it will be autonomous, or even the driver 

are able to opt for the fastest way, with less traffic, like it already happens with 

apps like Waze. Connectivity with other vehicles would permit vehicles to send 

information between each other, not only about traffic problems, but also 

would let the car in the front inform the car behind if it will suddenly stop, brake 

or any other dangerous manoeuvre. 

 Autonomous cars are now in development. Within the vehicles with 

autonomous features there are six different levels of autonomy, according to 

(Society of Automotive Engineers , 2019) 

o Level zero is attributed to old cars with no power steering or power 

brakes. 

o Level one is a car with driver assistance, the driver does everything 

alone, but it is easier to manoeuvre. 

o Level two is partial automation which already comprises adaptive cruise 

control and automatic emergency braking, however the driver still has 

the full driving task being only relieved by the help of these assets. 

o Level three is conditional automation, here the capabilities are way 

more advanced than in level two. The vehicle is autonomous enough to 

steer, accelerate and to monitor the driving environment. The driver has 

to be ready to take the wheel at any point but especially in highways 

the vehicle can perform by itself. 

o Level four is high automation, at this level the vehicle does not need a 

driver, but if the conditions are not perfect the driver can take control 

at any time. 

o Level five is full automation, in this level the vehicle does not need 

human driving under any condition. 

With CASE vehicles the objective is to go level five, full automation. 

Being this degree the one considerer to give big advantage to CASE, 

since not only does not require driver it also allows to arrange the inside 

of the car the most efficiently way possible. Without the need for a 

human driver, human errors may be mitigated, increasing safety and 

diminishing fatigue behind the wheel. Besides people that don’t drive 
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can get to the destination the same way as drivers do today. Another 

advantage is the time users gain while sitting in the car, which can allow 

them to perform other activities. Autonomous electric vehicles have 

also the potential to increase the energy efficient use, according to 

(Energy Information Administration (EIA) 2018). 

 Shared vehicles decrease the number of vehicles that get into the city, by 

increasing the occupancy rate. Imagining a car with 4 people instead of 4 cars, 

the space occupied on the road would be much smaller and would reduce traffic 

and bottlenecks, in addiction to that, there wouldn’t be so many cars parked on 

the city streets and parks. 

 Electric vehicles  have been around for a while now and the sales have been 

increasing, it estimated that by 2040 approximately 550 million EV will circulate 

around the world, according to the Bloomberg’s electric vehicles outlook 

(McKerracher et al. 2019), with  the sales increasing at a higher rate than in the 

last four years, as presented in Figure 10. It is now known that battery engine 

vehicles (BEV) are more efficient for an urban driving than internal combustion 

engine vehicles (ICEV) and can be up to four times more efficient( (EEA, 2016). 

With electric vehicles, local pollutants emissions (responsible for air quality 

depletion) would be reduced in the cities and the surroundings, especially 

considering that the electricity production is becoming increasingly renewable 

and the values for fossil fuels that have been being reduced all over the years 

will be smaller and smaller with time. In July 2019 APREN showed that in that 

year 52,25% of the total electricity produced had a renewable source of energy 

(APREN , 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10- Electric vehicle sales evolution projections  (Bloomberg, 2019) 

 

These 4 components are also interconnected, this interconnectivity can enable the right 

functioning of the whole system, but at the same time can compromise it. Regarding safety for 

example, since the autonomous vehicles are connected between them and to the infrastructure, 

there is the possibility of being hacked, this poses a special hazard to human safety since the 

vehicle’s computer can be hacked leading to road accidents. Furthermore, shared vehicles make 

people that don’t know each other share the same car for a trip, it can be scary and dangerous, 
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but for that, the connectivity between passengers and cars must give some insurance to the 

users and legislation should be applied. 

Another example is that autonomous vehicles require additional computing capacity 

and associated energy consumption, which on a moving product such as vehicles requires a 

bigger battery capacity (Christopher 2018). Anyway, the energy density of the batteries is 

increasing 5 to 7% per year (Beale 2018), which means that with time it is expected to have 

smaller batteries than the current ones with enough capacity for all the tasks needed. It is also 

expected that by 2023 batteries have the double of the capacity they had in 2018 (Van Mierlo 

2018). 

With the intention of combining several kinds of transportation allowing people to 

change from train to taxi to bike and then car-sharing, or any other combination that is 

convenient to the user arises the concept of mobility-as-a-service (MaaS). Integrated mobility 

allows the user to pay for the trip with a mobile app, all in one, and enables the services to 

coordinate time-tables and traffic data (Utriainen and Pöllänen 2018). The idea with the CASE 

vehicles is to include them in the package that would allow people to make their whole trip in a 

CASE or change into any other transport mode allowing the user to have all his trip performed 

by mobility services. 

 

1.2. Objective 
In this context, the objective of this thesis is to analyse the potential consumer adoption 

of CASE vehicles in the context of Lisbon Metropolitan Area. In more detail, in the end are 

defined adoption profiles to understand different adoption scenarios, define who the early 

adopters are, account the impacts the adoption can have on the environment and what can be 

done to improve the adoption of CASE. To accomplish this goal, the following tasks were 

undertaken: 

 The first step was the identification of the solutions for the mentioned mobility 

issues  available nowadays. The majority of these solution do not cover all the 

aspects, but CASE vehicles do, so, was important to understand what can make 

the consumers choose connected, autonomous, shared and electric vehicles 

and what type of product that will be understandable and appealing to the 

consumer. 

 After that a survey was designed and implemented online to Lisbon 

Metropolitan Area to understand the typical trip and people’s preferences. 

 The environmental impacts of the adoption were studied based on the adoption 

results from the survey. This enabled the development of adoption scenarios for 

the Lisbon area and quantification of energy and environmental associated 

impacts. 

 

1.3. Structure of the thesis (Thesis outline) 
This thesis is divided in 5 chapters. Chapter 1 presents the introduction to the problem with the 

motivation for this work and the objective. Chapter 2 presents the state of the art showing the 

trends in urban mobility and the acceptance and adoption of new mobility products. Chapter 3 

presents the methodology and data for analysis. Chapter 4 shows the results discussion and 

finally chapter 5 presents the conclusions. 
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2. State of the art 

2.1. Trends in urban mobility 
Cities nowadays have been facing tremendous changes in their transport systems to 

comply with the environmental goals of decarbonisation established in Paris protocol. The 

appearance of bike, electric cars and scooters sharing services are prove of it. Some cities like 

Oslo, Helsinki, Brussels, Dunkirk and Cascais are already trying autonomous electric shuttles 

from Navya (Navya , 2019) or EasyMile (EasyMile , 2019). 

Furthermore, focusing on EV adoption, cities have slowly adapted with the deployment 

of recharging infrastructure. In the case of Lisbon there currently are 164 recharging points 

which means a total of 522 plugs, according to Lisbon City Hall  (CML , 2019), as presented in 

Figure 11, and the city of Lisbon can expect 100 more points until the end of 2019 (Coelho 2019). 

The public recharging network is complemented by private recharging points which have been 

also increasing. 

 

 
Figure 11- Recharging points in Lisbon (Source: Câmara Municipal de Lisboa) 

 

However, if a massive EV adoption takes place and if those vehicles are autonomous, 

the existing facilities may not be enough. Consequently, cities may need to adapt their urban 

centres to receive more EV in the future. Besides having the city infrastructure communicating 

with the vehicles, to allow a perfectly synchronized vehicle movement, it would be necessary to 

adapt all the cities infrastructures. 

In a world of autonomous vehicles, it is expected that the number of vehicles circulating 

would increase, since it would become a lot easier to travel (Gruel and Stanford 2016). Despite 

this reality, traffic would be more organized not only between the vehicle and the road 

infrastructure but also due to the connection between different types of vehicles and 

infrastructures, instead of a mobility centred urban planning, as seen in the majority of modern 

cities (Lyons 2018). This integration of services would enable bigger and more adequate 

sidewalks for people and less wide congested traffic lanes (Macedo, Rodrigues, and Tavares 

2017). All of the needed changes takes a multidimensional approach so the city can turn it’s 

mobility into a sustainable urban mobility (Canitez 2019), with this kind of approach all the 
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sociotechnical details for the adaptation must be considered by specialists for all the different 

areas presented in Figure 12. 

 

 

 

 

Although, the structural adaptation of cities is not enough for the change to happen. 

The society needs to embrace the change, requiring a behavioural and social adaption to these 

new concepts. It is in this aspect that lies the key, making people see mobility as a service and 

not a product, that the private car may not be so much necessary as they think and that sharing 

the ride can be the best option not only for the city’s environment but also for them (Nykvist 

and Whitmarsh 2008). 

Regarding the use of MaaS, it has risen significantly in the last years (Goodall et al. 2017), 

by the use of ride-hailing services with five companies licenced to operate in Portugal according 

to IMT (e.g. Uber, Kapten, Bolt, etc.), or through sharing services (car, bike, scooter, etc.). These 

services are expected to grow until 2023, according to (Statista, 2019) projections on ride hailing 

for Portugal and worldwide. These ride-hailing companies provide prices around 10 

cents/min+60 cents/km + 0.9 cents initial tax (Uber , 2019) and (Bolt, 2019),while car-sharing 

companies have a price of around 30 cents/min (Emov, 2019) (DriveNow , 2019). However, when 

it comes to autonomous and connected cars, the cities’ infrastructures need improvements, in 

particular because of the connectivity between the vehicles and the infrastructures themselves 

and that is one of the biggest challenges, besides people’s acceptance, it is on how to transform 

a mobility driven city landscape into a human centred one. 

For people to change behaviour, they must realise the potential that the shift may have 

on the economy, on the environment and on the personal and communities’ lives which can also 

be enforced by policies. 

 

 

 

 

 

 

Figure 12-Socio-technical configuration of urban mobility systems. (Source: (Canitez 2019)) 
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2.2. Acceptance and adoption of alternative mobility products 
 

It is important to understand how technologic innovations can enter the market and daily 

routines in a large scale, especially when it is important to implement the idea that a change is 

necessary in the society. Several studies have been referring to a framework known as Multi-

Level Perspective (MLP) when considering meaningful changes in transportation. As stated by 

(Clark 2016) MLP considers three evolution levels: 

 The lowest one is Niches, since a new technology is, in its initial stage restrained only to 

some groups like researchers, potential buyers or even military. In this level, it is 

important to gain a perception on how the innovation works, how would it be adopted 

by the general public and how to make that same public adopt it by creating a network. 

This level is essential, it is here where is needed to understand who the fundamental 

actors will be to promote the adoption of the new technology. 

 The following level is Socio-technical regimes. When all the aspects of a transportation 

mode converge to make the transportation system work, it will become stronger. It is 

what happens with the current one, the roads are made for vehicles, the laws are made 

for the current system and the travel patterns are influenced by them, but influence the 

advance of the technologies. So, to implement a different regime, besides the actors, it 

is also important to adapt all the system to the new technology, this includes, 

infrastructure, legislation and also cultural adaptation. 

 The top level is Socio-technical landscape, this level considers, besides the previous 

levels considerations, economic systems, political ideologies and urban forms. 

 

              (Davis 1980) work on Technology Acceptance Model that hypothesise that the attitude 

toward using a new technology is affected by the perceived ease of use and usefulness, only 

then people will start to use the new technology. This means that for CASE to succeed, it is 

extremely important to explain and make people understand not only the environmental 

advantages, but also how easy it would be to travel by adopting CASE vehicles in their daily 

routines. 

(Schoettle, Brandon; Sivak 2014) study done to 1533 people in United Kingdom, United 

States of America and Australia, shows that the will to accept automation in the vehicles is 

inversely correlated to the level of the said automation, being full automated vehicles the ones 

less likely to be accepted, with 30% of respondents stating to be very concerned about level 4 

automation, and whit 19% showing the same level of concern for level 3. (Nordhoff, van Arem, 

and Happee 2017) based on (Yap, Correia, and Van Arem 2015) stated preferences survey to 

1149 Netherlanders and (Merat, Madigan, and Nordhoff 2017) based on (Krueger, Rashidi, and 

Rose 2016) study to 435 Australians agree in the conclusion that smaller vehicles would be more 

likely to be accepted since a unimodal trip made in a vehicle implies that that same vehicle is 

smaller and transports only one person. 

The acceptance can also be related to the level of education, income, age and time spent 

driving. People who spent a lot of time driving daily are more prone to adopt automated 

vehicles, so they don’t get so tired of driving while people that don’t drive to work, taking the 

train or without a job prefer to drive themselves. People with higher education seem to be more 

open to adopt automated vehicles. Older people are less likely to adopt automated vehicles 

despite being a good alternative for them when start to lose some mobility  for lack of trust or 
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because would need to learn how to work with it according  to (Bansal, Kockelman, and Singh 

2014)  study to 510 people in Austin. Also, underage people seem to be willing to take advantage 

of the technology, according to (European Comission, 2015)report on Autonomous systems 

based on a study in the 28 member states to 27801 people.  When asked how they would feel 

to share a vehicle with other people’s, responses showed that when vehicles have an operator, 

people would feel more secure when the other passengers are strangers, but if the vehicle is 

shared with friends or family 91% were likely to share. It is then important to make people feel 

safe inside the vehicle if the objective is to implement CASE vehicles in the future. 

Spreading information about new mobility products is crucial for their acceptability and 

success. It is possible to state that the degree of acceptance was good only after the 

implementation is well succeeded. For the implementation to succeed it is necessary to have 

the right actors taking the lead. At this stage is important that people with influence on others 

take the first step. In the contemporary society there are a lot of digital influencers and trend 

setters that could have a key role on the acceptance (Merat, Madigan, and Nordhoff 2017). More 

important than new technologies is to recognize the capacities the current technologies have, 

so it is essential to take advantage of all the connectivity in today world and the smart devices 

that people carry with them every day to gather information on how to make the technology 

more attractive to the people (Vecchio and Tricarico 2018). The choice of each person is dictated 

by the distance, the costs and frequency, the environmental factor, especially if the person is 

aware and cares about the environmental issues and the social background. 

Besides, people preferences do not always reflect on people’s choices, so incentives may 

be a good approach to promote greener choices. This incentives may be financial and come in 

form of a tax with a polluter-pay principle where tax is applied to pollutant behaviours, as stated 

in Sustainable Mobility: For consumers now The Consumer Voice in Europe and in the future 

(European Consumer Organization, 2015), and on another scale through mobile apps that can 

promote a more sustainable commute like the Italian BellaMossa that awards users with beer 

or ice cream when they achieve certain goals by walking or cycling (Buck 2018). 

Another crucial aspect for the acceptance of new products is if they have the potential 

to cause damage, put lives at risk or cause economical damage. Road safety may be the main 

concern on CASE vehicles and it is influenced by the vehicles themselves. It’s easy to think that 

connected vehicles can be easily hacked, the attack can compromise not only the connectivity 

but the autonomous driving as well so, it is extremely necessary to assure that the vehicles are 

properly protected against cyber-attacks, but, since the technology is still in an early stage, there 

is no record of an hacker attack and consequently  no cybersecurity tests on the software of 

automated vehicles were run, since, real threats must be faced by the machine learning, to 

reduce exposure of potential weaknesses in the system. (Buttice 2019). However, it is expected 

that with the development of the technology, hacker attack do not pose a problem for the 

regular functioning. According to Buttice the solution may come from aviation that is more 

developed in this context. In the Automation Day conference in April 2019 (Tesla, 

2019)suggested that their vehicles will have an encryption code, and only information testified 

by Tesla is opened by the vehicles computer, avoiding this way the risk of suffering attacks. 

Another component that has to evolve is legislation and regulation that should be 

accordant between EU member states since the vehicles will not be restricted to one country. 

Some European countries are already working on legislation, namely, United Kingdom, 

Germany, France, Spain, Italy and also Portugal that has a working group formed since the 
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beginning of 2019. According to (Autovista Group, 2019) article on The state of autonomous 

legislation in Europe some of the measures are focused on allowing tests on roads including city 

roads like it is happening in the Unites Kingdom that has created the Code of Practice for 

Automated Vehicle Trialling. In Germany the testing legislation is under city authorities’ 

responsibility, but the Autonomous Vehicle Bill defines its use. France’s framework is more 

recent but allows autonomous vehicles tests on public roads. Spain has agreed to prepare their 

infrastructures and has a test laboratory ready to work, on the other hand in Italy only allow 

tests on specific roads. United States legislation for autonomous vehicles is more advanced with 

legislation being introduced every year by different states, according to the Driving Vehicle 

Enacted Legislation from National Conference of State Legislatures. And in fact, they are leading 

on technology, according to Elon Musk during the April Automation Day conference, Tesla plans 

to launch fully automated vehicles in 2019 and by 2020 have a fleet of robot taxis, but these 

robot taxi would be owned by a private that can lend their taxi and so have some return of the 

investment made in the purchase. However these predictions may be exaggerated 

The adoption of new types of vehicles or mobility modes will certainly take some 

impacts on the society and environment that must be assessed. Understand and explain to the 

market the possible impacts is important for the acceptance, despite the impacts that are 

considered positive there might be some impacts impossible to account related to the society 

reaction to innovation. Starting with car sharing (Skjelvik, Erlandsen, and Haavardsholm 2017) 

states that car sharing can have positive impacts on the environment, will allow families to save 

some money since not only should decrease the ownership rate but will also promote a decrease 

of travelled kilometres due to a facilitated perception of the price one single kilometre costs. 

(Laine et al. 2018) in fact stated that in the northern Europe car sharing can present a reduction 

of 30 to 45% kilometres travelled comparing with private vehicle. On the other hand, car sharing 

must decrease emissions when it comes to the manufacturing, maintenance and end of life 

processes. According to (Laine et al. 2018) one car in a car sharing service can take the place of 

three to eight private vehicles representing a reduction of 10 to 35 ton of CO2-equivalent per car for 

the mentioned processes. Related to the potential CO2 emissions during the whole life time the 

same paper makes a comparison between a car sharing system with non-electric vehicles, 

comprising gasoline and diesel cars, and with electric vehicles for the Nordic countries shown in 

Figure 13. 

 
 

Figure 13- CO2 savings with car sharing (Source:(Laine et al. 2018)) 
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Considering Sweden, with a population 10 million people, being the most similar to the 

Portuguese one, a fleet of electric vehicles instead of petrol vehicles can have a saving of 188% 

almost twice the saving a fleet with regular vehicles can have, according to data in Figure 13. 

For autonomous vehicles, (Fagnant and Kockelman 2014) model for SAVs in a mid-size 

city suggests reductions in energy consumption of 12% which represents  144 GJ and pollutant 

emissions, with reduction values presented in Table 4, even when these are fuelled by regular 

gasoline or diesel. 

Table 4- Pollutant emissions savings with autonomous vehicles (Source: (Fagnant and Kockelman 2014)) 

 GHG SO2 CO NOx VOC PM10 

Kg 5,1 5,9 1287 43 88 1,8 

% 5,6 16 34 18 49 6,5 

 

Besides, road safety should increase since the human decisions will not cause accidents, 

the population that are not allowed to drive will be more independent and the traffic flow would 

be improved (Energy Information Administration (EIA) 2018). 

Regarding electric vehicles impacts, (Moro and Lonza 2018) Well-To-Wheels study 

shows that a BEV can save up to 60% GHG when compared to an ICEV. Regarding energy 

consumption of a BEV compared to an ICEV, (Chłopek et al. 2018) run several tests that show 

different results always with BEV consuming less MJ/km than ICEV. Taking the NEDC (New 

European Driving Cycle) test results, an ICEV has an energy consumption of 1,5 MJ/km while a 

BEV has an energy consumption of 0,6 MJ/km, which represents a decrease of 60% in energy 

consumption. BEV prices have been decreasing along the last few years, however according to 

(Nykvist, Sprei, and Nilsson 2019) it is necessary to lower the prices of low cost electric vehicles 

for them to enter properly the market, despite the need for attention to this market sector, the 

upmarket vehicles should not be a concern. 

So, to impact peoples’ routines and willingness to accept and pay for new mobility alternatives, 

it is necessary to guarantee the whole system can be adapted to the change and assure the right 

use of the technological innovations through legislation. It is also necessary to entice people to 

adopt changes through incentives. Financial incentives are useful when there is a need to 

acquire a new technology especially if it is an expensive technology, such as a vehicle, for 

example. But, sometimes, when the change is more of a personal will or a change of habit simple 

reward can also be given to those who make an effort to adapt. It is also important to understand 

the positive impacts a single change can have, especially in the case of new mobility alternatives 

since it is important to ensure environmental agreements are complied with, in order to slow 

down global warming, and engage people more to this problem, as seen in daily news. 
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3. Data and Methods 

3.1. Case study description 
 

The case study for this work is Lisbon Metropolitan Area with 18 municipalities and an 

area of 3015 km2 divided in 2 parts Grande Lisboa and Setubal’ peninsula. With 2821876 

inhabitants, representing 27% of the country’ population the LMA has train rails centred in 

Lisbon and metropolitan in the municipality of Lisbon as well as several bus companies. Since 

Lisbon is Portugal’ capital city many services are centred in the region. 

According to (INE, 2018), Inquérito à Mobilidade 2017 the average trip in LMA takes 24,5 

minutes in 11 kilometres. From the total trips done, 58,9% where made in a private car and the 

main reason for this movements, 30,8%, is going to and from work. Of the total population 80,4% 

is described as mobile population, in other words, the population that had made at least a 

movement in the time Inquérito à Mobilidade 2017 had occur, with a similar distribution 

between men and women in the younger classes, but with men presenting a bigger percentage 

in older classes . The intercity movements are an important part of the mobility (34,6%) being 

Lisbon the municipality that receives more people with 110 entrances per 100 Lisbon 

inhabitants, while movements inside the municipality of residence where the majority (65,4%) 

and are more common in the peripheral municipalities. In addition to that, only movements 

from two municipalities do not have Lisbon as second or third destination municipality. These 

movements are represented in Figure 14. 

 

 

 
Figure 14-Movement flows between different municipalities in LMA (Source:  (INE, 2018)) 

To better understand the possible acceptance of CASE vehicles a survey was developed 

and deployed on the Metropolitan Area of Lisbon (LMA). 
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3.2. Survey design and implementation 
 

For the purpose of the survey, CASE vehicles were defined as shared autonomous 

vehicles that would facilitate the daily mobility decreasing costs for travellers and travel times. 

This description was presented in a short video and survey’s description. 

The survey was divided in three parts, as presented in Annex 2. The first one is the typical 

trip characterization with the objective of understanding what kind of trip the respondent makes 

frequently or daily. The second part is a choice activity where the respondent has to pick in eight 

possible scenarios between three different variable alternatives and the third part annotates 

information about the inquired. 

This survey focused on the Lisbon’ Metropolitan Area, so people had to choose the 

residency municipality and main destination municipality, within the 18 municipalities from 

LMA. The purpose of the most frequent daily trip (Typical trip- viagem típica) was also 

characterized according to the following options: 

 Home-work/school-home (Casa-trabalho/escola-casa) 

 Home-school-work-school-work (Casa-escola-trabalho-escola-casa) 

 Essential shopping (Compras de produtos alimentares) 

 Other shopping (Outras compras) 

 Personal activities (eg: gym) (Actividades pessoais (exemplo: ginásio)) 

 Social activities (Actividades sociais) 

 Health (e.g.: Doctor’s appointments, exams, etc….) (Saúde (exemplo: consultas, 

exames, etc…)) 

 

The transport mode used in this trip was also characterized, through six possible options 

or if the respondent chose personal vehicle as driver or as a passenger the survey would 

continue to a section of questions about the vehicle. 

 Private vehicle as a driver (Veículo privado como condutor) 

 Private vehicle as a passenger (Veículo privado como passageiro) 

 Shared vehicle (eg: Uber, Drivenow, etc…) (Veículo partilhado (exemplo: Uber, 

Drivenow, etc…)) 

 Public transport (Transporte Público) 

 Walk or bike (A pé ou de bicicleta) 

 Taxi (Táxi) 

 

The questions about the vehicle itself had the purpose of gathering knowledge on 

vehicle occupancy and how it would affect the choice for a more sustainable alternative. With 

these answers the number of people in the car can be linked to the alternative chosen since 

some alternatives may be cheaper if only one user uses it daily. So, the questions were, how 

many people travel in the car, including the respondent and the type of vehicle owned: City 

vehicle (Citadino), family car (Familiar), SUV or other. For the vehicle age, the chosen classes 

were according (IMT 2018) report): Less than 2 years (Inferior a 2 anos), between 2 and 5 years 

(entre 2 (inclusivamente) e 5 anos), between 5 and 10 years (entre 10 (inclusivamente) e 10 

anos) and 10 or more years ( Igual ou superior a 10 anos). 
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The subsequent questions about the typical trip were meant to everyone and 

respondents that did not opt for any of the private vehicle options were immediately headed to 

this section. It was intended to know how long this frequent journey takes in a day and the 

travelled distance. The questions were focused only on one-way trip and were answered in the 

classes presented in Table 5 according to the Inquérito à Mobilidade 2017 from (INE, 2018). 

Table 5-Distance and time classes on survey 

Distance (kilometres) Time (minutes) 

Less than 2 (Menos de 2) 10 or less (10 ou menos) 

Between 2 and 5 (Entre 2 e 5) Between 10 and 30 (Entre 10 e 30) 

Between 5 and 15 (Entre 5 e 15) Between 30 and 60 (Entre 30 e 60) 

Between 15 and 30 (Entre 15 e 30) More than 60 (Mais de 60) 

More than 30 (Mais de 30)  

 

Also, it was inquired if the trips were mainly done during the rush hour, (8h-10 hours in 

the morning and 17h-19 hours in the evening) or non-rush hour. 

It was then asked to classify the transport modality of the typical trip on a scale from 1 

to 5 where 1 is unsatisfied and 5 is very satisfied. It is important to understand satisfaction with 

transports to understand what can make a person adopt a new alternative. On the other hand, 

accessibility to public transports is one of the major reasons people use a private car, alongside 

with the transportation schedule and freedom. The accessibility to public transports was also 

inquired both in the residence area and in the destination area, where 1 is bad accessibility and 

5 is good accessibility. 

To comprehend the respondents’ experience with new mobility modes available in 

Lisbon, four hypotheses were evaluated: I use them often, I have tried them, I have not tried 

them but would like to try, I have not tried nor want to. The mobility modes assessed were: 

Shared Vehicle (e.g.: DriveNow), Shared bicycle (e.g.: Gira), Shared motorcycles (e.g.: eCooltra) 

and Shared scooters (e.g.: Lime). These answers may influence the acceptance of each individual 

to accept and adopt change and in this particular case, adopt a new way of mobility in their daily 

lives. Furthermore, it was asked if the respondent was familiarized with the concept of 

autonomous vehicles. 

Knowing the transportation mode, the purpose of that trip, how long does it take, the 

length of the trip and all the information from the first part it is possible to relate with the 

personal information on labour situation and income, in this way a relation is made between 

these aspects and the choices made. 

To better understand how people would see and accept CASE vehicles, eight scenarios 

were constructed for the choice task. Since CASE vehicle are yet quite abstract it is important to 

make it easier to imagine, through the definition of scenarios were CASE vehicles are a reality 

easy to imagine. The scenarios were defined based on price per kilometre and travel time for 

each trip. Before the stated preferences activity, an explanatory short video in the following link 

https://www.youtube.com/watch?v=KaD03eiZONg was shown with the objective of 

schematizing and simplifying the concepts. 

 

 

 

https://www.youtube.com/watch?v=KaD03eiZONg
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3.2.1. Scenario definition 

For the scenario definition three alternatives were considered to present as simple 

vehicle solutions during the survey. 

 

 Alternative 1 - consists on the conventional private gasoline car and is 

presented as the current solution; 

 Alternative 2 introduces an autonomous electric vehicle, connected to the 

users’ cell phone that with a mobile app would be able to book the trip and the 

vehicle. The vehicle will then pick the user up in their location and drive them to 

the final destination. During all the trip, the user would be alone in the car; 

 Alternative 3 is in every aspect the same as Alternative 2 except that in this last 

option the user shares the trip with other users, which implies more stops along 

the trip. 

 

Using as a basis the mobility survey, Inquérito à Mobilidade na Área Metropolitana de 

Lisboa 2017 from (INE, 2018), the average commuter travels 49 minutes a day for 22 kilometres. 

Which translates in typical trip of 11 km lasting 24,5 minutes. The average expense per month 

with tolls and parking per household, presented in Table 6 and Table 7 can also be calculated 

according to the (INE, 2018) results. 

Table 6- Average monthly parking expense by household distribution (Source: (INE, 2018)) 

 0€ < 5€ 5 to 10 € 10 to 50€ >50€ Average 

LMA (%) 73,1 6,3 6,7 10,6 3,3 5,8 

 

Table 7- Average monthly expense with tolls by household distribution (Source: (INE, 2018)) 

 0€ < 5€ 5 to 10 € 10 to 15€ 15 to 30 € 30 to 60€ >60€ Average 

LMA (%) 57,8 6,4 8,5 6,1 8,5 7,2 5,5 10,6 

 

For insurance and maintenance, the total values are computed multiplying the price per 

kilometre by the total kilometres travelled. According to (Nina 2010) the price of insurance is 

0,017€/km either for gasoline and for electric vehicles. On the other hand, maintenance costs 

are different, being the price for gasoline (ICEV) vehicles 0,063€/km and for electric vehicles 

0,038€/km. 

The assumptions around the three defined Alternatives are presented next. 

 

Alternative 1 

To calculate the total cost and cost per kilometre (€/km) of acquiring a conventional car, 

the first step is to know how much it costs to purchase the car. 

The gasoline vehicle chose was a Renault Clio, since it is one of the most common in 

Portugal (Mota 2018). The considered price of a gasoline engine version is of 18000€ (Renault , 

2019) 

Then it is important to quantify how many kilometres per year are travelled by car and 

consequently in the life of the vehicle. According to EPA report (Pereira et al. 2019), in 2017, 

4839707 vehicles travelled 50000000000 vkm (Equation 20 in annex 1), which means about 

10331 km/year per vehicle (Equation 21). Multiplying this value by 12,7 years, average 
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passenger car age,  estimated by IMT for 2017, a vehicle is estimated to drive around 131206 

km in its lifetime (Equation 22). 

Considering the previously calculated average monthly expense for parking of 5,8€, and 

for tolls of 10,6 € the total costs during the lifetime of the vehicle were computed multiplying 

the monthly cost by 12 months and 12,7 years. Therefore, the total cost for parking will be 887 

€ (Equation 23) and for toll will be 1609€ (Equation 24). 

Table 8- Alternative 1 acquisition costs (€/month) 

 

 

 

 

Afterwards, considering that gasoline consumption have a cost of 0,12 €/km 

(12€/100km) (Silva 2018) and the total amount of km travelled during the vehicle lifetime the 

total cost of fuel is obtained (Equation 25) representing a total cost of 15745€. 

The total cost of insurance and maintenance is then calculated with the total kilometres. 

Considering 0,017€/km for insurance summing a total of 2231€ (Equation 26) and 0,063 €/km 

for maintenance completing a total of 8266€ (Equation 27). After all these components are 

computed it is the total cost as the sum of costs above. 

 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 18000€ + 877€ + 1609€ + 15745€ + 2231€ + 8266€ = 46738€ 
Equation 1-Total cost for conventional alternative 

 

Then dividing the total cost by the total kilometres it obtained the value of 0,356 €/km 

(Equation 28). All the previous calculations are simplified in Table 9. 

Table 9- Alternative 1 acquisition costs (€/km) 

 

 

 

 

Since in this alternative the costs are supported only by one person, 0,356€/km is the 

final cost per kilometre. 

The total travel time is assumed to be 25 minutes as estimated by the (INE, 2018) results. 

 

  

Expense Car Parking Tolls 

Cost (€/month) 118 5,8 10,6 

Total cost (€) 18000 887 1609 

Expense Fuel Insurance Maintenance Total 

Cost (€/km) 0,12 0,017 0,063 0,356 

Total cost (€) 15745 2231 8266 46738 
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Alternative 2  

For alternatives 2 and 3 the vehicle is the same, an electric autonomous vehicle that 

takes the users from the place most convenient to them to the final destination chose by them, 

this would allow a first to last kilometre cover without the need to drive and park the car, but 

with freedom of movement similar to owning and driving a car. 

The chosen car was a Model 3 Tesla with long range capacity, costing around 66000€ 

(Tesla, 2019). This car has battery capacity of 75 kWh that  lasts 8 years (Verbrugge and Wampler 

2018) with a taxi like utilization of 65000 km/year (Castel-Branco, Ribau, and Silva 2015 will 

represent 520000 kilometres during the lifetime of the vehicle. ). However, some differences in 

the use of the vehicle will affect the kilometres driven and later the utilization cost. The energy 

consumption of a Model 3 Tesla is, according to (EV Database, 2019), around 0,2 kWh/km. 

These vehicles are assumed to be owned by a company or by the state and parking and 

toll costs are not directly paid by the users. In spite of that, these costs should be accounted for 

the final price. In this step some hypotheses where admitted. A reduction of 50% of parking 

costs and an increase of 100% of tolls cost were assumed based on the fact that  the vehicles 

would spend less time parked and will circulate more, so it is assumed that can cross tolls 

monitoring more often. This translates on a cost of 443 € for parking (Equation 29and 3219€ for 

tolls (Equation 30). These prices are summarized in Table 10. 

Table 10- Alternative 2 acquisition costs (€/month) 

 

 

 

 

 

For insurance and maintenance the method is the same as in Alternative 1, considering 

the total 520000 km in the lifetime of a vehicle and the values considered for electric vehicles 

(Nina 2010), and will be the same for both vehicles, since they are the same and is considered 

the possible vehicle lifetime. The insurance for BEV is the same as for an ICEV (0,017 €/km) and 

for maintenance the price is of 0,038 €/km. considering these prices the total cost for insurance 

considering 520000 km is 8840€ (Equation 31) and for maintenance the cost will be 19760 € 

(Equation 32). Also, for both alternatives it was decided that the vehicles could only work for a 

maximum of 12 hours per day, this complies with limitations imposed by Uber of 12 working 

hours (Uber , 2019), however, here there’s not a need for a driver, and so there is no need to 

take special attention to the drivers fatigue, but since the vehicle will have peaks of activity in 

the rush hours (8h-10h 17h-19h) and may need time to charge, it was considered that 12 hour 

shifts were a good estimation, also, to prevent damages in the vehicle. 

For the electricity costs it was taken 0,15€/kWh from (Loja da luz, 2019), referring to 

EDP prices. The consumption per kilometre is 0,2 kWh/km, as said before and multiplying the 

cost and consumption by the total kilometres driven in the life of the vehicle. Was obtained the 

total final cost of 15600 € Equation 33 

Considering the average speed of 27km/h based on (INE, 2018), mobility survey, 

(Inquérito à Mobilidade 2017), and considering the possibility of a 12 hour shift, it is computed 

the kilometres driven in a day totalling 324 km (Equation 34).Which means a daily energy 

consumption of 64,8 kWh Equation 35) 

Expense Car Parking Tolls 

Cost (€/month) 687,5 2,9 21,1 

Total cost (€) 66000 279 2028 
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With a daily consumption of 64,8 kWh, the vehicle should not need an extra recharge, 

since 64,8kWh represents only 86% of the total battery capacity. 

At this point some assumptions are needed. For alternative 2, it is considered that the 

vehicle is occupied only 60% of the time, since it only takes one request at a time and it has to 

go empty from on dropping point to the location of next user, which should be the closest 

request possible. This translates to 194,4 km driven with a passenger on board per day and 

considering an average trip of 11 km, this translates to 17 full trips. 

 

𝐾𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠 𝑤𝑖𝑡ℎ 𝑎 𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟 = 0,6 ∗ 324 𝑘𝑚 = 194,4 𝑘𝑚 

Equation 2-Alternative 2 average daily kilometres with passenger 

 

𝑇𝑟𝑖𝑝𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 =
194,4 𝑘𝑚

11
𝑘𝑚
𝑡𝑟𝑖𝑝

= 17,7 𝑡𝑟𝑖𝑝𝑠 

Equation 3- Average number of daily trips in Alternative 2 

 

Since one trip takes only one user this represents 17 users per day. This information is 

not needed for the following calculations, since 194,4 km already accounts the number of trips. 

Accounting all the cost components presented, the total cost and the cost of using a 

vehicle are the following. 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 66000 € + 15600 € + 8840 € + 19760 € + 279 € + 2028 € = 113862€ 
Equation 4- Alternative 2 total cost 

 

Then dividing the total cost by the total kilometres it obtained the value of 0,216 €/km 

(Equation 36). All the previous calculations are simplified in  

Table 11. 

Table 11- Alternative 2 acquisition costs (€/km) 

 

 

 

 

Based on information from platforms like Uber, it was defined that 25% of the total cost 

is allocated to the company (Soyinka 2019) and so the final price is: 

𝐹𝑖𝑛𝑎𝑙 𝑐𝑜𝑠𝑡 = 1,25 ∗ 0,216
€

𝑘𝑚
= 0,270 €/𝑘𝑚 

Equation 5- Alternative 2 final cost per user 

 

This cost is supported only by one user and considers the whole vehicle lifetime (520000 

km). 

The total travel time is assumed to be 29 minutes considering the 25 minutes on the 

average trip from Inquérito à Mobilidade 2017. Since there will be no need to park, a parking 

time of 2 minutes was considered (Khattak and Polak 1993) and subtracted to the 25 minutes 

time, since it is the most comparable study for the Lisbon reality, in spite of other studies that 

consider waiting times of up to 6 minutes (Rayle et al. 2016). 

 

 

Expense Electricity Insurance Maintenance Total 

Cost (€/km) 0,03 0,017 0,038 0,216 

Total cost (€) 15600 8840 19760 112507 
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Alternative 3  

The calculations related to the vehicle itself are already presented in Alternative 2 since 

the vehicle is exactly the same 

Since in Alternative 3 the vehicle will have more stops because there is the possibility to fill the 

car with the first user still in his trip, a reduction in average speed to 20 km/h was assumed. In a 

12 hour shift the vehicle would then drive 240 km (Equation 37).Which means a daily 

consumption of 48 kWh, representing only 64% of all battery capacity (Equation 38). 

It was considered that a vehicle is occupied with at least one user only 80% of the time, 

the reasons for empty driving are the same as in Alternative 2, but in this case, the car will be 

empty for less kilometres since several users can be in the car at same time. The 80% rate of 

occupancy means a total of kilometres with passengers of 192 which represents 17 trips. 

 

𝐾𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠 𝑤𝑖𝑡ℎ 𝑎 𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟 = 0,8 ∗ 240 𝑘𝑚 = 192 𝑘𝑚 
Equation 6-Alternative 3 average daily kilometres with passenger 

 

𝑇𝑟𝑖𝑝𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 =
192 𝑘𝑚

11
𝑘𝑚
𝑡𝑟𝑖𝑝

= 17,5 𝑡𝑟𝑖𝑝𝑠 

Equation 7-Average number of daily trips in Alternative 3 

 

In alternative 3, each trip can take up to 4 users representing a total of 69 passengers 

per day. 

 

𝑃𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 = 17,5 𝑡𝑟𝑖𝑝𝑠 ∗ 4
𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠

𝑡𝑟𝑖𝑝
= 69,8 𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠 

Equation 8- Maximum passenger per day in Alternative 3 

 

Considering all the prices calculated previously the total cost will be the same as in 

Alternative 2, however now is necessary to consider that the trip is divided with up to four other 

users. The cost per kilometre (0,216 €/km) is then divided by the 4 users per trip with a final 

result of around 6 cents/km (Equation 39). 

Using as base the 25% profit of Alternative 2, it was considered that in Alternative 3 the 

profit should be 35% since the occupancy is higher. 

 

𝐹𝑖𝑛𝑎𝑙 𝑐𝑜𝑠𝑡 = 1,35 ∗ 0,054 = 0,073 €/𝑘𝑚 
Equation 9-Alternative 3 final cost per user 

 

This cost considers a lifetime of 520000 km with each trip divided by 4 people. 

The total travel time of 33 minutes considers he 25 minute average trip, the 2 minutes 

parking time and 10 minutes of waiting time, considering it would have more stops than the 

previous alternative (Krueger, Rashidi, and Rose 2016). 

Table 12 summarizes the previous cost and time calculations. This table was presented 

as one of the scenarios in the online survey, considered the real scenario. 
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Table 12- Table presented on the survey, corresponding to the calculated scenario 

 

Convencional private 

vehicle 

Autonomous electric 

vehicle (car-sharing) 

 

Autonomous electric 

vehicle (ride-sharing) 

Alternative 1 Alternative 2 Alternative 3 

Trip cost (€/km) 0,36 0,27 0,07 

Total trip time (min) 25 29 33 

 

The following step was to define an interval in which the price and times can variate. It 

was chosen a price interval 20% below and 20% above the calculated value, outlined in Table 

13, this interval, allow to differentiate prices to understand if it is an important variable. To help 

narrow down the amount of possible scenarios, it was discarded the lowest price for 

conventional private vehicle, considering this vehicle shall get costlier, due to improvements on 

several car components or even considering possible taxes to apply to purchasing a vehicle, for 

autonomous electric alternatives the highest prices attributed were also discarded since the 

technology should tend to decrease price. 

Table 13- Price variations, in bold are the real values and in red are the disregarded values 

 Alternative 1 Alternative 2 Alternative 3 

-20% 0,28 0,22 0,06 

Calculated price 0,36 0,27 0,07 

+20% 0,43 0,33 0,09 

 

The same assumption was taken for time interval, in which, the fastest time for 

alternative one was discarded since as mentioned before the volume of traffic have been 

increasing throughout time and slower trips in autonomous electric vehicles were removed since 

with more of these vehicles on the streets the waiting times can decrease. For this time 

assumptions, a 4 minute difference was considered, as presented in Table 14, which makes the 

real time coincide with the worst time of the previous alternative. 

Table 14- Time variations, in bold are the real values and in red are the disregarded values 

 Alternative 1 Alternative 2 Alternative 3 

-4 minutes 21 25 29 

Calculated time 25 29 33 

+4 minutes 29 33 37 

 

With 6 possible prices and 6 possible trip times, there were still 64 possible scenarios to 

construct. 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜𝑠 = 23 ∗ 23 = 64 

Equation 10-Number of possible scenarios 

 

According to (Sanko 2001), in stated preferences activities, people only respond 

carefully until 5 to 9 scenarios. So looking at all the alternatives the most interesting and relevant 

ones were chosen. 

Table 15 presents all the scenarios presented in the survey. The first scenario in Table 

11 is the one correspondent to the values calculated as the real values. The following seven 
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scenarios are combinations of all the 6 possible times and prices. For the majority of the tables 

price and time correspond to the best or worst options for each alternative, except for scenario 

4 where is combined the longest (worst) time with the lowest (best) price and scenario 7 that is 

the reverse, meaning, the shortest times with highest prices. 

Table 15-Scenarios presented in the survey 

  

Convencional private 
vehicle 

Autonomous electric 
vehicles (car-sharing) 

 

Autonomous electric 
vehicle (ride-sharing) 

Alternative 1 Alternative 2 Alternative 3 

1 
Trip cost (€/km) 0,36 0,27 0,07 

Total trip time (min) 25 29 33 

2 
 

Trip cost (€/km) 0,43 0,27 0,06 

Total trip time (min) 29 29 29 

3 
 

Trip cost (€/km) 0,36 0,22 0,07 

Total trip time (min) 25 25 33 

4 
Trip cost (€/km) 0,36 0,22 0,06 

Total trip time (min) 29 29 33 

5 
Trip cost (€/km) 0,36 0,27 0,06 

Total trip time (min) 25 29 29 

6 
Trip cost (€/km) 0,43 0,22 0,06 

Total trip time (min) 29 25 29 

7 
Trip cost (€/km) 0,43 0,27 0,07 

Total trip time (min) 25 25 29 

8 
Trip cost (€/km) 0,43 0,22 0,07 

Total trip time (min) 29 25 33 

 

To better understand the choices later on, Table 16 presents the kind of price and time 

in each scenario. 

Table 16-Scenarios code for alternative choice understanding 

 
Alternative 1 Alternative 2 Alternative 3 

table price time price time price time 

1 best best worst worst worst worst 

2 worst worst worst worst best best 

3 best best best best worst worst 

4 best worst best worst best worst 

5 best best worst worst best best 

6 worst worst best best best best 

7 worst best worst best worst best 

8 worst worst best best worst worst 
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3.3. Data processing for quantification of impacts 

 

Microsoft Excel and SPSS were used to process the survey results. Excel was used to 

understand how the variables affect each other, which were the main preferences and 

understand the respondent profile and daily trip, whereas SPSS was used to test the statistic 

relevance of some of the variables. 

To know which test to use it is necessary to evaluate if the data is parametric, by testing 

the normality and variance homogeneity of the distribution. The normality is, in this situation, 

analysed with Shapiro-Wilk test since the sample has a size (N) superior to 100. The distribution 

is normal if the p-value is higher than 0.05 (p>0.05), since the null hypothesis (H0) that the 

distribution is Normal. For variance homogeneity, the test used is the Levene’s test where the 

distribution varies homogeneously if p>0.05, since H0 is that the variances are equal (Field 2009). 

For the data to be parametric, the distribution must be normal, homogeneously variated and 

the data must be distributed in intervals and independent. In the cases where all the needs are 

met, the test T-Student is usually applied. When the data is not parametric, the tests applied are 

the non-parametric ones. The non-parametric tests to be used are Mann-Whitney test when the 

grouping variable only divides in two different groups and Kruskal-Wallis when the grouping 

variables has more than 2 groups (Field 2009). Three variables are satisfaction and accessibility 

rates. In these cases, since the data in non-parametric, the test used is a Spearman correlation. 

After running normality and homogeneity tests, statistical significance was then analysed. For 

all the significative variables that will be reported below, it was seen that none of them were 

distributed normally except for age of the vehicle for those who prefer not answer the 

household’ income question and for satisfaction in those who travel in a private vehicle as a 

passenger. For the first, SPSS was not capable of running Levene test but these respondents 

correspond only to 4% of the sample. For the last, Levene test showed that the variance is 

homogeneous with p>0.05, but again these respondents correspond only to 6% of the sample. 

Therefore, both of the mentioned groups were considered not meaningful for the analysis 

regarding household income and satisfaction respectively. With these results it is fair to use non-

parametric tests. 

Focusing now on the non-parametric tests, for all the variables that were affected by the other 

variable, the test used was Kruskal-Wallis except for the variables of new mobility alternatives 

grouped by acquaintance of autonomous vehicle that have a binary answer (yes or no). After 

that, to understand between which groups resides the difference the Post-Hoc Bonferroni 

corrections were run. 

After the survey implementation and processing of its results follows the impact 

quantification of a potential adoption. To quantify the impacts of a potential adoption is 

necessary to define adoption scenarios. Two adoption scenarios were defined based on the 

behaviour during the choice activity. The first scenario is considered a first stage adoption, 

where are accounted as early adopter those who choose alternative three all along the activity. 

The second scenario accounts with all the respondents that chose alternative 3 at least half of 

the experience (4 times). 

With the scenarios defined it is computed how many common vehicles (cars, 

motorcycles, buses) are traded for CASE vehicle in each scenario. Using the occupancy rates 

previously calculated and considering a CASE vehicle with four occupants is calculated how many 

CASE vehicles are necessary to substitute the regular cars. To do this it should be considered 
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which type of vehicle each respond use to travel in in their typical trip. After that, is calculated 

the energy and pollutant emissions that can be saved according to emission factors previously 

showed. 

To understand the reduction in energy consumption and CO2 emissions, first is 

important to know the current situation through the amount of fuel that is sold on average and 

no action towards the use of CASE vehicles. CASE vehicles as electric vehicles will be considered 

to have emission zero, with the goal of decarbonisation in sight. 

The number of vehicles in AML alone was taken from (ASF- Autoridade de Supervisão de 

Seguros e Fundos de Pensões, 2016). 2016 is the last year where the vehicles are fully 

discriminated, so it was used as reference. The information is divided by municipality so the total 

amount of vehicles by category is the sum of every AML municipality. It is assumed that bus 

consume diesel and that motorcycle consume gasoline. For passenger cars the distribution 

between diesel and gasoline was taken from the Portugal total in  the Portuguese national 

inventory report on greenhouse gases, 1990 – 2017 (Pereira et al. 2019) with 53% diesel vehicles 

and 47% gasoline vehicles. The number of each vehicle per category and fuel type is presented 

in Table 17. 

Table 17-Vehicles per category and fuel type in AML 

Category Fuel Number of vehicles 

Passenger car Gasoline 640528 

Passenger car Diesel 727873 

Motorcycle Gasoline 72075 

Buses Diesel 3624 

 

(Pereira et al. 2019) reports the number of vehicles and kilometres travelled, simplified 

in Table 18, where the computed kilometre for one vehicle per year are also presented. The 

kilometres will influence the amount of fuel consumed as well as CO2 and local pollutants 

emissions that can potentially be decreased with the adoption of the referred new mobility 

modes with fleets of shared vehicles. 

Table 18- Number of vehicles and travelled kilometres discrimination by category in Portugal for 2016 

(Source: (Pereira et al. 2019)) 

Vehicle category Vehicles vkm km/vehicle.year 

Passenger cars 4711830 50000000000 10612 

Buses 14410 1500000000 104094 

Motorcycles 551904 500000000 906 

 

The values in Table 18 for the number of vehicles was obtain from 2016 data, instead of 

2017 data used in 3.2. Survey design and implementation to calculate kilometres per year in a 

conventional vehicle (Alternative 1), because ASF only had the complete data for 2016, the 

amount of vkm is the same since the difference is very small and is presented in a graph. 

The amount of fuel sold was then taken from DGEG where the data for 2016 is presented 

by municipality and the sum for the AML is 272921 ton of gasoline and 919581 ton of diesel. The 

fuel consumption in litres for 100 Km per vehicle type were obtained through the CO2 emission 

factors given on Portuguese National Inventory Report on Greenhouse Gases (Pereira et al. 

2019) and with the CO2 emission factors for each fuel (2,68 Kg/L for diesel and 2,31 Kg/L for 
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gasoline). Fuel density was given by DGEG data files (0,75 Kg/L for gasoline and 0,84 Kg/L for 

diesel). 

Through the kilograms consumed per year it is possible to compute the consumed 

energy (MJ/Km) knowing that gasoline has a lower heating power of 43,8 MJ/Kg and diesel 42,7 

MJ/Kg (Pereira et al. 2019). Then multiplying by yearly km is obtained the consumption per year 

(MJ/year). All the equations are found in Annex 1. 

The given and computed consumptions are presented in Table 19, as well as the 

kilometres travelled in one year and the total kilometre travelled by AML vehicles in order to 

organize all the values used to compute the ton consumed in AML in one year. 

Table 19-Annual kilometres and consumption summarization 

Category Fuel L/100 km Kg/100 km km/vehicle km/ category Ton/year MJ/km MJ/year 

Passenger car Gasoline 8,8 6,6 10612 6797019417 448846 2,9 19660218982 

Passenger car Diesel 7,4 6,2 10612 7723888595 479366 2,7 20469740731 

Motorcycle Gasoline 5,4 4,1 906 65296682 2654 1,8 1162627447 

Buses Diesel 45,9 38,6 104094 377238029 145494 16,5 6212571513 

 

The number of passenger in passenger cars was calculated from Inquérito à Mobilidade 

2017 and corresponds to 1.6 people, for motorcycles was considered 1 passenger and for buses 

85 passengers (Carris, 2019). 

 

3.3.1. Global and local emissions 

The reduction of pollutant emissions can be evaluated if the current situation is known, 

therefore it is important to know the typical emissions nowadays. 

 

Passenger cars  

In Table 20 the considered emissions for each meaningful pollutant are summarized. 

Table 20- Passenger cars emissions in g/km (Sources: (1) (Pereira et al. 2019) and (2) (Hausberg and 

Eichlseder 2010)) 

Transport mode Emission factor (g/km) 

CO2 
(1) HC (2) CO (2) NOx 

(2) PM (2) 

LDV gasoline 203,39 0,30 2,04 0,48 0,04 

LDV diesel 198,01 0,07 0,39 0,53 0,06 

 

Considering 6797283136 km per year done in gasoline cars and 7724188276 km per year 

done in diesel cars the total mass per year of each pollutant was calculated and is presented in 

Table 21. 

Table 21- Passenger cars emissions in ton/year 

Transport mode Yearly emissions (ton/year) 

CO2 HC CO NOx PM 

LDV gasoline 1382499 2019 13832 3276 272 

LDV diesel 1529467 556 2989 4117 487 
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Motorcycles  

For motorcycles the CO2 and local pollutant emissions are presented in Table 22. 

Table 22- Motorcycles emissions in g/km (Sources: (1) (Pereira et al. 2019),  (3) (Garcia et al. 2013) and 

(4) (Yang et al. 2008) 

Transport mode Emission factor (g/km) 

CO2 (1) HC (3) CO (3) NOx (3) PM (4) 

Motorcycle 125,20 0,18 0,70 0,07 0,01 

 

Multiplying the emission factor by the 65296682 km travelled by motorcycles in a year 

in AML, it is obtained the total emissions in Table 23. 

Table 23-Motorcycle emissions in ton/year 

Transport mode Yearly emissions (ton/year) 

CO2 HC CO NOx PM 

Motorcycle 8175,55 11,43 45,84 4,31 0,33 

 

Public transports  

To consider the emissions reduction from typical use of public transportation to new 

mobility alternatives, it is important to consider the main public transport modes. Transport by 

boat was dismissed not only because it is negligible but also, the number of survey respondents 

that cross Tagus by any public transport is small, besides it is never asked which public transport 

is taken. The distribution between different types of public transport was taken from Inquérito 

à Mobilidade 2017 (INE 2018), as presented in Table 24. 

Table 24-Public transport trips distributed by mode 

 Bus Train Metro Total 

Number of trips 420 838 173 669 166 827 761 333 

Percentage % 55 23 22 100 

 

Buses 

Starting with buses emissions, Table 25 presents the emission in g/km for a regular in 

use bus. 

Table 25-Buses emissions in g/km (Sources: (1) (Pereira et al. 2019),  (5) (Merkisz et al. 2016) and  (6) 

(Cooper et al. 2012) 

Transport mode Emission factor (g/km) 

CO2 (1) HC (5) CO (5) NOx(5) PM(6) 

Buses 1230,51 0,07 2,12 8,73 0,20 

 

Table 26 presents the annual emissions in ton/year considering that per year all LMA 

buses roam 377238029 km. 

Table 26-Buses emissions in ton/year 

Transport mode Yearly emissions (ton/year) 

CO2 HC CO NOx PM 

Buses 464193 26 800 3293 75 
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According to (EEA, 2019), in 2016 to produce 1 kWh in Portugal 324,7 g of CO2 were 

emitted with the national electricity generation that according to APREN between January and 

July of the current year (2019) circa 52% of the total electricity produced had renewable energy 

sources. Taking this emission value for electricity production, the emissions per year per train 

where computed as well total emissions per year. It is important to notice that total emission 

for metro only consider Metropolitano de Lisboa, on the other hand, emission for trains consider 

all the trains in Portugal. 

 

Trains  

With an aproximated number of 129 trains in LMA ( CP, 2019) (Fertagus, 2019), that 

according to (Gomes and Lopes 2011)travel around 85820 km per year each, the cost for energy 

in each train per km is 0,871 €/comboio.km, which represents 5,8 kWh/km if it is considered the 

same 0,15€/km as in 3.2. Survey design and implementation, this translates then into a 

consumption of 498113 kWh/year. 

𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑡𝑟𝑎𝑖𝑛) = 324,7 ∗ 5,8 = 1885 𝑔 𝐶𝑂2/𝑘𝑚 

Equation 11-Train CO2 emissions per km per train 

𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑡𝑟𝑎𝑖𝑛) = 324,7 ∗ 498113 = 161 𝑡𝑜𝑛 𝐶𝑂2/𝑦𝑒𝑎𝑟 
Equation 12-Train CO2 emissions per year per train 

 

For the 129 trains the total emissions are then: 

𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑡𝑟𝑎𝑖𝑛) = 161 ∗ 129 = 𝟐𝟎𝟖𝟔𝟒 𝒕𝒐𝒏 𝑪𝑶𝟐/𝒚𝒆𝒂𝒓 
Equation 13-Train CO2 emissions per km 

𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑡𝑟𝑎𝑖𝑛) =
20864

85820 ∗ 129
= 𝟏, 𝟗 𝑲𝒈 𝑪𝑶𝟐/𝒌𝒎 

Equation 14-Train CO2 emissions per year 

 

Metro 

The energy consumption per year for metro for traction, according to (Metro de Lisboa, 

2019), is of 50000000 kWh/year (in 2017). According to (Metro de Lisboa, 2019) each year 

5300000 km are travelled.Knowing from metro that in total there are 338 carriages and each 

composition takes, normally, six, this represents a total of 56 compositions, emitting each one: 

 

𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑚𝑒𝑡𝑟𝑜) = 324,7 ∗  50000000 = 𝟏𝟔𝟐𝟑𝟓 𝒕𝒐𝒏 𝑪𝑶𝟐/𝒚𝒆𝒂𝒓 
Equation 15-Metro CO2 emissions per year 

𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑚𝑒𝑡𝑟𝑜) =
16235

5300000
= 𝟑 𝑲𝒈 𝑪𝑶𝟐/𝒌𝒎 

Equation 16-Metro CO2 emissions per km 

 

Knowing from metro that in total there are 338 carriages and each composition takes, 

normally, six, this represents a total of 56 composition, emitting each one 288 ton CO2. 

𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑚𝑒𝑡𝑟𝑜) =
16 235

56
= 288 𝑡𝑜𝑛 𝐶𝑂2/𝑦𝑒𝑎𝑟 

Equation 17-Metro CO2 emissions per year per train 
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4. Results and Discussion 

4.1. Survey results 
 

The survey was available online from 30 of July 2019 to 22 of August 2019 obtaining 354 

answers from which 250 were complete, valid and analysed. 

The analysis of the results is divided in demographic, typical trip and alternative choices. Typical 

trip and alternative choices are also analysed divided in inter and intra-municipal trips to 

understand if there are some differences in the trip modalities. 

 

.4.1.1. Demographic analysis 

 

The respondent’s distribution was similar for men and women and corresponds to the 

distribution in Inquérito à Mobilidade 2017 from (INE, 2018) (53% and 47% respectively), as seen 

in Table 29, but there is a lack of answers from people with ages between 26 and 35 years. The 

majority of the respondents finished education in secondary school (35, 2%) or bachelor (40,3%), 

while in Inquérito à Mobilidade 2017 the percentages are 29% and 35% respectively. The survey 

answers may be a bit skewed since the survey was deployed in students’ groups with 24.5 % of 

student responses for 7,0% in AML, but also the respondents who stated to be employed are 

more than in AML with 62,4% for 54%. When inquired about household income 60,3% of the 

respondent’s state that their household income allows them to live moderately and 30.1% 

stated to leave with ease. The household dimension distribution is very similar to the one 

presented in Inquérito à Mobilidade 2017. 

It is important to stress that regardless their education level, the majority of respondents 

stated moderate household income. However, despite the Kruskall Wallis test applied to 

household income, with education level as grouping variable, showing that the first is not 

affected by the second (Table 27), the difference between moderate and better incomes 

reduces with the education level, as can be seen in Table 28. 

Table 27- Kruskall Wallis test results for household income grouped by education level 

Test Statistics 

 Household income 

H de Kruskal-Wallis 11,877 

Gl 7 

Sig. 0,105 
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Table 28-Household income distribution according to education 

Education My household income allows me to live with… 

…struggle …moderation … ease Rather not answer Total 

Basic Education 0,0% 0,4% 0,0% 0,4% 0,8% 

Secondary Education 1,2% 26,0% 6,4% 1,6% 35,2% 

Bachelor 1,2% 22,4% 14,4% 2,4% 40,4% 

Masters 0,4% 9,6% 8,0% 1,6% 19,6% 

PhD 0,0% 0,4% 0,8% 0,8% 2,0% 

Other 0,0% 1,6% 0,0% 0,4% 2,0% 

Total 2,8% 60,4% 29,6% 7,2% 100,0% 

 

Table 29-Demographic characterization (percentage) 

Variable Level Average Inter-municipal Intra-municipal 

Gender Female 54,4 55,1 53,2 

Male 45,6 44,9 46,8 

Age <18 1,6 0,6 3,2 

18-25 28,4 27,6 29,8 

26-35 10,8 10,3 11,7 

36-50 28,0 30,8 23,4 

51-65 29,2 20,1 27,7 

>65 2,00 0,6 4,3 

Education Basic Education 0,8 - 2,1 

Secondary Education 35,2 35,3 35,1 
Bachelor 40,4 40,4 40,4 

Masters 19,6 23,1 13,8 

PhD 2,0 - 5,32 

Other 2,0 - 3,2 

Work situation Unemployed 2,8 4,5 - 

Employed 62,4 66,7 55,3 

Student 24,8 19,2 34,0 

Retired 5,6 3,9 5,3 

Other 4,4  5,3 

Driver’s licence Yes 91,8 94,2 89,4 

No 8,2 5,8 10,6 

Household 1 8,4 7,1 10,6 

2 23,2 21,2 26,6 

3 26,4 32,1 17,0 

4 35,2 32,1 40,4 

5 6,4 7,7 4,3 

6 or more 0,4  1,0 

Income My household income allows 
me to live with struggle 

2,8 3,9 1,0 

My household income allows 
me to live with moderation 

60,4 60,3 60,6 

My household income allows 
me to live with ease 

29,6 30,1 28,7 

Rather not answer 7,2 5,7 9,6 
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4.1.2. Typical trip analysis 

 

Analysing the answers related to the typical trip, there is a slight difference between the 

survey results and Inquérito à Mobilidade 2017 immediately starting with the distribution 

between inter-municipality and intra-municipality trips, summarized in Table 30, with the survey 

results showing 62.4% inter-municipality trips to 37,6% intra-municipality trips, while  Inquérito 

à Mobilidade 2017 reveals  34,6% to 65,4% respectively. This difference may be justified by the 

skewness in the respondent’s distribution with 45,6% dwelling in the same municipality (Vila 

Franca de Xira). 

Table 30-Distribution between inter-municipal trips an intra-municipal trips in the Survey and Inquérito à 

Mobilidade 2017 

Modality Survey Inquérito à Mobilidade 2017 

Inter-municipal 62,4 34,6 

Intra-municipal 37,6 65,4 

 

The test Kruskal Wallis presented in Table 31 shows a significant difference between 

distances when the results are grouped by duration of the trip, which was expected. Anyway 

this is important to have a distribution, since through Table 31 it is possible to compute average 

duration, time and speed for an average, inter and intra-municipal trips. 

Table 31-Kruskall Wallis test results for trip distance grouped by trip duration 

 

 

 

 

 

 

 

 

 

In Table A3. 1, seen in annex 3, the groups that presented differences are pointed out in 

bold. The groups that present differences are the ones with p-value<0,05, as will be seen in the 

following Bonferroni correction tables. Inter-municipal trips with less than 10 minutes or 

between 10 and 30 minutes always present differences, which is makes sense, since inter-

municipal trips are generally lengthier which should translate in longer trips, so faster inter-

municipal trips may present differences in distribution. While in intra-municipal trips only those 

with less than 10 minutes present differences from trips between 10 and 30 minutes and 

between 30 and 60 minutes, which also makes sense since as will be seen further a percentage 

of fastest intra-municipal trips are done by feet which should represent shortest distance than 

by any other transport mode. Table 32presents the distribution in duration of trip lengths. 

Test Statistics 

 Distance 
Inter-municipal 

H de Kruskal-Wallis 37,886 

Gl 3 

Sig. 0,000 

Intra-municipal 

H de Kruskal-Wallis 30,831 

Gl 3 

Sig. 0,000 
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Table 32-Distribution for trips' length according to duration for inter and intra municipal trips. This table 

presents the total results for intra an inter-municipal trips in separate. 

 
10 minutes 

or less 
Between  10 and 30 

minutes 
Between 30 

and 60 minutes 
More than 
60 minutes 

Total 

Inter-municipal 

Less than 2 km 1,3% 0,0% 0,0% 0,0% 1,3% 

Between 2 km and 5 km 0,6% 1,9% 0,0% 0,0% 2,6% 
Between 5 km and 15 km 3,2% 13,5% 5,8% 1,3% 23,7% 

Between 15 km and 30 km 0,6% 17,3% 19,9% 4,5% 42,3% 

More than 30 km 0,0% 5,8% 15,4% 9,0% 30,1% 

Total 5,8% 38,5% 41,0% 14,7% 100,0% 

Intra-municipal 

Less than 2 km 18,1% 4,3% 1,1% 0,0% 23,4% 

Between 2 km and 5 km 8,5% 10,6% 2,1% 0,0% 21,3% 

Between 5 km and 15 km 4,3% 22,3% 4,3% 2,1% 33,0% 

Between 15 km and 30 km 1,1% 10,6% 4,3% 0,0% 16,0% 

More than 30 km 0,0% 4,3% 2,1% 0,0% 6,4% 

Total 31,9% 52,1% 13,8% 2,1% 100,0% 

 

Table 33 presents based on Table 32 the average duration, length and speed. The typical 

trip has 19 km and takes 31 minutes, representing a longer distance and more time consuming 

trip than the one determined by Inquérito à Mobilidade 2017, this deviation may be due to the 

fact that a big percentage of respondents all live in the same municipality (Vila  

Franca de Xira).  Regarding average speed, a value of 36 km/h was obtained, which is higher than 

the one used to compute costs in scenario creation phase (27 km/h), based on IML. Looking into 

the disaggregation between inter and intra-municipality commutes, for inter-municipality trips 

alone the travelling time increases to 38 minutes and 24 km with (average speed of 39 km/h) 

and for intra-municipality movements they have an average time of 20 minutes and distance of 

10 km (average speed of 31 km/h). 

Table 33-Duration, distance and speed summarized according to inter or intra-municipal trip and the 

average 

 Inter-municipality Intra-municipality Average 

Time (minutes) 37,5 19,8 30,8 

Distance (km) 24,0 10,4 18,9 

Speed (km/h 38,8 31,5 36,1 

 

Table 34 present the Kruskal Wallis test trip modalities grouped by transport mode. The 

significance is 0,0 which means that the groups are different which is expected since there are 

no walking or biking trips in inter-municipal commuting. 

Table 34- Kruskall Wallis test results for trip modality grouped by transport mode 

 

 

 

 

 

Test Statistics 

 Modality 

H de Kruskal-Wallis 27,835 

Gl 3 

Sig. 0,000 
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In Table 35, is verified that the group that differ in inter municipal and intra municipal 

trips is people that walk or take a bicycle. All the other group showed to be equal distributed in 

intra and inter-municipal trips. 

Table 35- Bonferroni correction to transport mode on trip modality 

Multiple corrections 

(I) Transport mode (J) Transport mode Mean Ranks Difference (I-J) Error Sig. 

Private vehicle as a 

driver 

 

Private vehicle as a passenger 0,025 0,125 1,000 

Public transport 0,075 0,066 1,000 

Walk or bicycle -0,641 0,125 0,000 

Private vehicle as a 

passenger 

 

Private vehicle as a driver -0,025 0,125 1,000 

Public transport 0,050 0,130 1,000 

Walk or bicycle -0,667 0,168 0,001 

Public transport Private vehicle as a driver -0,075 0,066 1,000 

Private vehicle as a passenger -0,050 0,130 1,000 

Walk or bicycle -0,716 0,130 0,000 

Walk or bicycle Private vehicle as a driver 0,641 0,125 0,000 

Private vehicle as a passenger 0,667 0,168 0,001 

Public transport 0,716 0,130 0,000 

 

Looking at Table 36 it is easily seen that p-value is inferior to 0,05 which means that 

transport mode has influence on trip duration in inter-municipal trips, while it does not for intra-

municipal, which makes sense because, as said before, there are a big concentration of traffic 

to enter or exit cities like Lisbon, which may delay the trips that are done in a road transport, 

while if the trip is done by train or metro is faster. On the other hand, intra-municipal trips are 

usually shorter for that reason, the difference between transport modes may not be noticed. 

Table 36- Kruskall Wallis test results for transport mode grouped by trip duration 

Test Statistics 

 Transport mode 

Inter-municipal 

H de Kruskal-Wallis 32,660 

Gl 3 
Sig. 0,000 

Intra-municipal 

H de Kruskal-Wallis 5,309 

Gl 3 

Sig. 0,151 

 

Since only inter-municipal trips have differences in its groups, Table 37 presents 

Bonferroni correction for inter-municipal trips alone. In this table, it is seen that trips that take 

more than 60 minutes are statistically different from those that last less than 10 and between 

10 to 30 minutes when relating to transport mode, which is understandable, since depending 

on the departure and arrival point, the time spent may be affected by traffic or public transport 

accessibility. Also, trips that last 10 to 30 minutes and 30 to 60 minutes are different. 
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Table 37-Bonferroni correction to trip duration on transport mode 

Multiple corrections 

(I) Duration (J) Duration Mean Ranks Difference (I-J) Error Sig. 

Inter-municipal     

Less than 10 minutes 

 

10 to 30 minutes 0,044 0,448 1,000 

30 to 60 minutes -0,993 0,446 0,165 

More than 60 minutes -1,686 0,493 0,005 

10 to 30 minutes 

 

Less than 10 minutes -0,044 0,448 1,000 

30 to 60 minutes -1,038 0,225 0,000 

More than 60 minutes -1,730 0,308 0,000 

30 to 60 minutes Less than 10 minutes 0,993 0,446 0,165 

10 to 30 minutes 1,038 0,225 0,000 

More than 60 minutes -0,693 0,305 0,147 

More than 60 minutes Less than 10 minutes 1,686 0,493 0,005 

10 to 30 minutes 1,730 0,308 0,000 

30 to 60 minutes 0,693 0,305 0,147 

 

Focusing on transport mode, trips done in private car alone last mainly between 10 and 

30 minutes representing 54,4% of the trips done as a driver and 40,0% of the trips done as a 

passenger, as seen in Table 38. Also, the trips done by public transportation have mainly a 

duration between 30 and 60 minutes (51,4%). Table 38 presents the totals for every transport 

mode. 

Table 38-Transport mode distribution by duration in all trips 

Transport mode 10 minutes 
or less 

Between 10 
and 30 minutes 

Between 30 
and 60 minutes 

More than 
60 minutes 

Total 

Walk or bicycle 60,0% 33,3% 0,0% 6,7% 100,0% 

Public transport 1,4% 24,3% 51,4% 23,0% 100,0% 

Private vehicle as a driver 17,9% 54,5% 23,4% 4,1% 100,0% 

Private vehicle as a passenger 20,0% 40,0% 33,3% 6,7% 100,0% 

Shared vehicle 0,0% 100,0% 0,0% 0,0% 100,0% 

Total 15,6% 43,6% 30,8% 10,0% 100,0% 

 

Public transportation presents the longest trips, being 49,4% of the trips that last 

between 30 and 60 minutes and 68,0% of the trips that last more than 60 minutes, as seen in 

Table 39. Private vehicle as the main used transport represents the majority of the fastest trips 

with 66,7% (plus 7,7% where the respondent is a passenger) of the trips that last less than 10 

minutes and 72,5% (plus 5,5% where the respondent is a passenger) of the trips that last 

between 10 and 30 minutes. Table 39 presents totals for every duration. 
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Table 39-Time distribution by transport in all trips 

Transport mode 10 minutes 
or less 

Between  10 
and 30 minutes 

Between 30 
and 60 minutes 

More than 
60 minutes 

Total 

Walk or bicycle 23,1% 4,6% 0,0% 4,0% 6,0% 

Public transport 2,6% 16,5% 49,4% 68,0% 29,6% 

Private vehicle as a driver 66,7% 72,5% 44,2% 24,0% 58,0% 

Private vehicle as a passenger 7,7% 5,5% 6,5% 4,0% 6,0% 

Shared vehicle 0,0% 0,9% 0,0% 0,0% 0,4% 

Total 100,0% 100,0% 100,0% 100,0% 100,0% 

 

Considering the sample divided in intra and inter-municipal commuting, as presented in 

Table 40, it is seen that longer trips by private vehicle and public transportation are done 

between different municipalities representing 24,0% (plus 4,0% where the respondent is a 

passenger) and 64,0% of trips that last more than 60 minutes, respectively. While in intra-

municipal there are no private car trips lasting more than 60 minutes, and only 4,0% of the 

longer trips are done intra-municipally by public transportation. The fastest intra-municipal trips 

are mainly divided between private vehicle and walk or bicycle. It is possible to state that the 

longest trips are inter-municipal with the distribution being mainly between 10 and 60 minutes, 

while for intra-municipal trips they are distributed mainly below 30 minutes. 

 

Table 40-Time distribution by transport mode in inter and intra-municipal trips. This table presents the 

results divided in intra an inter-municipal trips but the total for each column. 

Transport mode 10 minutes 
or less 

Between  10 
and 30 minutes 

Between 30 
and 60 minutes 

More than 
60 minutes 

Total 

Inter-municipal 

Public transport 2,6% 6,4% 37,7% 64,0% 21,2% 

Private vehicle as a driver 17,9% 45,9% 39,0% 24,0% 37,2% 

Private vehicle as a passenger 2,6% 2,8% 6,5% 4,0% 4,0% 

Intra-municipal 

Walk or bicycle 23,1% 4,6% 0,0% 4,0% 6,0% 

Public transport 0,0% 10,1% 11,7% 4,0% 8,4% 

Private vehicle as a driver 48,7% 26,6% 5,2% 0,0% 20,8% 

Private vehicle as a passenger 5,1% 2,8% 0,0% 0,0% 2,0% 

Shared vehicle 0,0% 0,9% 0,0% 0,0% 0,4% 

Total 100,0% 100,0% 100,0% 100,0% 100,0% 

 

 

Kruskal Wallis test reveals that age has influence on the transport mode usually used, as 

showed in, which is expectable since, usually, younger people do not drive daily to school or 

university, being private vehicle a transport preferred by older people.  
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Table 41- Kruskall Wallis test results for transport mode grouped by age 

 

 

 

 

 

 

 

 

 

On the choice of transport mode the age groups that showed differences, according to 

Table A3. 2 were 18 to 25 year with the three older groups and 26 to 35 years with 36 to 50 and 

51 to 65 years. 18,4% of the respondents are young people, with ages below 25 that take public 

transportation showing a preference of the group for public transports while older people prefer 

private vehicles with 48,8% out of 58,0% belonging to the three last age groups, as seen in Table 

42. 

Table 42-Transport mode preference distribution by age 

Transport mode Less than 
18 years 

18 to 25 
years 

26 to 35 
years 

36 to 50 
years 

51 to 65 
years 

More than 
65 years 

Total 

Walk or bicycle 0,0% 3,6% 1,2% 0,8% 0,0% 0,4% 6,0% 

Public transport 0,4% 18,0% 5,2% 2,8% 3,2% 0,0% 29,6% 

Private vehicle as a driver 0,0% 4,8% 4,4% 22,4% 24,8% 1,6% 58,0% 

Private vehicle as a passenger 1,2% 2,0% 0,0% 1,6% 1,2% 0,0% 6,0% 

Shared vehicle 0,0% 0,0% 0,0% 0,4% 0,0% 0,0% 0,4% 

Total 1,6% 28,4% 10,8% 28,0% 29,2% 2,0% 100,0% 

 

It is found that vehicles age are affected by the household income but only in inter 

municipal trips as seen in Table 43, which may be justified by the usually longer trips in inter-

municipal commuting and a bigger car wear. 

Table 43- Kruskall Wallis test results for vehicle age grouped by household income 

Test Statistics 

 Vehicle’s age 

Inter-municipal 
H de Kruskal-Wallis 11,268 

Gl 3 

Sig. 0,010 

Intra-municipal 

H de Kruskal-Wallis 2,939 

Gl 3 

Sig. 0,401 

 

Table A3. 3 shows only the results for inter-municipal trips since intra-municipal trip 

groups are equal. As seen in the highlighted values the only two groups of household income 

that presents differences on owned vehicle’s age are higher and moderate incomes, which might 

mean that people with higher purchasing power buy new vehicles more often. 

Test Statistics 

 Transport mode 

Inter-municipal 

H de Kruskal-Wallis 46,839 

Gl 5 

Sig. 0,000 

Intra-municipal 

H de Kruskal-Wallis 48,269 

Gl 5 

Sig. 0,000 
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It is clear that people with higher incomes according to their household have newer 

vehicles when compared with people with moderate and worse household incomes. 

Nevertheless, as seen in Table 44, the amount of city and familiar vehicles is very similar 

representing 29,2% and 28,4% of the total respondents. 

Table 44-Private vehicles by age and income 

 My household income allows me to live with… 
 

…struggle …moderation … ease Rather not answer Total 

City 0,4% 18,4% 8,4% 2,0% 29,2% 

< 2 years 0,0% 0,4% 2,4% 0,4% 3,2% 

2 to 5 years 0,0% 5,2% 2,4% 0,0% 7,6% 

5 to 10 years 0,0% 5,2% 2,0% 0,4% 7,6% 

>10 years 0,4% 7,6% 1,6% 1,2% 10,8% 

Familiar 0,4% 18,4% 7,6% 2,0% 28,4% 

< 2 years 0,0% 0,4% 2,8% 0,0% 3,2% 

2 to 5 years 0,0% 5,2% 2,8% 0,4% 8,4% 

5 to 10 years 0,0% 5,6% 1,6% 1,2% 8,4% 

>10 years 0,4% 7,2% 0,4% 0,4% 8,4% 

Outro 0,0% 1,2% 0,0% 0,0% 1,2% 

<2 years 0,0% 1,2% 0,0% 0,0% 1,2% 

SUV 0,0% 3,6% 0,8% 0,0% 4,4% 

< 2 years 0,0% 1,6% 0,0% 0,0% 1,6% 

2 to 5 years 0,0% 1,2% 0,0% 0,0% 1,2% 

5 to 10 years 0,0% 0,4% 0,4% 0,0% 0,8% 

>10 years 0,0% 0,4% 0,4% 0,0% 0,8% 

Motorcycle 1,6% 18,0% 12,8% 3,2% 35,6% 

2 to 5 years 1,6% 18,0% 12,8% 3,2% 35,6% 

5 to 10 years 0,4% 0,8% 0,0% 0,0% 1,2% 

>10 years 0,4% 0,0% 0,0% 0,0% 0,4% 

Total 0,0% 0,4% 0,0% 0,0% 0,4% 
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In Table 45, with the objective of relating satisfaction with transport mode and trip 

duration, a Spearman correlation was run. Since significance is below 0,05, the variables are 

considered to be correlated, which means that the transport mode and trip duration have 

influence on the level of satisfaction with the daily trip, as expected. 

Table 45- Spearman correlation between satisfaction with duration and transport mode 

Correlations – Spearman’s rho 

Inter-municipal Satisfaction Duration Transport mode 

Satisfaction Correlation coefficient 1,000 -0,365 -0,339 

Sig. - 0,000 0,000 

N 156 156 156 

Duration Correlation coefficient -0,365 1,000 0,448 

Sig. two-tailed 0,000 . 0,000 

N 156 156 156 

Transport mode Correlation coefficient -0,339 0,448 1,000 

Sig. two-tailed 0,000 0,000 - 

N 156 156 156 

Intra-municipal Satisfaction Duration Transport mode 

Satisfaction Correlation coefficient 1,000 -0,448 -0,192 

Sig. two-tailed - 0,000 0,063 

N 94 94 94 

Duration Correlation coefficient -0,448 1,000 0,121 

Sig. two-tailed 0,000 - 0,245 

N 94 94 94 

Transport mode Correlation coefficient -0,192 0,121 1,000 

Sig. two tailed 0,063 0,245 - 

N 94 94 94 

 

Table 46 shows the distribution of trip duration by transport mode on a scale of 

satisfaction from 1 to 5, where 1 means very unsatisfied and 5 means very satisfied. The 

respondents that usually commute mainly by foot or bicycle are majorly satisfied with their trip, 

with 86,7% (2,8% with satisfaction 4 and 2,4% with satisfaction 5 out of 6% that walk or take a 

bicycle)), as seen in Table 46. Respondents that travel in their private vehicle or public 

transportation show a decrease of satisfaction along with an increase on travel time, however 

for the same duration public transport users are always less satisfied than private vehicle users. 

When looking separately, people that commute by public transports are less satisfied with trips 

between 10 minutes to one hour when their daily trip is inside the same municipality, while 

people that travel in their private vehicle are more satisfied. 
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Table 46-Satisfaction with daily trip by transport mode and duration. 

 
1 2 3 4 5 Total 

Walk or bicycle 0,0% 0,4% 0,4% 2,8% 2,4% 6,0% 

Less than 10 minutes 0,0% 0,0% 0,0% 1,6% 2,0% 3,6% 

10 to 30 minutes 0,0% 0,4% 0,4% 1,2% 0,0% 2,0% 

More than 60 minutes 0,0% 0,0% 0,0% 0,0% 0,4% 0,4% 

Public transport 1,6% 6,8% 14,4% 6,8% 0,0% 29,6% 

Less than 10 minutes 0,0% 0,0% 0,4% 0,0% 0,0% 0,4% 

10 to 30 minutes 0,4% 0,8% 3,6% 2,4% 0,0% 7,2% 

30 to 60 minutes 0,0% 2,8% 9,2% 3,2% 0,0% 15,2% 

More than 60 minutes 1,2% 3,2% 1,2% 1,2% 0,0% 6,8% 

Private vehicle as a driver 1,2% 2,4% 18,0% 24,4% 12,0% 58,0% 

Less than 10 minutes 0,0% 0,0% 2,4% 2,8% 5,2% 10,4% 

10 to 30 minutes 0,0% 1,2% 11,2% 14,0% 5,2% 31,6% 

30 to 60 minutes 0,8% 0,8% 3,6% 7,2% 1,2% 13,6% 

More than 60 minutes 0,4% 0,4% 0,8% 0,4% 0,4% 2,4% 

 

To relate accessibility to public transportation with chosen transport mode, a Spearman 

correlation was run, as presented in Table 47. It can be seen that for inter-municipal trips the 

transport mode is correlated only with accessibility in the destination, while for intra-municipal 

trips it is correlated with both accessibilities but more with destination accessibility to public 

transport. 
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Table 47-Spearman correlation between public transport accessibilities and transport mode 

Correlations – Spearman’s rho 

Inter-municipal at residence on the destination Transport mode 

at residence Correlation coefficient 1,000 0,317 0,136 

Sig. - 0,000 0,093 

N 154 151 154 

on the destination Correlation coefficient 0,317 1,000 0,364 

Sig. two-tailed 0,000 - 0,000 

N 151 153 153 

Transport mode Correlation coefficient 0,136 0,364 1,000 

Sig. two-tailed 0,093 0,000 - 

N 154 153 156 

Intra-municipal at residence on the destination Transport mode 

at residence Correlation coefficient 1,000 0,686 0,205 

Sig. two-tailed - 0,000 0,047 

N 94 93 94 

on the destination Correlation coefficient 0,686 1,000 0,383 

Sig. two-tailed 0,000 - 0,000 

N 93 93 93 

Transport mode Correlation coefficient 0,205 0,383 1,000 

Sig. two tailed 0,047 0,000 - 

N 94 93 94 

 

It is interesting to notice that for all the public transport accessibility possibilities (from 

1 to 5), the majority of the respondents attributed the same evaluation for accessibility in area 

of residence and for their workplace. In these situations, it is also noticeable that the percentage 

of respondents that use private vehicle are very superior to the ones that use public transport 

until satisfaction level of 4, where the difference is smaller and 5 where the distribution is almost 

the same (2,2% for private vehicle and 2,5% for public transports). However, people that move 

between municipalities declare to have worse accessibility both in their residence and destiny 

municipalities with about the double of people declaring accessibilities of 1 or 2. Another 

interesting fact is that even with better accessibilities (4 or 5) some of the supposed public 

transport trips are replaced with walking or biking. Therefore, Table A3. 4 shows the most 

meaningful public transport accessibilities in residence and destination. 

For those variables whose SPSS tests revealed not to be significative some interesting 

results are shown next. 

The distribution between men and women is similar, and in fact, Mann Whitney test 

reveals that there is no influence of gender on movement’s purpose. The main reason for of the 

population movements is Home-work/school-work with 74,0% (40,8% of women and 33,2% of 

men), seen in “General” section of Table 45. In the same table, it is seen that  almost the double 

number of women make stops in school to drop their children, which does not change when 

considering only one of the trip modalities. In fact the most notorious difference resides on men 

that do home-work-home, where the percentage of man that do this kind of trip increases from 

68.6% in inter-municipality to 79,5% in intra-municipality, which does not happen with women 

as seen in “By gender” section of Table 48. 
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Table 48-Purpose of trip distribution by gender 

 General By gender 

Purpose Women Men Total Women Men Total 

Personal activities 1,2% 2,0% 3,2% 2,2% 4,4% 3,2% 

Social activities 0,4% 1,6% 2,0% 0,7% 3,5% 2,0% 

Home-School-Work-School-Home 8,4% 4,8% 13,2% 15,4% 10,5% 13,2% 

Home-Work/School-Home 40,8% 33,2% 74,0% 75,0% 72,8% 74,0% 

Essential items shopping 2,0% 0,8% 2,8% 3,7% 1,8% 2,8% 

Other shopping 0,4% 0,4% 0,8% 0,7% 0,9% 0,8% 

Other 0,4% 0,8% 1,2% 0,7% 1,8% 1,2% 

Health 0,8% 2,0% 2,8% 1,5% 4,4% 2,8% 

Total    100,0% 100,0% 100,0% 

Inter-municipal 

Personal activities 0,4% 0,8% 1,2% 1,2% 2,9% 1,9% 

Social activities 0,4% 1,6% 2,0% 1,2% 5,7% 3,2% 

Home-School-Work-School-Home 5,6% 3,2% 8,8% 16,3% 11,4% 14,1% 

Home-Work/School-Home 26,0% 19,2% 45,2% 75,6% 68,6% 72,4% 
Essential items shopping 1,2% 0,4% 1,6% 3,5% 1,4% 2,6% 

Other shopping 0,4% 0,4% 0,8% 1,2% 1,4% 1,3% 

Other 0,0% 0,8% 0,8% 0,0% 2,9% 1,3% 

Health 0,4% 1,6% 2,0% 1,2% 5,7% 3,2% 

Total    100,0% 100,0% 100,0% 

Intra-municipal 

Personal activities 0,8% 1,2% 2,0% 4,0% 6,8% 5,3% 

Home-School-Work-School-Home 2,8% 1,6% 4,4% 14,0% 9,1% 11,7% 

Home-Work/School-Home 14,8% 14,0% 28,8% 74,0% 79,5% 76,6% 

Enssential items shopping 0,8% 0,4% 1,2% 4,0% 2,3% 3,2% 

Other 0,4% 0,0% 0,4% 2,0% 0,0% 1,1% 

Health 0,4% 0,4% 0,8% 2,0% 2,3% 2,1% 

Total    100,0% 100,0% 100,0% 

 

There is not a meaningful difference between public transportation versus private 

vehicle in intercity movements and movements inside the municipality, as is proven by the Mann 

Whitney test. In spite of that, it is interesting to notice, in Table 49, that intra-municipality trips 

lose percentage in public transportation that is gained by walking or cycling. 

Table 49-Transport mode distribution by trip modality 

Transport mode Inter-municipal Intra-municipal Total 

Walk or bicycle 0,0% 16,0% 6,0% 

Public transport 34,0% 22,3% 29,6% 

Private vehicle as a driver 59,6% 55,3% 58,0% 

Private vehicle as a passenger 6,4% 5,3% 6,0% 

Shared vehicle 0,0% 1,1% 0,4% 

Total 100,0% 100,0% 100,0% 

 

Considering rush-hour, 54,6% of people that travel in this period twice a day make the 

trip in their private car while 37,5% take public transportation, as seen in  

Table 50, however this percentage represents 77,0% of all the people that take public 

transportation (as seen in Table 51). On the other hand, if considering trips done out of this 
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period only 8,8% are done by public transportation and 79,4% are done in a private vehicle, 

representing although, only 18,6% of the trips done by private vehicle. 

 

Table 50-Travel period distribution by transport mode 

Transport mode In both periods In  the morning In the afternoon No Total 

Walk or bicycle 3,9% 11,4% 10,0% 5,9% 6,0% 

Public transport 37,5% 15,9% 35,0% 8,8% 29,6% 

Private vehicle as a driver 54,6% 54,5% 55,0% 79,4% 58,0% 

Private vehicle as a passenger 3,3% 18,2% 0,0% 5,9% 6,0% 

Shared vehicle 0,7% 0,0% 0,0% 0,0% 0,4% 

Total 100,0% 100,0% 100,0% 100,0% 100,0% 

 

Table 51-Transport mode distribution by travel period 

Transport mode In both periods In  the morning In the afternoon No Total 

Walk or bicycle 40,0% 33,3% 13,3% 13,3% 100,0% 

Public transport 77,0% 9,5% 9,5% 4,1% 100,0% 

Private vehicle as a driver 57,2% 16,6% 7,6% 18,6% 100,0% 

Private vehicle as a passenger 33,3% 53,3% 0,0% 13,3% 100,0% 

Shared vehicle 100,0% 0,0% 0,0% 0,0% 100,0% 

Total 60,8% 17,6% 8,0% 13,6% 100,0% 

 

In Table 52, it is noticed that both periods rush-hour travel are more common in inter-

municipal trips. 

Table 52-Transport mode distribution by travel period divided in intra and inter-municipal trips. This 

table presents the general results for each trip modality. 

Transport mode In both periods In  the morning In the afternoon No Total 

Inter-municipal 

Public transport 26,3% 2,6% 3,8% 1,3% 34,0% 

Private vehicle as a driver 35,9% 10,3% 3,8% 9,6% 59,6% 

Private vehicle as a passenger 2,6% 2,6% 0,0% 1,3% 6,4% 

Total 64,7% 15,4% 7,7% 12,2% 100,0% 

Intra-municipal 

Walk or bicycle 6,4% 5,3% 2,1% 2,1% 16,0% 

Public transport 17,0% 3,2% 1,1% 1,1% 22,3% 

Private vehicle as a driver 28,7% 8,5% 5,3% 12,8% 55,3% 

Private vehicle as a passenger 1,1% 4,3% 0,0% 0,0% 5,3% 

Shared vehicle 1,1% 0,0% 0,0% 0,0% 1,1% 

Total 54,3% 21,3% 8,5% 16,0% 100,0% 

 

35,4% of the trips in a private vehicle are done in a car occupied by only the driver that 

is employed with a moderate household income. It is easily noticeable, in Table A3. 5, the 

decrease of frequency with the number of people in the vehicle with 64,0% transporting only 
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the driver, 19,9% transporting two people, 12,4% transporting three, 3,1% transporting 4 and 

only 0,6% representing 1 out of 250 answers transporting five. 

Concerning the existing shared alternatives presented in the survey, younger people 

(below 18) do not refuse to try and while the majority would like to try, about 30% of people 

under 35 state that they would not like to try the shared alternatives. On the other hand, people 

above 50 are mainly divided between “would like to try” and “would not like to try” with both 

options being near 50% of the respondents’ choices. This conclusion meets the (Bansal, 

Kockelman, and Singh 2014) study that says younger people are more open to use new mobility 

alternatives. 

Table 53 presents the result only for shared cars, but as will be seen in Table 54, the 

distribution between alternatives is very similar. 

Table 53- Willingness to use alternative option by age (shared cars) 

 
Less than 
18 years 

18 to 
25 years 

26 to 
35 years 

36 to 
50 years 

51 to 
65 years 

More than 
65 years 

Total 

I use them often 0,0% 4,2% 7,4% 1,4% 1,4% 20,0% 3,2% 

I have tried them 50,0% 21,1% 14,8% 7,1% 12,3% 0,0% 14,0% 

I have not tried them but would like to 50,0% 46,5% 48,1% 54,3% 39,7% 40,0% 46,8% 

I have not tried nor want to 0,0% 28,2% 29,6% 37,1% 46,6% 40,0% 36,0% 

Total 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 

 

Looking into the same question and separating inter-municipal commuters and intra-

municipal commuter, as in Table 54, while about the same percentage states to have tried, those 

who haven’t tried are more willing in the first case, however the second ones use it frequently 

five times more. 

Table 54-Willingness to use different shared alternatives by inter and intra- municipal commuters 

 
Car Bicycle Motorcycle Scooter 

Inter-municipal 

I use them often 1,9% 1,3% 1,3% 1,3% 

I have tried them 13,5% 13,6% 13,6% 13,5% 

I have not tried them but would like to 51,3% 51,9% 51,9% 51,6% 

I have not tried nor want to 33,3% 33,1% 33,1% 33,5% 

Total 100,0% 100,0% 100,0% 100,0% 

Intra-municipal 

I use them often 5,3% 5,4% 5,5% 5,4% 

I have tried them 14,9% 15,2% 14,3% 15,2% 

I have not tried them but would like to 39,4% 39,1% 38,5% 38,0% 

I have not tried nor want to 40,4% 40,2% 41,8% 41,3% 

Total 100,0% 100,0% 100,0% 100,0% 
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4.1.3. Alternative choice analysis 

The first analysis will address which groups are different for the whole sample. After 

that, the relevant groups will be analysed separately for each commuting modality. 

Table 55 presents the distribution between alternative choices in each scenario. 

Alternative 3 is always the most frequently chosen. The table where alternative 3 is less chosen 

is Table 3, with a percentage of 39,2%. Table 3 presented the worst time and price for alternative 

3 while alternative 1 and 2 presented the best possible time and prices. While the scenario that 

presents the highest percentage of choice on alternative 3 is scenario 5 that presents the best 

time and price when compared with alternative 2 that presents the worst. 

Table 55- Alternative choice distribution 

Table Alternative 1 Alternative 2 Alternative 3 

1 30,8% 28,4% 40,8% 

2 22,8% 31,2% 46,0% 

3 25,2% 35,6% 39,2% 

4 23,2% 33,2% 43,6% 

5 23,6% 28,8% 47,6% 

6 20,0% 36,0% 44,0% 

7 19,6% 34,0% 46,4% 

8 19,6% 36,4% 44,0% 

Average 23,0% 33,0% 44,0% 

 

The tests presented next are those that have showed differences between groups and 

are related to the typical trip and individual characterization. 

The Kruskal Wallis test was used to compare ages showing the existence of significant 

differences (p-value bellow 0,05), in all the alternative choice scenarios, as seen in Table 56. This 

difference was already expected since in the very beginning is said that age affects the 

willingness to accept autonomous and shared vehicles, and so it does when both modalities are 

joined. It is also said that younger people are more willing to adopt and older people are less 

willing to adopt the said technologies. As seen in Table A3. 6, the age group between 18 and 25 

years present differences in alternative choice for every table with the group aged between 51 

to 65 years and with the group aged between 36 and 50 years for table 1 to 5. 

Table 56-Kruskall Wallis test results for every table grouped by age 

Test Statistics 
 Table 1 Table 2 Table 3 Table 4 Table 5 Table 6 Table 7 Table 8 

H de Kruskal-Wallis 16,880 20,594 16,376 12,693 13,970 11,263 17,995 11,782 

gl 5 5 5 5 5 5 5 5 

Sig. 0,005 0,001 0,006 0,026 0,016 0,046 0,003 0,038 

 

To ease the analysis of each group effect on alternative choice Table 57 presents an 

average of percentage of choice in the eight tables. It is possible to observe that younger groups 

prefer alternative 3 more clearly than older groups where the percentages between each 

alternative are more similar. In this table, it is also seen that the groups identified (18 to 25, 36 

to 50 and 51 to 65) in Table 58, are different. In fact the first group present visible differences in 

alternative choice from the others with more than 50% choice in alternative 3. 
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Table 57-Alternative choice distribution by age 

Age Alternative 1 Alternative 2 Alternative 3 

Less than 18 years 12,5% 50,0% 37,5% 

18 to 25 years 9,3% 33,8% 56,9% 

26 to 35 years 17,6% 29,6% 52,8% 

36 to 50 years 27,9% 35,2% 37,0% 

51 to 65 years 34,8% 29,5% 35,8% 

More than 65 years 20,0% 45,0% 35,0% 

Total 23,1% 33,0% 44,0% 

 

Testing the significance of transport mode usually used when choosing alternatives 

through a Kruskal Wallis test, it is noticed that the choice is affected the type of transport used 

for every table, as seen in Table 58. 

Table 58- Kruskall Wallis test results for every table grouped by transport mode 

Test Statistics 

 Table 1 Table 2 Table 3 Table 4 Table 5 Table 6 Table 7 Table 8 
H de Kruskal-Wallis 20,842 18,152 18,266 10,775 17,621 10,792 17,373 13,467 

Gl 4 4 4 4 4 4 4 4 

Sig. 0,000 0,001 0,001 0,029 0,001 0,029 0,002 0,009 

 

Table A3. 7 shows that the group of those who commute in a private vehicle as a driver 

present differences, in alternative choice, from the other groups in every table except table 4. 

In the first, this group is different from all the others. In tables 2, 6, 7 and 8, the group shows a 

difference in choice only compared to those who commute by public transport. While in tables 

3 and 5 the difference is also seen with those that walk or take a bicycle. It was expected that 

drivers would be more resilient in a change of behaviour since hardly trade privacy and the 

comfort they already have in their trip. 

In Table 59, to facilitate the comprehension of how groups differ in alternative choice 

the average for the eight tables is presented. The groups identified as different (public transport 

and Private vehicle as a driver) present in fact very different distributions. 

Table 59- Alternative choice distribution by transport mode 

Transport mode Alternative 1 Alternative 2 Alternative 3 

Walk or bicycle 2,5% 38,3% 59,2% 
Public transport 14,2% 31,8% 54,1% 

Private vehicle as a driver 31,8% 32,2% 36,0% 

Private vehicle as a passenger 5,0% 42,5% 52,5% 

Total 23,2% 33,0% 43,8% 

 

Travelling in rush-hour or at another time has shown to be one of the potential 

differences, as the Kruskall Wallis test in Table 60 reports, mainly in what concerns the tables 3 

to 8. Which makes sense since rush-hour trips are marked by intense traffic and overcrowded 

public transportation. In Table A3. 8 is seen that for tables 3 and 4 the group that never travels 

in rush-hour is different from the others, while in table 6 and 7 the same group is only different 

from those who travel twice in the rush-hour. 
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Table 60- Kruskall Wallis test results for every table grouped by travel period 

Test Statistics 

 Table 1 Table 2 Table 3 Table 4 Table 5 Table 6 Table 7 Table 8 

H de Kruskal-Wallis 5,563 3,229 12,250 14,776 8,064 10,194 8,061 8,061 

gl 3 3 3 3 3 3 3 3 

Sig. ,135 ,358 ,007 ,002 ,045 ,017 ,045 ,045 

 

Table 61 presents the average distribution of choice between alternatives according to 

travel period where is noticed that Alternative 3 is mainly chosen by those who commute in at 

least on rush-hour period. 

Table 61-Alternative choice distribution by travel in rush-hour periods 

Rush-hour travel Alternative 1 Alternative 2 Alternative 3 

No 39,7% 33,6% 26,7% 

Yes, in the morning 19,7% 28,5% 51,8% 

Yes, in the afternoon 17,8% 25,1% 57,0% 

Yes, in both periods 21,4% 35,0% 43,6% 

Total 23,3% 32,9% 43,8% 

 

The Kruskall Wallis test showed that the experience with new mobility alternatives 

already available in Lisbon has influence on the alternative choice as showed in Table 62. This 

conclusion makes sense since it shows the availability each respondent has for trying new 

mobility alternatives. 

Table 62- Kruskall Wallis test results for every table grouped by experience with shared alternatives 

Test Statistics 

 Table 1 Table 2 Table 3 Table 4 Table 5 Table 6 Table 7 Table 8 

Shared car 

H de Kruskal-Wallis 12,899 13,127 16,569 14,129 11,330 14,506 15,954 16,362 

gl 3 3 3 3 3 3 3 3 

Sig. ,005 ,004 ,001 ,003 ,010 ,002 ,001 ,001 

Shared bicycle 

H de Kruskal-Wallis 24,546 18,671 14,628 15,651 11,953 11,241 11,997 14,566 

gl 3 3 3 3 3 3 3 3 

Sig. ,000 ,000 ,002 ,001 ,008 ,010 ,007 ,002 

Shared motorcycle 

H de Kruskal-Wallis 16,064 17,391 7,867 14,827 15,225 7,095 9,777 8,052 
gl 3 3 3 3 3 3 3 3 

Sig. ,001 ,001 ,049 ,002 ,002 ,069 ,021 ,045 

Shared scooter 

H de Kruskal-Wallis 11,877 10,266 6,627 11,501 6,271 3,224 8,684 5,931 

gl 3 3 3 3 3 3 3 3 

Sig. ,008 ,016 ,085 ,009 ,099 ,358 ,034 ,115 

 

To simplify the analysis and relation between each shared vehicle on alternative choice, 

Table A3. 9, only presents the significances for each alternative where the p-values<0,05 are 

highlighted. It was expected that those who refuse to try would present a different behaviour 

from the others, which is verified. 
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Since the experience with new shared alternatives is not related with the daily typical 

trip the distribution will be analysed in intra and inter-municipal. Only people that state would 

not like to try the substitute modes present higher percentages in alternative 1 than in the other 

two, but even inside this group those who commute to a different municipality show a higher 

availability to use alternative 3, as seen in Table A3. 10. 

When analysing the results for alternative choices in inter and intra-municipal trips in 

SPSS, it can be seen that the mean ranks (Table 63) are not very different between the two trip 

modalities. In fact, when applying the Mann Whitney test all the p-values (Table 64) are above 

0.05. This means that the groups (inter an intra-municipal) are not significantly different.  

Table 63-Mean Rank for trip modalities for Mann Whitney test results regarding alternative choice 

scenarios 

Ranks 

 Modality N Mean Rank Sum of Ranks 

Table 1 Inter-municipal 156 124,53 19426,50 

Intra-municipal 94 127,11 11948,50 

Total 250   

Table 2 Inter-municipal 156 125,09 19514,00 

Intra-municipal 94 126,18 11861,00 
Total 250   

Table 3 Inter-municipal 156 123,16 19213,50 

Intra-municipal 94 129,38 12161,50 

Total 250   

Table 4 Inter-municipal 156 125,25 19539,00 

Intra-municipal 94 125,91 11836,00 

Total 250   

Table 5 Inter-municipal 156 124,88 19481,50 

Intra-municipal 94 126,53 11893,50 

Total 250   

Table 6 Inter-municipal 156 125,18 19528,00 

Intra-municipal 94 126,03 11847,00 

Total 250   

Table 7 Inter-municipal 156 124,21 19377,00 

Intra-municipal 94 127,64 11998,00 

Total 250   

Table 8 Inter-municipal 156 125,15 19523,50 

Intra-municipal 94 126,08 11851,50 

Total 250   

 

Table 64-P-value trip modalities for every table-Mann Whitney test results 

 

Nonetheless, while looking at the results as a whole the distribution in alternatives 

choices is similar for every table, with Alternative 3 being the most preferred choice with an 

average of 44,0% while alternatives 1 and 2 scored an average of 23,0% and 33,0% respectively. 

Test Statistics 

 Table 1 Table 2 Table 3 Table 4 Table 5 Table 6 Table 7 Table 8 

U de Mann-Whitney 7180,5 7268,0 6967,5 7293,0 7235,5 7282,0 7131,0 7277,5 

Wilcoxon W 19426,5 19514,0 19213,5 19539,0 19481,5 19528,0 19377,0 19523,5 

Z -0,292 -0,125 -0,702 -0,076 -0,188 -0,097 -0,393 -0,106 

Sig. 0,771 0,901 0,483 0,940 0,851 0,922 0,694 0,915 
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If the results are analysed disjoined in intra-municipal and inter-municipal trips, it is noticed that 

the pattern of preferences is the same, which was expected due to Mann Whitney test results. 

In intra-municipal trips alternative 1 and 3 are chosen more often than in inter-municipal trips, 

while alternative 2 is chosen less often. This can be perceived in Table 65.  

Table 65-Alternative choice for each table and average 

Table Modality Alternative 1 Alternative 2 Alternative 3 Total 

1 Inter-municipal 30,1% 30,8% 39,1% 100,0% 

Intra-municipal 31,9% 24,5% 43,6% 100,0% 

Total 30,8% 28,4% 40,8% 100,0% 

2 Inter-municipal 21,8% 33,3% 44,9% 100,0% 

Intra-municipal 24,5% 27,7% 47,9% 100,0% 

Total 22,8% 31,2% 46,0% 100,0% 

3 Inter-municipal 25,0% 38,5% 36,5% 100,0% 

Intra-municipal 25,5% 30,9% 43,6% 100,0% 

Total 25,2% 35,6% 39,2% 100,0% 

4 Inter-municipal 21,8% 35,9% 42,3% 100,0% 

Intra-municipal 25,5% 28,7% 45,7% 100,0% 

Total 23,2% 33,2% 43,6% 100,0% 

5 Inter-municipal 22,4% 31,4% 46,2% 100,0% 

Intra-municipal 25,5% 24,5% 50,0% 100,0% 

Total 23,6% 28,8% 47,6% 100,0% 

6 Inter-municipal 19,9% 36,5% 43,6% 100,0% 

Intra-municipal 20,2% 35,1% 44,7% 100,0% 

Total 20,0% 36,0% 44,0% 100,0% 

7 Inter-municipal 19,2% 35,9% 44,9% 100,0% 

Intra-municipal 20,2% 30,9% 48,9% 100,0% 

Total 19,6% 34,0% 46,4% 100,0% 

8 Inter-municipal 18,6% 38,5% 42,9% 100,0% 

Intra-municipal 21,3% 33,0% 45,7% 100,0% 

Total 19,6% 36,4% 44,0% 100,0% 

Average Inter-municipal 22,4% 35,1% 42,5% 100,0% 

Intra-municipal 24,3% 29,4% 46,3% 100,0% 

Total 23,0% 33,0% 44,0% 100,0% 

 

Nonetheless, it should be interesting to understand if inside the groups that presented 

differences related to the typical trip  that differences are seen in intra and inter-municipal 

commuting For that reason, next are presented, Kruskal Wallis tests an Bonferroni corrections 

for age, transport mode and rush hour commuting, when data is divided in inter and intra-

municipal groups. Kruskal Wallis test was then run to age groups related to alternative choices 

dividing the groups in those who commute inter and intra-municipally. In Table 66 are 

highlighted the tables that are significantly different. 
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Table 66- Kruskall Wallis test results for every table grouped by age for inter and intra-municipal 

commuting 

 

SPSS could only run Bonferroni correction to the intra-municipal data (see Table A3. 11), 

however the results show the same relation as when analysing the whole sample, younger and 

older groups present different choices. 

 In fact, in Table A3. 12 it is seen that the pointed out groups are different with people 

with ages between 18 and 25 showing a clear preference for alternative 3 both in inter and intra 

municipal trips and people aged 51 to 65 presenting a more homogeneous choice. It is also 

important to denote that the group with ages between 26 to 35 that for intra-municipal trips 

presents very high percentages in alternative 3, with table 5 exceeding 80% choice. 

Kruskal Wallis test was run also for transport mode, the tables that showed significative 

differences are highlighted in  Table 67. 

 Table 67-Kruskal Wallis test results for every table grouped by transport modes for intra and inter-

municipal commuting 

 

Bonferroni correction applied to those tables that have showed differences in  Table 67 

present the results in Table A3. 13 and Table A3. 14. Those that travel inter-municipally present 

differences for every of highlighted tables except table 8 between the groups that drive their 

vehicle and those who take public transport. This meets the previous conclusions. Once again is 

seen that drivers present a different behaviour in the choice activity, showing a decreased 

preference for alternative 3 when compared with the other commuters. 

Focusing on transport modes, Table A3. 15 presents the distribution in each alternative 

for every table according to usually used transport mode. Since the Kruskal Wallis test showed 

a big difference between groups, those should be analysed carefully. The intra-municipality 

commuters that walk or cycle in their routine trip present a bigger percentage of choice on 

alternative 3 for every table. For alternative 2 the percentage is equal or above 40% when 

Test Statistics 

 Table 1 Table 2 Table 3 Table 4 Table 5 Table 6 Table 7 Table 8 

Inter-municipal 

H de Kruskal-Wallis 9,373 9,892 5,810 2,878 8,932 4,793 8,052 6,478 

gl 2 2 2 2 2 2 2 2 

Sig. 0,009 0,007 0,055 0,237 0,011 0,091 0,018 0,039 

Intra-municipal 

H de Kruskal-Wallis 11,951 9,757 12,772 8,818 9,661 6,040 9,516 6,962 

gl 4 4 4 4 4 4 4 4 

Sig. 0,018 0,045 0,012 0,066 0,047 0,196 0,049 0,138 

Test Statistics 

 Table 1 Table 2 Table 3 Table 4 Table 5 Table 6 Table 7 Table 8 

Inter-municipal 

H de Kruskal-Wallis 10,976 13,914 8,025 6,840 10,533 3,989 11,173 4,207 
gl 5 5 5 5 5 5 5 5 

Sig. 0,052 0,016 0,155 0,233 0,061 0,551 0,048 0,520 

Intra-municipal 

H de Kruskal-Wallis 15,307 13,754 13,219 12,726 11,247 11,614 13,782 12,322 

gl 5 5 5 5 5 5 5 5 

Sig. 0,009 0,017 0,021 0,026 0,047 0,040 0,017 0,031 
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alternative 2 show its best price and time and, also in table 7, where despite the worst possible 

prices is presented the best possible time. For those who travel regularly by public 

transportation the choice was divided between alternative 3 and 2 with similar percentages. An 

exception to this pattern can be observed in table 5, where the worst time and price for 

alternative 2 are presented along with the best values for price and time, with results revealing 

a higher choice for alternative 3. In the intra-municipal group, only those who drive their private 

vehicle choose alternative 1, however, with an average percentage very similar to alternative 3 

denoting the preference for alternative 1 when this presented the best price, even when the 

time was the worst. Whereas the inter-municipality public transport commuters always opt for 

alternative 3 with the lowest percentage in table 3 where the other alternatives present the best 

scenarios and alternative 3 presents the worst. For those who commute on their private vehicles 

the choice fell mainly on alternative 2 but with an average percentage very close to alternative 

3 (tables 4 e 5). 

Relating to rush-hour commuting the Kruskal Wallis test found differences in table 4 for 

inter-municipal trips and in tables 3 to 5 in intra-municipal trips, as highlighted in Table 68. 

Table 68-Kruskal Wallis test results for every table grouped by rush-hour period for intra and inter-

municipal commuting 

Test Statistics 

 Table 1 Table 2 Table 3 Table 4 Table 5 Table 6 Table 7 Table 8 

Inter-municipal 

H de Kruskal-Wallis 2,343 1,244 6,442 7,891 5,604 5,818 3,057 2,994 

gl 3 3 3 3 3 3 3 3 

Sig. 0,504 0,742 0,092 0,048 0,133 0,121 0,383 0,393 

Intra-municipal 

H de Kruskal-Wallis 6,887 5,596 9,944 8,887 7,973 5,430 7,790 5,789 
gl 3 3 3 3 3 3 3 3 

Sig. 0,076 0,133 0,019 0,031 0,047 0,143 0,051 0,122 

 

For rush-hour the Bonferroni correction only showed differences between the groups in 

intra-municipal trips, Table 69, shows the Bonferroni correction for table 4 in inter-municipal 

trips and there are no differences between the groups. As seen in Table 70, in table 3 and 5 

those who commute in the morning rush-hour period present differences from those who never 

commute in rush hour. And in table 4 the difference is found between those who commute twice 

in the rush our period and those who never commute in the rush hour period. Once again those 

who commute out of the rush-hour period presented a different behaviour than those who 

travel in at least of the rush hour periods. 
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Table 69-Bonferoni correction to travel period on alternative choice in inter- municipal commuting 

Multiple corrections 

(I) Rush-hour (J) Rush-hour Mean Rank Difference 
(I-J) 

Error Sig. 

Table 4 

Yes, in both periods Yes, in the morning -0,084 0,174 1,000 

Yes, in the afternoon -0,375 0,234 0,662 

No 0,366 0,191 0,347 

Yes, in the morning Yes, in both periods 0,084 0,174 1,000 

Yes, in the afternoon -0,292 0,271 1,000 

No 0,450 0,235 0,346 

Yes, in the afternoon Yes, in both periods 0,375 0,234 0,662 

Yes, in the morning 0,292 0,271 1,000 

No 0,741 0,282 0,057 

No Yes, in both periods -0,366 0,191 0,347 
Yes, in the morning -0,450 0,235 0,346 

Yes, in the afternoon -0,741 0,282 0,057 

 

Table 70-Bonferoni correction to travel period on alternative choice in intra-municipal commuting 

(I) Rush-hour (J) Rush-hour (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 3 Table 4 Table 5 

Yes, in both periods Yes, in the morning -0,354 0,207 0,541 0,265 0,210 1,000 -0,345 0,215 0,672 

Yes, in the afternoon 0,071 0,298 1,000 0,250 0,333 1,000 0,130 0,310 1,000 

No 0,529 0,230 0,142 0,833 0,272 0,017 0,455 0,239 0,363 

Yes, in the morning Yes, in both periods 0,354 0,207 0,541 0,015 0,303 1,000 0,345 0,215 0,672 

Yes, in the afternoon 0,425 0,328 1,000 -0,250 0,333 1,000 0,475 0,341 1,000 

No 0,883 0,267 0,008 0,583 0,348 0,585 0,800 0,278 0,030 

Yes, in the afternoon Yes, in both periods -0,071 0,298 1,000 -0,569 0,234 0,102 -0,130 0,310 1,000 

Yes, in the morning -0,425 0,328 1,000 -0,833 0,272 0,017 -0,475 0,341 1,000 

No 0,458 0,343 1,000 -0,583 0,348 0,585 0,325 0,357 1,000 

No Yes, in both periods -0,529 0,230 0,142 0,265 0,210 1,000 -0,455 0,239 0,363 

Yes, in the morning -0,883 0,267 0,008 0,250 0,333 1,000 -0,800 0,278 0,030 

Yes, in the afternoon -0,458 0,343 1,000 -0,583 0,348 0,585 -0,325 0,357 1,000 

 

 

Rush-hour public transportation commuters prefer alternative 3 for inter-municipality 

trips (seen in Table A3. 16) but the respondents that do not go out of the residence municipality 

and take public transports are evenly divided between alternative 2 and 3 showing a higher 

preference for alternative 2 when this is presented in its best scenario and for alternative 3 when 

two is presented in its worst. Those who commute in a private vehicle as a driver prefer 

alternative 2 for inter-municipality trips and the intra-municipality commuters are, once again, 

mainly divided between alternative 1 and 3, despite the minimal difference for alternative 2. For 

people that travel only once a day in rush-hour period the choices fall majorly on alternative 3, 

however is interesting to denote some cases despite these groups being smaller that the group 

that travels twice in the rush-hour period. The inter-municipality private vehicle commuters 

prefer 3 but with percentages very similar to 1 and 2 for both periods and intra-municipality 

public transportation commuters never choose alternative 1, in addiction those who travel in 

the afternoon rush hour period only choose alternative 3. Those who commute out of the rush-

our period in a public transportation prefer, for both kind of trips alternative 3. However, it is 
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important to consider that these respondents are few since the majority of people travelling in 

rush-hour prefer driving their own vehicle with intra-municipality commuter preferring 

alternative 1 and inter-municipality commuters preferring alternative 2 but not far from 

alternative 3 percentages. 

Even though the SPSS tests revealed that the following variables do not influence 

alternative choices is important to consider the following aspects: 

For the shorter trips people who commute inside the municipality for less than 2 km 

opted for alternative 3 with around 50% of said respondents. It is also seen that in intra-

municipal trips alterative 3 is preferred for the shortest distances while in inter-municipal trips 

alternative 3 is preferred for the longest ones, as seen Table A3. 17. 

Whereas when accounting time for longest trips alternative 3 is always the preferred for 

intra-municipal trips and, while for the fastest inter-municipal trips the distribution between 

alternatives may be quite similar for the longest ones, alternative 1 is preferred over 2 except 

for table 3 and 6 where the prices and times for alternative 2 are the best possible (Table A3. 

18). 

Despite the Kruskall Wallis test having revealed that the groups are not different, it is 

possible to denote a preference for alternative 1 in people with newer (up to 5 years) vehicles 

that travel intra-municipally. However, it is interesting to notice that those with cars around the 

same age but that travel inter-municipally prefer alternative 2, seen in Table A3. 19. This can be 

explained by inter-municipal trips being longer, which may be related to traffic intensity, since 

with the shared autonomous alternatives people don’t have to be under traffic stress. 

However, it is not possible to relate the choice of alternatives with income, since people 

with higher income prefer alternative 3 even more than those who live moderately, as seen in 

Table A3. 19. This last observation applies for both kind of trips as the Kruskal Wallis test showed, 

the groups are not different. 

People that travel by themselves in their private car chose alternative 1, despite the 

preference still being alternative 3, both for inter and intra-municipal trips more often than 

people who travel with more people. The remaining groups prefer mainly alternative 3, however 

a higher preference for alternative 2 is observed in people that travel inter-municipally with a 

total of 3 people in the vehicle, representing 77,78% of these respondents’ choices. Nonetheless, 

it is important to consider that these respondents correspond to less than 5% of the sample. 

Also, there is a bigger option (around 32%) for alternative 1 in tables 1 and 3 where the times 

and prices for alternative 1 are the best possible and the worst for both 2 and 3 or 3 alone, 

respectively. 

Analysing Table A3. 21, people that stated as main motive for typical trip the movement 

Home-Work/School-Home prefer alternative 3 every time. But those who have an extra stop on 

a movement like Home-School-Work-School-Home are divided, with people that get out of 

residence municipality preferring alternative 2, having the lowest percentage in table 5 where 

is the same as alternative 3 (40.9%) since table 5 presents the best scenarios for alternative 1 

and the worst for alternative 2. For intra-municipality, the same movement motive is more 

divided between alternative 1 and alternative 3. Alternative 3 is, although, the preferred always, 

but denoting a special preference for alternative 1 when this is the only presenting the best 

scenario (table 1) and when the prices are the best and times are the worst (table 4). For table 

6 that presents the worst for alternative 1 and the best for the other 2, where 45.54% of the 

respondents’ choice fell on alternative 2. 
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Another aspect that was not tested in SPSS is the choices of those who enter Lisbon. 

Considering only people that travel from another municipality to Lisbon, since as seen in 

Inquérito à Mobilidade 2017, this is a representative part of the total movements in LMA, people 

choose mainly alternative 3 gaining the biggest concentration of choice in table 5 where the 

price and time are the best for this alternative and for alternative 1. Alternative 1 gets the 

highest percentage in table 1 where this alternative has the best possible values and the other 

two alternatives the worst. This table is also the one with the real values. For alternative 2 the 

table where it gets more percentage of choice is table 3 where alternative 1 and 2 present the 

best values. For alternative 3 present the worst, decreasing the difference between prices and 

presenting the same travel time. 

Along this analysis, it was understood that some of the presented tables had more or 

less percentage of choice for many variables. It is the case of table 5 that showed the time and 

prices for alternative 1 and 3 and worst for alternative 2. That being said, the difference in price 

between alternative 2 and 3 increased and the times are the same, encouraging the choice on 

alternative 3. Another table that stands out is table 3 that presents the best time and price for 

alternative 1 and 2 and the worst for alternative 3. Here the preference for alternative 3 had a 

break with alternative gaining percentage. That may be due to approximation of prices and 

alternative 2 presenting a time 8 minutes inferior. 

In all the previous analysis, it is seen that independently of the variable applied, the 

majority of the choices fell on alternative 3. This may be due to the fact that people are becoming 

more and more aware of the environmental problems the world and the society are facing. 

Besides the environmental concerns, people that spent a lot of time in the traffic may be happy 

with the new mobility alternatives, especially alternative 3 that has the potential to decrease 

more the number of vehicles in circulations, at least when compared with alternative 2. 

Whatever is the reason that makes people choose alternative 3 it is an important statement that 

the majority wouldn’t mind sharing a small vehicle with strangers. However, it should be taken 

into account that these conclusions result from a stated preferences experience. Stated 

preferences are usually more flexible and despite the calculations the attributes may not be real. 

Besides when responding to stated preferences experience people do not have to pay for real 

for the technology. The revealed preference experience in this case could be different, but it is 

not possible to accomplish since the technology does not exist. 

Based on the survey, two possible adoption stages were defined. The first one considers 

respondents that opted for alternative 3 every time, considered the early adopters of the CASE 

technology and the second considers all of those who choose alternative 3 at least four times 

(half of the experience). 

72 out of 250 respondents (28, 8%) opted for alternative 3 all along the experience, 

despite increases or decreases, in relation to the other two alternatives, in time and price. These 

72 respondents corresponds to 29% of the sample and corresponds to a more optimistic 

adoption scenario. From those, 36 use car, 28 use public transports, and 7 use to walk or take a 

bike and only one uses a motorcycle. The said adopter represent 23,1%, 37,8%, 46,7% and 33% 

of the respective groups. It is important to take into consideration that only 55,3% of those who 

commute by public transportation uses bus, which was considered in the following vehicle and 

emission calculations. 

The profile of the early adopters is not well defined, however 40,8% of people aged 

between 18 and 25 years and 37,0% of those between 26 and 35 years opted for alternative 3 
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every time representing 29 of the 72 people considered as early adopters. 40,0% of the traveller 

in the afternoon rush-hour period and 35,4 % of those who travel in the morning period also 

opted for alternative 3 all along the survey. 37,1% of the students are considered early adopters. 

Also 35,1% of those who commute intra-municipally choose alternative 3 in the eight tables. 

The group considered to be the second stage adopters correspond to 16,0% of the 

sample (40 out of 250), from which 25 are car users, 13 public transport users and 2 people use 

to walk or take a bicycle. This corresponds to a more conservative scenario. However, to 

understand the impacts this second stage has on the current situation, the adoption rate that 

should be consider includes the early adopters and the second phase adopters. So, that was the 

acceptance values used to calculate the second stage adoption impacts. Therefore for a second 

stage adoption it was considered that 38,6% (61 out of 161) of people that uses car daily were 

willing to adopt CASE vehicles, one that uses motorcycle (33,3%),  41 people that takes public 

transportation (55,4% of those who uses public transports) and 60% (9 people) that use to walk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

58 
 

4.2. Impacts of obtained adoption scenarios 
 

The impact quantification was already defined in 3.3. Table 71 resume the baseline 

scenario.  

Table 71-Baseline scenario annual kilometres, passenger kilometres, energy consumption and pollutant 

emissions 

Outputs km/year pass.km 
Energy 

consumption (PJ) 

Emissions (kton) 

CO2 HC CO NOx PM 

LDV gasoline 6,8E+09 1,09E+10 19,7 1382,49 2,02 13,83 3,28 0,27 

LDV diesel 7,72E+09 1,24E+10 20,5 1529,49 0,56 2,99 4,12 0,49 

Motorcycles 6,53E+07 6,53E+07 0,12 8,18 0,01 0,05 0,004 0,0003 

Buses 3,77E+08 3,21E+10 6,21 464,19 0,026 0,79 3,29 0,08 

CASE 0 0 0 0 0 0 0 0 

 

It is important to remind that the CASE vehicles with a consumption of 0,72 MJ/km have 

the objective is to achieve a future of 0 carbon, for that reason, CASE vehicles are considered to 

be electric vehicles with 0 g of CO2 emissions in their utilization stage. 

As said in 3.3 to compute the number of regular vehicles that would be traded of CASE 

vehicles is considered the occupancy rates of each vehicle and the vehicle used in the typical trip 

of each respondent. As an example Equation 18 and Equation 19. 

 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 1 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠0  ∗ (1 − 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑎𝑐𝑐𝑒𝑝𝑡𝑎𝑛𝑐𝑒) 

Equation 18-number of vehicles in a first stage scenario 

 

𝐶𝐴𝑆𝐸 = ∑( 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠0 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 1) ∗
𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑜𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦

4
 

Equation 19-number of CASE vehicles in a first stage scenario 

 

In a first phase the number of private vehicles in circulation must reduce, in fact is seen 

a reduction of 189940 vehicles, when comparing the current situation with Table 72, which 

corresponds to 13,2%. Despite the acceptance being higher, this may be related to the fact that 

the public transportation users showed a high acceptance rate, creating the need to introduce 

vehicles for 4 people at a time, when they usually take public transportation that takes a lot 

more people. 

Table 72-First stage scenario vehicle numbers, VKT and passenger per vehicle 

Transport mode Number of vehicles in LMA VKT in LMA (km/year) Passengers per vehicle 

LDV gasoline 494488 10612 1,6 

LDV diesel 561918 10612 1,6 

Motorcycles 48074 906 1 

Buses 2871 104094 85 

CASE 146 809 112702 4 
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As seen in Table 74, that compares Table 71 with Table 73, the reduction in kilometres 
travelled in a year is in the order of billions for cars with about 1,5 billion for gasoline cars and 
1,8 for diesel cars while for buses and motorcycles the reduction is the order of millions with 22 
million for motorcycles and 78 million for buses. However, there is an increase of 17 billion km 
travelled in CASE vehicles, representing a total increase of 13 billion kilometres, considering all 
the vehicles in circulation in this scenario. 

For energy consumption, with fossil sources, there is total decrease of circa 10 PJ, a cut 

of 242 kton in fuel sales, however CASE vehicles will consume 12 PJ. This should mean a 

depletion of pollutants emitted with a decrease of about 763 kton of CO2, 595 ton of HC, 6824 

ton of NOx and 189 ton PM. 

Table 73-First stage annual kilometres, passenger kilometres, energy consumption and pollutant emissions 

Outputs 
km /year pass.km 

Energy 

consumption (PJ) 

Emissions (kton) 

CO2 HC CO NOx PM 

LDV gasoline 5,25E+09 8,4E+09 15,2 1067,29 1,56 7,87 2,53 0,21 

LDV diesel 5,96E+09 9,54E+09 15,8 1180,75 0,43 2,31 3,18 0,38 

Motorcycles 43555067 43555067 0,78 5,45 0,01 0,03 0,003 0,0002 

Buses 2,99E+08 2,54E+10 4,90 367,69 0,02 0,63 2,61 0,06 

CASE 1,65E+10 6,62E+10 11,90 0,00 0,00 0,00 0,00 0,00 

 

These differences represent decreases of 23% in relation to the current situation for 

cars, 33% for motorcycles and 21% for buses. 

Table 74-Differences after a first stage adoption in annual kilometres, passenger kilometres, energy 

consumption and pollutant emissions 

Difference 
km/year pass.km 

Energy 

consumption (PJ) 

Emissions (kton) 

CO2 HC CO NOx PM 

LDV gasoline -1,55E+09 -2,48E+09 -4,48 -315,21 -0,46 -5,96 -0,75 -0,06 

LDV diesel -1,76E+09 -2,82E+09 -4,67 -348,72 -0,13 -0,68 -0,94 -0,11 

Motorcycles -2,17E+07 -2,17E+07 -0,04 -2,72 -0,004 -0,02 -0,001 -0,0001 

Buses -7,84E+07 -6,67E+09 -1,29 -96,51 -0,01 -0,17 -0,68 -0,02 

CASE 1,65E+10 6,62E+10 11,91 - - - - - 

 

Looking into  

Table 75 and comparing with Table 71, in the second stage the reduction in the number 

of vehicles in comparison with the current situation is estimated to be 310662, about 21.5%. 

Table 75-Second stage scenario vehicle numbers, VKT and passenger per vehicle 

Transport mode Number of vehicles in LMA VKT in LMA (km/year) Passengers per vehicle 

LDV gasoline 393284 10612 1,6 

LDV diesel 446914 10612 1,6 

Motorcycles 48074 906 1 

Buses 2520 104094 85 

CASE 240 746 112702 4 

 

Analysing Table 77, which compares the current situation with Table 76, in a second 

stage the reduction in kilometres travelled, when compared with the current situation is, of 2.6 

billion for gasoline cars and 3 billion for diesel cars, 22 million km for motorcycles and 115 million 
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for buses. CASE vehicles should run 27 billion kilometres, an increase of about 23 billion 

kilometres when compared with the current situation. 

The total energy consumption reduction is about 17 PJ which corresponds to a decrease 

of 363 kton of fuel consumed, however CASE vehicles will consume 20 PJ which represents. 

Accounting the pollutant emission, the potential reductions is of 3 million ton of CO2, 2612 ton 

of HC, of 17667 ton of CO and 834 ton of PM. 

Table 76-Second stage annual kilometres, passenger kilometres, energy consumption and pollutant 

emissions 

Outputs v.km pass.km Energy 

consumption (PJ) 

Emissions (kton) 

CO2 HC CO NOx PM 

LDV gasoline 4,17E+09 6,68E+09 12,07 848,85 1,24 6,26 2,01 0,17 

LDV diesel 4,74E+09 7,59E+09 12,57 939,09 0,34 1,84 2,53 0,30 

Motorcycles 43555067 43555067 0,78 5,45 0,01 0,03 0,003 0,0002 

Buses 2,62E+08 2,23E+10 4,32 322,75 0,02 0,56 2,298 0,05 

CASE 2,71E+10 1,09E+11 19,54 0,00 0,00 0,00 0,00 0,00 

 

These differences represent decreases of 39% in relation to the current situation for 

cars, 33% for motorcycles and 30% for buses. 

Table 77-Differences after a second stage adoption in annual kilometres, passenger kilometres, energy 
consumption and pollutant emissions 

Difference km/year pass.km Energy 

consumption (PJ) 

Emissions (kton) 

CO2 HC CO NOx PM 

LDV gasoline -2,62E+09 -4,20E+09 -7,6 -533,64 -0,78 -7,57 -1,26 -0,10 

LDV diesel -2,98E+09 -4,77E+09 -7,9 -590,37 -0,21 -1,15 -1,59 -0,19 

Motorcycles -2,17E+07 -2,17E+07 -0,0 -2,72 -0,004 -0,02 -0,001 -0,0001 

Buses -1,15E+08 -9,77E+09 -1,9 -141,44 -0,01 -0,24 -1,00 -0,02 

CASE 2,71E+10 1,09E+11 19,5 - - - - - 

 

The verified increase in travel v.km is only due to the extra kilometres calculated for the 

functioning of a CASE vehicle. Although, it is necessary to consider what was mentioned in 2.1 

Trends in urban mobility. The rebound effect of the ease to travel may increase the number of 

trips, which will increase the number of kilometres travelled and of vehicles needed. However, 

there was not a question on the survey that allows an estimation for that increase. It is also 

necessary to consider that from public transport responders 22,8% use train and 21,9% use 

metro. Those where not considered for the calculations since with MaaS the idea is to conjugate 

CASE vehicles with existing carbon free public transports. If the production of electricity is 100% 

renewable the energy source for metro and train will not emit CO2 as well. However, if some of 

those users decide to use CASE vehicles instead of the usual transport the number of vehicles 

and kilometres travelled may increase. 

The reduction in traffic and pollutant emissions may be important to improve society’s 

health and decrease the number of premature deaths caused by air pollution. The reduction 

road traffic CO2 emissions is very important to decrease the concentration in the atmosphere of 

greenhouse gases that are causing global warming. 
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5. Conclusions and future work 
The objective of this thesis was to analyse the potential consumer adoption of CASE 

vehicles and characterization of possible early adopters and the related environmental and 

social impacts. To fulfil the objective the current state of the art was investigated, followed by a 

survey on potential users’ preferences and the assessment of the answers to compute the 

associated environmental impacts. 

It was seen that some progress has been made so far on the adaption of cities to the 

mobility technologies that have been available in market for a few years such as electric vehicles. 

Some autonomous vehicles are already available as prototypes in some cities, however to adopt 

autonomous vehicles as a common car or shuttle it is necessary to prepare legislation common 

to the surrounding countries, an example may be legislation in common for EU countries and 

cities infrastructures. It was also understood that to introduce CASE vehicles the needed changes 

in the several dimensions of the problem must be addressed. As an example besides considering 

the technical work needed to adapt infrastructures, and all the IT knowledge behind an 

autonomous shared vehicle is necessary to consider the socio-cultural aspects and the economy 

of the regions. 

To improve the acceptance of new vehicles the transport system and policies should 

converge towards an easy adoption. Another important step is disseminating the positive 

impacts of CASE vehicle on the environment and society. Making CASE vehicles easier to use and 

available for everybody alongside with implementing in society a perception of usefulness will 

certainly help the acceptance. Safety is important for the acceptance so a guarantee of safety of 

the users and non-users should encourage the adoption. Another way to encourage CASE 

vehicles adoption are incentives, as are already applied to other technologies. 

A CASE vehicle that should present a cost of 7 cents/km in a 33 minutes trip had in the 

deployed survey an average acceptance of 44,0%. The choice for CASE vehicles is affected by 

age, with younger people being more prone to adopt. In fact, people aged below 35 present 

more than 50% choice in alternative 3 while for older groups the percentages of choice is more 

distributed. Transport mode where people that usually drive are the group with less preference 

for CASE vehicles since in average drivers are divided between the 3 alternatives presenting an 

average of 36,0% of choice in alternative 3, while all the other groups present a percentage of 

choice above 50%. Travel period also represents differences in alternative choice where people 

that travel out of the rush-hour period prefer CASE vehicles less, with only 26,2% of the non-

rush-hour commuter choice. Another aspect that has showed to affect the choice is the previous 

experience with shared mobility alternatives already available with those who state that would 

not like to try showing a clear preference for keep on using the current alternatives. It was not 

considered that the differences between intra and inter-municipal commuting were meaningful. 

When choosing between mobility alternatives.  Despite not being a well-defined profile, it 

possible to admit that the early adopters are people aged between 18 and 35 years old. This 

agrees with the fact that students are an important early adopters group. Besides, rush hour 

commuters are seen as early adopters. 

Considering people that chose CASE vehicles all along the choice activity as the early 

adopters, in a first stage adoption and in a second stage those that chose CASE vehicles at least 

half of the experience (4 times), energy consumption in AML could decrease up to 17 billion MJ. 

CO2 emission could also reduce in 3 million tons along with thousands of tons of local pollutants. 

This is based in a reduction of vkm and number of combustion vehicles of 310662. The number 
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of CASE vehicles at the second stage is 240746 that could increase due to a rebound effect since 

kilometres travelled by one individual would possibly increase as travelling would get easier and 

potentially cheaper. 

The said increase is related to the social impacts that can be verified with the adoption 

of CASE vehicles. These impacts may be noticed on how people move, how would they change 

their habits with a potential adoption and how those changes can affect directly or indirectly 

their lives, not only on a mobility/time perspective but also on a health perspective. The 

designed survey did not allow to understand these impacts. 

The positive impacts of a potential adoption of CASE vehicles may be important to 

contribute to a healthier environment. 

That being said, as future work the following aspects can be assessed: 

 The influence time and price have on the choice of these vehicles can be 

estimated through a discrete choice model; 

 A study to understand the change in travelling patterns with an autonomous 

shared vehicle to quantify the difference in kilometres travelled by each person 

and their the schedules. 

 Expand this study to Oporto Metropolitan Area, or even to all the country to 

understand if smaller cities would respond evenly. 
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Annex 1 
50000000 kvkm = 50000000000 vkm 

Equation 20- Kilometres travelled per year in Portugal by all the passenger cars 

 

𝑘𝑚

𝑦𝑒𝑎𝑟
=

50000000000

4839707
= 10331

𝑘𝑚

𝑦𝑒𝑎𝑟
 

Equation 21-Kilometers travelled per year in average by passenger car in Portugal 

 

𝑡𝑜𝑡𝑎𝑙 𝑘𝑚 =  10331 ∗ 12,7 = 131206 𝑘𝑚 
Equation 22-Kilometers travelled in the average passenger car lifetime 

 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑘𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 = 6€ ∗ 12 𝑚𝑜𝑛𝑡ℎ𝑠 ∗ 12,7𝑦𝑒𝑎𝑟𝑠 = 887€ 

Equation 23-Total parking cost for conventional alternative 

 

𝑇𝑜𝑡𝑎𝑙 𝑡𝑜𝑙𝑙𝑠 𝑐𝑜𝑠𝑡 = 11€ ∗ 12 𝑚𝑜𝑛𝑡ℎ𝑠 ∗ 12,7𝑦𝑒𝑎𝑟𝑠 = 1609€ 
Equation 24-Total tolls cost for conventional alternative 

 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑠𝑡 = 0,12
€

𝑘𝑚
∗ 131206 𝑘𝑚 = 15745€ 

Equation 25-Total fuel cost for conventional alternative 

 

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒 𝑐𝑜𝑠𝑡 = 0,017
€

𝑘𝑚
∗ 131206𝑘𝑚 = 2 231€ 

Equation 26-Total insurance cost for conventional alternative 

 

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑐𝑜𝑠𝑡 = 0,063
€

𝑘𝑚
∗ 131206𝑘𝑚 = 8 266€ 

Equation 27-Total maintenance cost for conventional alternative 

 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑘𝑚 =
46738 €

131206 𝑘𝑚
= 0,356€/𝑘𝑚 

Equation 28-Total cost per kilometre for conventional alternative 

 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑘𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 = 5,82€ ∗ 0,5 ∗ 12 𝑚𝑜𝑛𝑡ℎ𝑠 ∗ 8𝑦𝑒𝑎𝑟𝑠 = 279€ 

Equation 29- Total parking cost for electric autonomous alternatives 

 

𝑇𝑜𝑡𝑎𝑙 𝑡𝑜𝑙𝑙𝑠 𝑐𝑜𝑠𝑡 = 10,56€ ∗ 2 ∗ 12 𝑚𝑜𝑛𝑡ℎ𝑠 ∗ 8𝑦𝑒𝑎𝑟𝑠 = 2028€ 
Equation 30- Total tolls cost for electric autonomous alternatives 

 

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒 𝑐𝑜𝑠𝑡 = 0,017
€

𝑘𝑚
∗ 520000 𝑘𝑚 = 8 840€ 

Equation 31- Total insurance cost for electric autonomous alternatives 
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𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑐𝑜𝑠𝑡 = 0,038
€

𝑘𝑚
∗ 520000 𝑘𝑚 = 19760€ 

Equation 32- Total maintenance cost for electric autonomous alternatives 

 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 0,15
€

𝑘𝑊ℎ
∗ 0,2

𝑘𝑊ℎ

𝑘𝑚
∗ 520000 𝑘𝑚 = 15600€ 

Equation 33- Total electricity cost for electric autonomous alternatives 

 

𝐾𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 = 27
𝑘𝑚

ℎ
∗ 12 ℎ = 324 𝑘𝑚 

Equation 34- Alternative 2 estimated average daily kilometers 

 

𝐷𝑎𝑖𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 0,2
𝑘𝑊ℎ

𝑘𝑚
∗ 324 𝑘𝑚 = 64,8 𝑘𝑊ℎ 

Equation 35-Alternative 2 average daily consumption 

 

𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑘𝑚 =
113862 €

520000 𝑘𝑚
= 0,219 €/𝑘𝑚 

Equation 36-Alternative 2 total cost per kilometer 

 

𝐾𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 = 20
𝑘𝑚

ℎ
∗ 12 ℎ = 240 𝑘𝑚 

Equation 37- Alternative 3 estimated average daily kilometres 

 

𝐷𝑎𝑖𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 0.2
𝑘𝑊ℎ

𝑘𝑚
∗ 240 𝑘𝑚 = 48 𝑘𝑊ℎ 

Equation 38-Alternative 3 average daily consumption 

 

𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑘𝑚 𝑝𝑒𝑟 𝑢𝑠𝑒𝑟 =
0,216 €/𝑘𝑚

4 𝑢𝑠𝑒𝑟𝑠
= 0,054 €/𝑘𝑚 

Equation 39-Alternative 3 cost per user 

 

 

First for diesel passenger cars, 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 =
479366 ∗ 103 ∗ 42,7

7723888595
= 2,7 𝑀𝐽/𝐾𝑚 

Equation 40- Diesel cars energy consumption per km 

 

It is also possible to know the total amount of energy consumed in a year by each type 

of vehicle to gain some sensibility to the subject. 

 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 = 2,9 ∗ 7723888595 = 20469740731 MJ/year 

Equation 41-Diesel cars energy consumption per year 
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Then for gasoline passenger cars, 

 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 =
448846 ∗ 103 ∗ 43,8

6797019417
= 2,9 𝑀𝐽/𝐾𝑚 

Equation 42- Gasoline cars energy consumption per km 

 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 = 2,7 ∗ 6797019417 = 19660218982 MJ/year 

Equation 43-Gasoline cars energy consumption per year 

 

And also for motorcycles, 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 =
2654 ∗ 103 ∗ 42,5

65296682
= 1,8 𝑀𝐽/𝐾𝑚 

Equation 44-Motorcycles energy consumption per km 

 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 = 1,8 ∗ 65296682 = 1162627447 MJ/year 

Equation 45-Motorcycles energy consumption per year 

 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 =
145494 ∗ 103 ∗ 3

377238029
= 16.5 𝑀𝐽/𝐾𝑚 

Equation 46-Buses energy consumption per km 

 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 = 16.5 ∗ 377238029 = 6212571513 MJ/year 

Equation 47-Buses energy consumption per year 
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Annex 2 

Utilização de veículos autónomos na Área Metropolitana de 

Lisboa 

Consentimento informado 
Este inquérito enquadra-se no desenvolvimento de uma tese de Mestrado em Engenharia do 

Ambiente do Instituto Superior Técnico. Destina-se a residentes na Área Metropolitana de 

Lisboa. 

A sua participação é totalmente voluntária e poderá desistir a qualquer momento do seu 

preenchimento. 

O preenchimento do questionário é de curta duração (10 minutos) e ao longo do mesmo 

poderá encontrar instruções específicas para o seu preenchimento incluindo um vídeo 

explicativo. 

Qualquer dúvida relativa ao preenchimento do inquérito poderá ser colocada por email para: 

joana.a.vicente@tecnico.ulisboa.pt 

Os dados fornecidos serão totalmente confidenciais e serão utilizados exclusivamente no 

âmbito da investigação a ser realizada. 

1. Consentimento informado 

Ao responder a este questionário, declaro ter tomado conhecimento dos objetivos do inquérito 

e da participação que me é solicitada, participando voluntariamente, tendo-me sido garantida a 

possibilidade de, a qualquer altura, desistir de participar sem qualquer tipo de consequências. 

Aceito participar neste estudo e permito a utilização dos dados que de forma voluntária forneço, 

confiando que serão trabalhados exclusivamente no âmbito dos objetivos a que este estudo se 

dirige e nas garantias de confidencialidade e anonimato apresentadas pelo/a investigador/a. 

Tomei ainda conhecimento que os dados serão eliminados quando o estudo terminar e ainda 

que posso a qualquer altura enviar um email para que os dados sejam eliminados. 

Compreendi 
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Viagem típica 
2. Indique o seu município de residência. 

 
3. Indique o município de destino da sua viagem típica 

 
4. Identifique qual a viagem típica no seu dia-a-dia, isto é, a viagem que realiza de forma mais 

frequente. 

 
5. Qual o principal modo de transporte utilizado na sua viagem típica? 
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Utilizadores de veículo privado 
6. Se utiliza o veículo privado na sua viagem típica, quantas pessoas transporta contando 

consigo? 

 
7. Identifique a tipologia do seu veículo privado: 

 
8. Qual a idade do seu veículo privado? 

Inferior a 2 anos 

Entre 2 (inclusivamente) e 5 anos 

Entre 5 (inclusivamente) e 10 anos 

Igual ou superior 10 anos 
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14. Como classifica a acessibilidade (1 - má acessibilidade; 5 - boa acessibilidade) a transportes públicos na zona 

de residência e no destino da viagem típica: 

1 2 3 4 

 

5 

 

15. Indique a sua experiência com soluções alternativas de transportes: 

 

16. Está familiarizado com o termo veículos autónomos? 

Sim 

Não 
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Escolha de alternativas de mobilidade 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

De seguida são apresentadas três alternativas para a sua viagem típica (viagem mais 

frequente). 

Os custos e tempos totais de viagem incluem tempo de estacionamento ou de espera 

para as 3 alternativas: 

Um veículo convencional de posse privada e com necessidade de condutor 

Um veículo eléctrico autónomo que pode chamar onde e quando quiser através do seu 

telemóvel e utilizar individualmente; 

Um veículo eléctrico autónomo que pode chamar onde e quando quiser através do seu 

telemóvel e que partilhará com outros utilizadores. 

 

Durante a actividade de escolha tenha em consideração a sua viagem típica (mais 

frequente)! 

Por favor, veja o seguinte vídeo! 
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* 17. Qual a alternativa que prefere? 

 

Alternativa 1 

Alternativa 2 

Alternativa 3 

 

 

* 18. Qual a alternativa que prefere? 

Alternativa 1 

Alternativa 2 

 Alternativa 3 

 

 

 

* 19. Qual a alternativa que prefere? 

Alternativa 1 

Alternativa 2 

 Alternativa 3 

A tabela seguinte apresenta três alternativas de mobilidade. 

A tabela seguinte apresenta três alternativas de mobilidade. 

A tabela seguinte apresenta três alternativas de mobilidade. 
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* 20. Qual a alternativa que prefere? 

Alternativa 1 

Alternativa 2 

 Alternativa 3 

 

 

* 21. Qual a alternativa que prefere? 

Alternativa 1 

Alternativa 2 

 Alternativa 3 

 

 

* 22. Qual a alternativa que prefere? 

Alternativa 1 

Alternativa 2 

 Alternativa 3 

 

 

A tabela seguinte apresenta três alternativas de mobilidade. 

A tabela seguinte apresenta três alternativas de mobilidade. 

A tabela seguinte apresenta três alternativas de mobilidade. 
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* 23. Qual a alternativa que prefere? 

Alternativa 1 

Alternativa 2 

Alternativa 3 

 

 

* 24. Qual a alternativa que prefere? 

Alternativa 1 

Alternativa 2 

Alternativa 3 

25. Se nas perguntas anteriores seleccionou pelo menos 4 vezes a Alternativa 1, por favor, 

indique porquê 

 

 

 

 

 

 

 

 

A tabela seguinte apresenta três alternativas de mobilidade. 

A tabela seguinte apresenta três alternativas de mobilidade. 
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Caracterização do inquirido 
26. Género 

Feminino 

Masculino 

 

* 27. Idade 

Menos de 18 anos 

Entre 18 e 25 anos 

Entre 26 e 35 anos 

Entre 36 e 50 anos 

Entre 51 e 65 anos 

Mais de 65 anos 

 

* 28. Nível de escolaridade 

 

 

 

 

 

 

 

 

*29. Situação laboral 

 

 
 

* 30. Tem carta de condução? 

Sim 

Não 
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* 31. Quantas pessoas tem o seu agregado familiar? 

1  4 

2  5 

3  6 ou mais 

* 32. Como considera o rendimento do seu agregado familiar? 

Os rendimentos do meu agregado permitem-me viver com facilidade 

Os rendimentos do meu agregado permitem-me viver moderadamente 

Os rendimentos do meu agregado permitem-me viver com dificuldade 

 Prefiro não responder 
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Annex 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A3. 1-Bonferroni correction to trip duration on trip distance 

Multiple corrections 

(I) Duration (J) Duration Mean Ranks Difference (I-J) Error Sig. 

Inter-municipal 

Less than 10 minutes 
 

10 to 30 minutes -1,144 0,266 0,000 

30 to 60 minutes -1,679 0,265 0,000 

More than 60 minutes -1,966 0,292 0,000 

10 to 30 minutes 
 

Less than 10 minutes 1,144 0,266 0,000 

30 to 60 minutes -0,534 0,134 0,001 

More than 60 minutes -0,822 0,182 0,000 

30 to 60 minutes Less than 10 minutes 1,679 0,265 0,000 

10 to 30 minutes 0,534 0,134 0,001 

More than 60 minutes -0,287 0,181 0,684 
More than 60 minutes Less than 10 minutes 1,966 0,292 0,000 

10 to 30 minutes 0,822 0,182 0,000 

30 to 60 minutes 0,287 0,181 0,684 

Intra-municipal 

Less than 10 minutes 
 

10 to 30 minutes -1,367 0,231 0,000 

30 to 60 minutes -1,674 0,332 0,000 

More than 60 minutes -1,367 0,729 0,385 

10 to 30 minutes 
 

Less than 10 minutes 1,367 0,231 0,000 

30 to 60 minutes -0,308 0,312 1,000 

More than 60 minutes 0,000 0,720 1,000 

30 to 60 minutes Less than 10 minutes 1,674 0,332 0,000 

10 to 30 minutes 0,308 0,312 1,000 

More than 60 minutes 0,308 0,758 1,000 

More than 60 minutes Less than 10 minutes 1,367 0,729 0,385 

10 to 30 minutes 0,000 0,720 1,000 

30 to 60 minutes -0,308 0,758 1,000 
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Table A3. 2-Bonferroni correction to age on transport mode 

 

 

 

 

 

 

 

 

 

 

 

Multiple corrections 

(I) Age (J) Age Mean Ranks Difference (I-J) Erro Sig. 

Less than 18 years 18 to 25 years -1,964 0,729 0,126 

26 to 35 years -1,182 0,781 1,000 

36 to 50 years 0,545 0,738 1,000 
51 to 65 years 0,769 0,732 1,000 

More than 65 years 0,000 0,916 1,000 

18 to 25 years Less than 18 years 1,964 0,729 0,126 

26 to 35 years 0,782 0,427 1,000 

36 to 50 years 2,510 0,342 0,000 

51 to 65 years 2,734 0,327 0,000 

More than 65 years 1,964 0,641 0,044 

26 to 35 years Less than 18 years 1,182 0,781 1,000 

18 to 25 years -0,782 0,427 1,000 

36 to 50 years 1,727 0,443 0,003 

51 to 65 years 1,951 0,432 0,000 

More than 65 years 1,182 0,701 1,000 

36 to 50 years Less than 18 years -0,545 0,738 1,000 

18 to 25 years -2,510 0,342 0,000 

26 to 35 years -1,727 0,443 0,003 

51 to 65 years 0,224 0,348 1,000 

More than 65 years -0,545 0,652 1,000 

51 to 65 years Less than 18 years -0,769 0,732 1,000 

18 to 25 years -2,734 0,327 0,000 
26 to 35 years -1,951 0,432 0,000 

36 to 50 years -0,224 0,348 1,000 

More than 65 years -0,769 0,644 1,000 

More than 65 years Less than 18 years 0,000 0,916 1,000 

18 to 25 years -1,964 0,641 0,044 

26 to 35 years -1,182 0,701 1,000 

36 to 50 years 0,545 0,652 1,000 

51 to 65 years 0,769 0,644 1,000 
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Table A3. 3-Bonferroni correction to household income on vehicle’s age 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Multiple corrections 

(I) Household income (J) Household income Mean Ranks 
Difference (I-J) 

Error Sig. 

Inter-municipal 

My household income allows 
me to live with ease 

My household income allows 
me to live with moderation 

-0,522 0,180 0,027 

My household income allows 
me to live with struggle 

-0,613 0,602 1,000 

Rather not answer -1,013 0,397 0,074 

My household income allows 
me to live with moderation 

My household income allows 
me to live with ease 

0,522 0,180 0,027 

My household income allows 
me to live with struggle 

-0,091 0,592 1,000 

Rather not answer -0,491 0,383 1,000 

My household income allows 
me to live with struggle 

My household income allows 
me to live with ease 

0,613 0,602 1,000 

My household income allows 
me to live with moderation 

0,091 0,592 1,000 

Rather not answer -0,400 0,690 1,000 

Rather not answer My household income allows 
me to live with ease 

1,013 0,397 0,074 

My household income allows 
me to live with moderation 

0,491 0,383 1,000 

My household income allows 
me to live with struggle 

0,400 0,690 1,000 
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Table A3. 4-Public transport accessibilities when equal in residence and trip destination by preferred 
transport mode (only presented the 3 transport modes from where was possible to take any conclusion) 

 

 Walk or bicycle Public transport Private vehicle as a driver Total 

Inter-municipal 

Residence 1  3,2% 8,3% 11,5% 

Destination 1  0,6% 3,2% 3,8% 

Residence 2  6,4% 12,2% 20,5% 

Destination 2  1,9% 6,4% 9,6% 

Residence 3  7,7% 19,2% 28,9% 

Destination 3  1,9% 11,5% 14,1% 

Residence 4  10,9% 13,5% 26,3% 

Destination 4  6,4% 7,7% 15,1% 

Residence 5  5,8% 5,8% 11,5% 

Destination 5  3,2% 2,6% 5,8% 

Intra-municipal 

Residence 1 0,0% 0,0% 8,5% 8,5% 

Destination 1 0,0% 0,0% 6,4% 6,4% 

Residence 2 0,0% 1,1% 8,5% 10,6% 

Destination 2 0,0% 0,0% 3,2% 4,3% 

Residence 3 7,5% 4,3% 11,7% 25,5% 

Destination 3 4,3% 1,1% 9,6% 14,9% 

Residence 4 4,3% 9,6% 13,8% 29,8% 

Destination 4 3,2% 6,4% 8,5% 19,2% 

Residence 5 4,3% 7,5% 12,8% 25,5% 

Destination 5 4,3% 6,4% 10,6% 22,3% 
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Table A3. 5-Household income distribution by labor situation for car occupancy 

 
 

Employed Student Retired Other Unemployed Total 
 

A B C D Total B C D Total B C D Total A B C Total B D Total 
 

1 1,2% 35,4% 11,2% 1,9% 49,7% 2,5% 2,5% 1,2% 6,2% 1,2% 0,0% 0,6% 1,9% 0,0% 3,7% 1,2% 5,0% 1,2% 0,0% 1,2% 64,0% 

2 0,6% 8,1% 3,1% 1,2% 13,0% 0,6% 1,9% 0,0% 2,5% 1,2% 0,0% 0,0% 1,2% 0,0% 0,0% 1,2% 1,2% 1,2% 0,6% 1,9% 19,9% 

3 0,0% 5,0% 2,5% 0,0% 7,5% 0,0% 1,2% 0,0% 1,2% 3,1% 0,0% 0,0% 3,1% 0,0% 0,0% 0,0% 0,0% 0,6% 0,0% 0,6% 12,4% 

4 0,0% 1,2% 0,6% 0,6% 2,5% 0,0% 0,0% 0,0% 0,0% 0,0% 0,6% 0,0% 0,6% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 3,1% 

5 0,0% 0,6% 0,0% 0,0% 0,6% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,6% 

Total 1,9% 50,3% 17,4% 3,7% 73,3% 3,1% 5,6% 1,2% 9,9% 5,6% 0,6% 0,6% 6,8% 0,0% 3,7% 2,5% 6,2% 3,1% 0,6% 3,7% 100,0% 

A My household income allows me to live with struggle 

B My household income allows me to live with moderation 

C My household income allows me to live with ease 

D Rather not answer 
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Table A3. 6-Bonferroni correction to age on alternative choice 

 

 

 

 

 

 

 

 

 

 

 

Multiple corrections 

(I) Age (J) Age (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 1 Table 2 Table 3 Table 4 

<18 18 to 25 -,144 ,422 1,000 -,035 ,396 1,000 ,092 ,397 1,000 -,215 ,401 1,000 

26 to 35 -,009 ,440 1,000 ,093 ,413 1,000 ,204 ,414 1,000 -,046 ,418 1,000 

36 to 50 ,293 ,422 1,000 ,371 ,396 1,000 ,486 ,397 1,000 ,179 ,401 1,000 

51 to 65 ,373 ,422 1,000 ,527 ,396 1,000 ,555 ,396 1,000 ,209 ,400 1,000 

65< ,050 ,551 1,000 ,500 ,517 1,000 ,700 ,518 1,000 ,050 ,523 1,000 

18 to 25 <18 ,144 ,422 1,000 ,035 ,396 1,000 -,092 ,397 1,000 ,215 ,401 1,000 

26 to 35 ,135 ,186 1,000 ,128 ,174 1,000 ,112 ,175 1,000 ,168 ,176 1,000 

36 to 50 ,437 ,138 ,026 ,407 ,130 ,029 ,394 ,130 ,040 ,393 ,131 ,045 

51 to 65 ,518 ,137 ,003 ,563 ,128 ,000 ,463 ,129 ,006 ,424 ,130 ,019 

65< ,194 ,380 1,000 ,535 ,357 1,000 ,608 ,357 1,000 ,265 ,361 1,000 

26 to 35 <18 ,009 ,440 1,000 -,093 ,413 1,000 -,204 ,414 1,000 ,046 ,418 1,000 

18 to 25 -,135 ,186 1,000 -,128 ,174 1,000 -,112 ,175 1,000 -,168 ,176 1,000 

36 to 50 ,302 ,186 1,000 ,279 ,175 1,000 ,282 ,175 1,000 ,225 ,177 1,000 

51 to 65 ,383 ,185 ,594 ,435 ,174 ,194 ,351 ,174 ,668 ,255 ,176 1,000 

65< ,059 ,400 1,000 ,407 ,375 1,000 ,496 ,376 1,000 ,096 ,380 1,000 

36 to 50 <18 -,293 ,422 1,000 -,371 ,396 1,000 -,486 ,397 1,000 -,179 ,401 1,000 

18 to 25 -,437 ,138 ,026 -,407 ,130 ,029 -,394 ,130 ,040 -,393 ,131 ,045 

26 to 35 -,302 ,186 1,000 -,279 ,175 1,000 -,282 ,175 1,000 -,225 ,177 1,000 

51 to 65 ,080 ,137 1,000 ,156 ,129 1,000 ,069 ,129 1,000 ,030 ,130 1,000 

65< -,243 ,380 1,000 ,129 ,357 1,000 ,214 ,357 1,000 -,129 ,361 1,000 

51 to 65 <18 -,373 ,422 1,000 -,527 ,396 1,000 -,555 ,396 1,000 -,209 ,400 1,000 

18 to 25 -,518 ,137 ,003 -,563 ,128 ,000 -,463 ,129 ,006 -,424 ,130 ,019 

26 to 35 -,383 ,185 ,594 -,435 ,174 ,194 -,351 ,174 ,668 -,255 ,176 1,000 

36 to 50 -,080 ,137 1,000 -,156 ,129 1,000 -,069 ,129 1,000 -,030 ,130 1,000 

65< -,323 ,380 1,000 -,027 ,356 1,000 ,145 ,357 1,000 -,159 ,360 1,000 

65< <18 -,050 ,551 1,000 -,500 ,517 1,000 -,700 ,518 1,000 -,050 ,523 1,000 

18 to 25 -,194 ,380 1,000 -,535 ,357 1,000 -,608 ,357 1,000 -,265 ,361 1,000 

26 to 35 -,059 ,400 1,000 -,407 ,375 1,000 -,496 ,376 1,000 -,096 ,380 1,000 

36 to 50 ,243 ,380 1,000 -,129 ,357 1,000 -,214 ,357 1,000 ,129 ,361 1,000 

51 to 65 ,323 ,380 1,000 ,027 ,356 1,000 -,145 ,357 1,000 ,159 ,360 1,000 
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Multiple corrections 

(I) Age (J) Age (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 5 Table 6 Table 7 Tabela 8 

<18 18 to 25 -,257 ,409 1,000 -,465 ,387 1,000 -,285 ,383 1,000 -,493 ,385 1,000 

26 to 35 -,120 ,426 1,000 -,407 ,403 1,000 -,194 ,399 1,000 -,333 ,401 1,000 

36 to 50 ,164 ,409 1,000 -,129 ,387 1,000 ,050 ,383 1,000 -,143 ,385 1,000 

51 to 65 ,168 ,409 1,000 -,082 ,387 1,000 ,250 ,383 1,000 -,082 ,384 1,000 

65< ,050 ,534 1,000 -,200 ,505 1,000 -,150 ,500 1,000 -,200 ,502 1,000 

18 to 25 <18 ,257 ,409 1,000 ,465 ,387 1,000 ,285 ,383 1,000 ,493 ,385 1,000 

26 to 35 ,137 ,180 1,000 ,057 ,170 1,000 ,091 ,168 1,000 ,160 ,169 1,000 

36 to 50 ,421 ,134 ,028 ,336 ,127 ,128 ,335 ,126 ,121 ,350 ,126 ,088 

51 to 65 ,425 ,133 ,023 ,383 ,126 ,038 ,535 ,124 ,000 ,411 ,125 ,017 

65< ,307 ,368 1,000 ,265 ,348 1,000 ,135 ,345 1,000 ,293 ,346 1,000 

26 to 35 <18 ,120 ,426 1,000 ,407 ,403 1,000 ,194 ,399 1,000 ,333 ,401 1,000 

18 to 25 -,137 ,180 1,000 -,057 ,170 1,000 -,091 ,168 1,000 -,160 ,169 1,000 

36 to 50 ,285 ,180 1,000 ,279 ,171 1,000 ,244 ,169 1,000 ,190 ,170 1,000 

51 to 65 ,288 ,179 1,000 ,325 ,170 ,845 ,444 ,168 ,129 ,251 ,169 1,000 

65< ,170 ,388 1,000 ,207 ,367 1,000 ,044 ,363 1,000 ,133 ,364 1,000 

36 to 50 <18 -,164 ,409 1,000 ,129 ,387 1,000 -,050 ,383 1,000 ,143 ,385 1,000 

18 to 25 -,421 ,134 ,028 -,336 ,127 ,128 -,335 ,126 ,121 -,350 ,126 ,088 

26 to 35 -,285 ,180 1,000 -,279 ,171 1,000 -,244 ,169 1,000 -,190 ,170 1,000 

51 to 65 ,004 ,133 1,000 ,046 ,126 1,000 ,200 ,125 1,000 ,061 ,125 1,000 

65< -,114 ,368 1,000 -,071 ,349 1,000 -,200 ,345 1,000 -,057 ,346 1,000 

51 to 65 <18 -,168 ,409 1,000 ,082 ,387 1,000 -,250 ,383 1,000 ,082 ,384 1,000 

18 to 25 -,425 ,133 ,023 -,383 ,126 ,038 -,535 ,124 ,000 -,411 ,125 ,017 

26 to 35 -,288 ,179 1,000 -,325 ,170 ,845 -,444 ,168 ,129 -,251 ,169 1,000 

36 to 50 -,004 ,133 1,000 -,046 ,126 1,000 -,200 ,125 1,000 -,061 ,125 1,000 

65< -,118 ,368 1,000 -,118 ,348 1,000 -,400 ,344 1,000 -,118 ,346 1,000 

65< <18 -,050 ,534 1,000 ,200 ,505 1,000 ,150 ,500 1,000 ,200 ,502 1,000 

18 to 25 -,307 ,368 1,000 -,265 ,348 1,000 -,135 ,345 1,000 -,293 ,346 1,000 

26 to 35 -,170 ,388 1,000 -,207 ,367 1,000 -,044 ,363 1,000 -,133 ,364 1,000 

36 to 50 ,114 ,368 1,000 ,071 ,349 1,000 ,200 ,345 1,000 ,057 ,346 1,000 

51 to 65 ,118 ,368 1,000 ,118 ,348 1,000 ,400 ,344 1,000 ,118 ,346 1,000 
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Table A3. 7-Bonferroni correction to transport mode on alternative choice 

 

Multiple corrections 
Transport (I) Transport (J) (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 1 Table 2 Table 3 Table 4 

Private 
vehicle as a 
driver 

Passenger -,630 ,220 ,028 -,418 ,210 ,283 -,501 ,208 ,100 -,331 ,212 ,717 

Public transport -,394 ,116 ,005 -,425 ,111 ,001 -,345 ,110 ,011 -,282 ,112 ,072 
Walk or bicycle -,630 ,220 ,028 -,485 ,210 ,130 -,634 ,208 ,015 -,464 ,212 ,176 

Private 
vehicle as a 
passenger 

Driver ,630 ,220 ,028 ,418 ,210 ,283 ,501 ,208 ,100 ,331 ,212 ,717 

Public transport ,236 ,230 1,000 -,006 ,219 1,000 ,156 ,217 1,000 ,049 ,221 1,000 

Walk or bicycle ,000 ,297 1,000 -,067 ,282 1,000 -,133 ,280 1,000 -,133 ,285 1,000 

Public 
transport 

Driver ,394 ,116 ,005 ,425 ,111 ,001 ,345 ,110 ,011 ,282 ,112 ,072 

Passenger -,236 ,230 1,000 ,006 ,219 1,000 -,156 ,217 1,000 -,049 ,221 1,000 

Walk or bicycle -,236 ,230 1,000 -,060 ,219 1,000 -,289 ,217 1,000 -,182 ,221 1,000 
Walk or 
bicycle 

Driver ,630 ,220 ,028 ,485 ,210 ,130 ,634 ,208 ,015 ,464 ,212 ,176 

Passenger ,000 ,297 1,000 ,067 ,282 1,000 ,133 ,280 1,000 ,133 ,285 1,000 

Public transport ,236 ,230 1,000 ,060 ,219 1,000 ,289 ,217 1,000 ,182 ,221 1,000 

 
Multiple corrections 

Transport (I) Transport (J) (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 5 Table 6 Table 7 Table 8 

Private 
vehicle as a 
driver 

Passenger -,471 ,213 ,169 -,230 ,204 1,000 -,503 ,202 ,081 -,377 ,202 ,377 

Public transport -,384 ,112 ,004 -,315 ,107 ,022 -,363 ,107 ,005 -,343 ,106 ,009 

Walk or bicycle -,605 ,213 ,030 -,430 ,204 ,216 -,503 ,202 ,081 -,444 ,202 ,172 

Private 
vehicle as a 
passenger 

Driver ,471 ,213 ,169 ,230 ,204 1,000 ,503 ,202 ,081 ,377 ,202 ,377 
Public transport ,087 ,223 1,000 -,086 ,213 1,000 ,141 ,211 1,000 ,034 ,211 1,000 

Walk or bicycle -,133 ,287 1,000 -,200 ,275 1,000 ,000 ,272 1,000 -,067 ,272 1,000 

Public 
transport 

Driver ,384 ,112 ,004 ,315 ,107 ,022 ,363 ,107 ,005 ,343 ,106 ,009 

Passenger -,087 ,223 1,000 ,086 ,213 1,000 -,141 ,211 1,000 -,034 ,211 1,000 

Walk or bicycle -,221 ,223 1,000 -,114 ,213 1,000 -,141 ,211 1,000 -,101 ,211 1,000 

Walk or 
bicycle 

Driver ,605 ,213 ,030 ,430 ,204 ,216 ,503 ,202 ,081 ,444 ,202 ,172 

Passenger ,133 ,287 1,000 ,200 ,275 1,000 ,000 ,272 1,000 ,067 ,272 1,000 
Public transport ,221 ,223 1,000 ,114 ,213 1,000 ,141 ,211 1,000 ,101 ,211 1,000 
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Table A3. 8-Bonferroni correction to travel period on alternative choice 

 

 

Multiple corrections 

(I) Rush-

hour 

(J) Rush-hour (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 3 Table 4 Table 5 Table 6 Table 7 Table 8 

Yes, in 

both 

periods 

Yes, in the morning -,167 ,133 1,000 -,169 ,132 1,000 -,114 ,137 1,000 -,055 ,129 1,000 -,032 ,130 1,000 -,071 ,129 1,000 

Yes, in the afternoon -,199 ,185 1,000 -,233 ,184 1,000 -,200 ,191 1,000 -,237 ,179 1,000 -,091 ,181 1,000 -,130 ,179 1,000 

No ,416 ,147 ,031 ,452 ,147 ,014 ,338 ,152 ,163 ,381 ,143 ,049 ,397 ,144 ,037 ,358 ,143 ,077 

Yes, in the 

morning 

Yes, in both periods ,167 ,133 1,000 ,169 ,132 1,000 ,114 ,137 1,000 ,055 ,129 1,000 ,032 ,130 1,000 ,071 ,129 1,000 

Yes, in the afternoon -,032 ,209 1,000 -,064 ,209 1,000 -,086 ,216 1,000 -,182 ,203 1,000 -,059 ,205 1,000 -,059 ,203 1,000 

No ,583 ,177 ,007 ,622 ,177 ,003 ,452 ,183 ,086 ,436 ,172 ,071 ,429 ,173 ,084 ,429 ,172 ,079 

Yes, in the 

afternoon 

Yes, in both periods ,199 ,185 1,000 ,233 ,184 1,000 ,200 ,191 1,000 ,237 ,179 1,000 ,091 ,181 1,000 ,130 ,179 1,000 

Yes, in the morning ,032 ,209 1,000 ,064 ,209 1,000 ,086 ,216 1,000 ,182 ,203 1,000 ,059 ,205 1,000 ,059 ,203 1,000 

No ,615 ,219 ,032 ,685 ,218 ,011 ,538 ,226 ,108 ,618 ,212 ,024 ,488 ,214 ,140 ,488 ,212 ,133 

No Yes, in both periods -,416 ,147 ,031 -,452 ,147 ,014 -,338 ,152 ,163 -,381 ,143 ,049 -,397 ,144 ,037 -,358 ,143 ,077 

Yes, in the morning -,583 ,177 ,007 -,622 ,177 ,003 -,452 ,183 ,086 -,436 ,172 ,071 -,429 ,173 ,084 -,429 ,172 ,079 

Yes, in the afternoon -,615 ,219 ,032 -,685 ,218 ,011 -,538 ,226 ,108 -,618 ,212 ,024 -,488 ,214 ,140 -,488 ,212 ,133 
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Table A3. 9-Bonferroni correction to shared vehicles experience on alternative choice 

 

Multiple corrections 

(I) 

Shared… 

(J) Shared… Car Bicycle Motorcycle Scooter Car Bicycle Motorcycle Scooter Car Bicycle Motorcycle Scooter Car Bicycle Motorcycle Scooter 

Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. 

  Table 1 Table 2 Table 3 Table 4 

I use 

often 

I have tried 1,000 0,442 1,000 1,000 1,000 0,487 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Would like to try 1,000 0,777 1,000 1,000 1,000 0,341 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,772 0,930 1,000 

Don’t want to try 0,211 0,018 0,120 0,502 0,544 0,013 0,083 0,932 0,525 0,136 1,000 1,000 0,118 0,056 0,080 1,000 

I have 

tried 

I use often 1,000 0,442 1,000 1,000 1,000 0,487 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Would like to try 1,000 1,000 1,000 1,000 0,568 1,000 1,000 1,000 0,404 1,000 1,000 1,000 1,000 1,000 1,000 0,293 

Don’t want to try 0,334 0,559 0,262 0,027 0,004 0,336 1,000 0,042 0,001 0,827 1,000 0,208 0,025 0,274 0,164 0,007 

Would 

like to 

try 

I use often 1,000 0,777 1,000 1,000 1,000 0,341 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,772 0,930 1,000 

I have tried 1,000 1,000 1,000 1,000 0,568 1,000 1,000 1,000 0,404 1,000 1,000 1,000 1,000 1,000 1,000 0,293 

Don’t want to try 0,006 0,000 0,008 0,238 0,067 0,002 0,001 0,202 0,017 0,003 0,074 0,401 0,008 0,004 0,037 0,582 

Don’t 

want to 

try 

I use often 0,211 0,018 0,120 0,502 0,544 0,013 0,083 0,932 0,525 0,136 1,000 1,000 0,118 0,056 0,080 1,000 

I have tried 0,334 0,559 0,262 0,027 0,004 0,336 1,000 0,042 0,001 0,827 1,000 0,208 0,025 0,274 0,164 0,007 

Would like to try 0,006 0,000 0,008 0,238 0,067 0,002 0,001 0,202 0,017 0,003 0,074 0,401 0,008 0,004 0,037 0,582 

  Table 5 Table 6 Table 7 Table 8 

I use 

often 

I have tried 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Would like to try 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Don’t want to try 1,000 0,363 1,000 1,000 0,965 0,322 1,000 1,000 1,000 1,000 1,000 1,000 0,873 0,244 0,963 1,000 

I have 

tried 

I use often 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Would like to try 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Don’t want to try 0,089 0,324 0,226 0,304 0,006 0,159 1,000 0,527 0,007 0,087 1,000 0,228 0,004 0,098 1,000 0,580 

Would 

like to 

try 

I use often 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

I have tried 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Don’t want to try 0,007 0,011 0,003 0,867 0,004 0,020 0,067 1,000 0,001 0,007 0,010 0,109 0,001 0,003 0,037 0,338 

Don’t 

want to 

try 

I use often 1,000 0,363 1,000 1,000 0,965 0,322 1,000 1,000 1,000 1,000 1,000 1,000 0,873 0,244 0,963 1,000 

I have tried 0,089 0,324 0,226 0,304 0,006 0,159 1,000 0,527 0,007 0,087 1,000 0,228 0,004 0,098 1,000 0,580 

Would like to try 0,007 0,011 0,003 0,867 0,004 0,020 0,067 1,000 0,001 0,007 0,010 0,109 0,001 0,003 0,037 0,338 
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Table A3. 10-Alternative choice based on experience with shared vehicles in inter and intra-municipal trips 

 

Modality Experience Alternative 1 

1 2 3 4 5 6 7 8 

Inter-
municipal 

I use often 33,3% 33,3% 33,3% 0,0% 33,3% 33,3% 33,3% 33,3% 

I have tried 28,6% 4,8% 0,0% 4,8% 14,3% 0,0% 4,8% 0,0% 

would like to try 23,8% 18,8% 22,5% 16,3% 15,0% 15,0% 12,5% 12,5% 

Don’t want to try 40,4% 32,7% 38,5% 38,5% 36,5% 34,6% 34,6% 34,6% 

Intra-
municipal 

I use often 0,0% 0,0% 0,0% 0,0% 20,0% 0,0% 0,0% 0,0% 
I have tried 21,4% 7,1% 7,1% 14,3% 14,3% 7,1% 7,1% 7,1% 

would like to try 27,0% 24,3% 21,6% 24,3% 21,6% 16,2% 16,2% 18,9% 

Don’t want to try 44,7% 34,2% 39,5% 34,2% 34,2% 31,6% 31,6% 31,6%  
 Alternative 2 

1 2 3 4 5 6 7 8 

Inter-
municipal 

I use often 33,3% 33,3% 66,7% 66,7% 66,7% 66,7% 66,7% 66,7% 

I have tried 33,3% 28,6% 47,6% 47,6% 33,3% 47,6% 42,9% 47,6% 

would like to try 32,5% 38,8% 43,8% 38,8% 35,0% 37,5% 38,8% 41,3% 

Don’t want to try 26,9% 26,9% 25,0% 25,0% 23,1% 28,8% 26,9% 28,8% 

Intra-
municipal 

I use often 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 

I have tried 28,6% 42,9% 42,9% 35,7% 28,6% 42,9% 35,7% 42,9% 

would like to try 13,5% 10,8% 13,5% 16,2% 13,5% 27,0% 18,9% 18,9% 
Don’t want to try 34,2% 39,5% 44,7% 39,5% 34,2% 42,1% 42,1% 44,7%   

Alternative 3 

1 2 3 4 5 6 7 8 

Inter-
municipal 

I use often 33,3% 33,3% 0,0% 33,3% 0,0% 0,0% 0,0% 0,0% 

I have tried 38,1% 66,7% 52,4% 47,6% 52,4% 52,4% 52,4% 52,4% 

would like to try 43,8% 42,5% 33,8% 45,0% 50,0% 47,5% 48,8% 46,3% 

Don’t want to try 32,7% 40,4% 36,5% 36,5% 40,4% 36,5% 38,5% 36,5% 

Intra-
municipal 

I use often 80,0% 80,0% 80,0% 80,0% 60,0% 80,0% 80,0% 80,0% 

I have tried 50,0% 50,0% 50,0% 50,0% 57,1% 50,0% 57,1% 50,0% 

would like to try 59,5% 64,9% 64,9% 59,5% 64,9% 56,8% 64,9% 62,2% 

Don’t want to try 21,1% 26,3% 15,8% 26,3% 31,6% 26,3% 26,3% 23,7% 
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Table A3. 11-Bonferoni correction to age on alternative choice in inter an intra- municipal commuting 

 

 

 

 

 

 

 

 

 

 

 

Multiple corrections 

(I) Age (J) Age (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 1 Table 2 Table 3 Table 4 

<18 18 to 25 ,310 ,493 1,000 ,202 ,472 1,000 ,202 ,470 1,000 -,131 ,477 1,000 

26 to 35 -,061 ,528 1,000 -,152 ,506 1,000 ,030 ,504 1,000 -,394 ,511 1,000 

36 to 50 ,848 ,499 1,000 ,712 ,478 1,000 ,758 ,476 1,000 ,424 ,483 1,000 

51 to 65 ,897 ,495 1,000 ,705 ,474 1,000 ,782 ,472 1,000 ,410 ,479 1,000 

65< ,417 ,620 1,000 ,667 ,594 1,000 ,667 ,591 1,000 ,083 ,600 1,000 

18 to 25 <18 -,310 ,493 1,000 -,202 ,472 1,000 -,202 ,470 1,000 ,131 ,477 1,000 

26 to 35 -,370 ,289 1,000 -,354 ,277 1,000 -,172 ,275 1,000 -,263 ,279 1,000 

36 to 50 ,539 ,231 ,330 ,510 ,221 ,356 ,555 ,220 ,203 ,555 ,224 ,224 

51 to 65 ,588 ,221 ,139 ,503 ,212 ,296 ,580 ,211 ,108 ,541 ,214 ,197 

65< ,107 ,434 1,000 ,464 ,416 1,000 ,464 ,413 1,000 ,214 ,420 1,000 

26 to 35 <18 ,061 ,528 1,000 ,152 ,506 1,000 -,030 ,504 1,000 ,394 ,511 1,000 

18 to 25 ,370 ,289 1,000 ,354 ,277 1,000 ,172 ,275 1,000 ,263 ,279 1,000 

36 to 50 ,909 ,300 ,047 ,864 ,287 ,051 ,727 ,286 ,189 ,818 ,290 ,088 

51 to 65 ,958 ,292 ,022 ,857 ,280 ,044 ,752 ,278 ,124 ,804 ,282 ,082 

65< ,477 ,474 1,000 ,818 ,454 1,000 ,636 ,452 1,000 ,477 ,458 1,000 

36 to 50 <18 -,848 ,499 1,000 -,712 ,478 1,000 -,758 ,476 1,000 -,424 ,483 1,000 

18 to 25 -,539 ,231 ,330 -,510 ,221 ,356 -,555 ,220 ,203 -,555 ,224 ,224 

26 to 35 -,909 ,300 ,047 -,864 ,287 ,051 -,727 ,286 ,189 -,818 ,290 ,088 

51 to 65 ,049 ,235 1,000 -,007 ,225 1,000 ,024 ,224 1,000 -,014 ,227 1,000 

65< -,432 ,441 1,000 -,045 ,423 1,000 -,091 ,420 1,000 -,341 ,427 1,000 

51 to 65 <18 -,897 ,495 1,000 -,705 ,474 1,000 -,782 ,472 1,000 -,410 ,479 1,000 

18 to 25 -,588 ,221 ,139 -,503 ,212 ,296 -,580 ,211 ,108 -,541 ,214 ,197 

26 to 35 -,958 ,292 ,022 -,857 ,280 ,044 -,752 ,278 ,124 -,804 ,282 ,082 

36 to 50 -,049 ,235 1,000 ,007 ,225 1,000 -,024 ,224 1,000 ,014 ,227 1,000 

65< -,481 ,436 1,000 -,038 ,418 1,000 -,115 ,415 1,000 -,327 ,422 1,000 

65< <18 -,417 ,620 1,000 -,667 ,594 1,000 -,667 ,591 1,000 -,083 ,600 1,000 

18 to 25 -,107 ,434 1,000 -,464 ,416 1,000 -,464 ,413 1,000 -,214 ,420 1,000 

26 to 35 -,477 ,474 1,000 -,818 ,454 1,000 -,636 ,452 1,000 -,477 ,458 1,000 

36 to 50 ,432 ,441 1,000 ,045 ,423 1,000 ,091 ,420 1,000 ,341 ,427 1,000 

51 to 65 ,481 ,436 1,000 ,038 ,418 1,000 ,115 ,415 1,000 ,327 ,422 1,000 
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Multiple Corrections 

(I) Age (J) Age (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 5 Table 6 Table 7 Tabela 8 

<18 18 to 25 ,202 ,491 1,000 -,500 ,448 1,000 ,095 ,447 1,000 -,571 ,454 1,000 

26 to 35 -,061 ,527 1,000 -,727 ,481 1,000 -,061 ,479 1,000 -,636 ,487 1,000 

36 to 50 ,667 ,498 1,000 ,000 ,454 1,000 ,667 ,453 1,000 ,045 ,460 1,000 

51 to 65 ,705 ,493 1,000 ,000 ,450 1,000 ,705 ,449 1,000 ,000 ,455 1,000 

65< ,417 ,618 1,000 -,250 ,564 1,000 ,167 ,562 1,000 -,250 ,571 1,000 

18 to 25 <18 -,202 ,491 1,000 ,500 ,448 1,000 -,095 ,447 1,000 ,571 ,454 1,000 

26 to 35 -,263 ,288 1,000 -,227 ,263 1,000 -,156 ,262 1,000 -,065 ,266 1,000 

36 to 50 ,464 ,230 ,703 ,500 ,210 ,294 ,571 ,210 ,116 ,617 ,213 ,071 

51 to 65 ,503 ,220 ,372 ,500 ,201 ,221 ,610 ,200 ,046 ,571 ,203 ,092 

65< ,214 ,432 1,000 ,250 ,394 1,000 ,071 ,393 1,000 ,321 ,399 1,000 

26 to 35 <18 ,061 ,527 1,000 ,727 ,481 1,000 ,061 ,479 1,000 ,636 ,487 1,000 

18 to 25 ,263 ,288 1,000 ,227 ,263 1,000 ,156 ,262 1,000 ,065 ,266 1,000 

36 to 50 ,727 ,299 ,253 ,727 ,273 ,136 ,727 ,272 ,133 ,682 ,276 ,231 

51 to 65 ,766 ,291 ,150 ,727 ,265 ,112 ,766 ,265 ,072 ,636 ,269 ,301 

65< ,477 ,472 1,000 ,477 ,431 1,000 ,227 ,430 1,000 ,386 ,436 1,000 

36 to 50 <18 -,667 ,498 1,000 ,000 ,454 1,000 -,667 ,453 1,000 -,045 ,460 1,000 

18 to 25 -,464 ,230 ,703 -,500 ,210 ,294 -,571 ,210 ,116 -,617 ,213 ,071 

26 to 35 -,727 ,299 ,253 -,727 ,273 ,136 -,727 ,272 ,133 -,682 ,276 ,231 

51 to 65 ,038 ,234 1,000 ,000 ,214 1,000 ,038 ,213 1,000 -,045 ,216 1,000 

65< -,250 ,439 1,000 -,250 ,401 1,000 -,500 ,400 1,000 -,295 ,406 1,000 

51 to 65 <18 -,705 ,493 1,000 ,000 ,450 1,000 -,705 ,449 1,000 ,000 ,455 1,000 

18 to 25 -,503 ,220 ,372 -,500 ,201 ,221 -,610 ,200 ,046 -,571 ,203 ,092 

26 to 35 -,766 ,291 ,150 -,727 ,265 ,112 -,766 ,265 ,072 -,636 ,269 ,301 

36 to 50 -,038 ,234 1,000 ,000 ,214 1,000 -,038 ,213 1,000 ,045 ,216 1,000 

65< -,288 ,434 1,000 -,250 ,396 1,000 -,538 ,395 1,000 -,250 ,401 1,000 

65< <18 -,417 ,618 1,000 ,250 ,564 1,000 -,167 ,562 1,000 ,250 ,571 1,000 

18 to 25 -,214 ,432 1,000 -,250 ,394 1,000 -,071 ,393 1,000 -,321 ,399 1,000 

26 to 35 -,477 ,472 1,000 -,477 ,431 1,000 -,227 ,430 1,000 -,386 ,436 1,000 

36 to 50 ,250 ,439 1,000 ,250 ,401 1,000 ,500 ,400 1,000 ,295 ,406 1,000 

51 to 65 ,288 ,434 1,000 ,250 ,396 1,000 ,538 ,395 1,000 ,250 ,401 1,000 
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Table A3. 12-Alternative choice distribution by age for inter and intra-municipal commuting 

Modality Age Alternative 1 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Less than 18 years 100,0% 0,0% 0,0% 0,0% 100,0% 0,0% 100,0% 0,0% 

18 to 25 years 16,3% 7,0% 9,3% 9,3% 11,6% 7,0% 7,0% 7,0% 

26 to 35 years 37,5% 25,0% 31,3% 37,5% 25,0% 25,0% 25,0% 25,0% 
36 to 50 years 29,2% 22,9% 27,1% 20,8% 25,0% 20,8% 14,6% 16,7% 

51 to 65 years 40,4% 34,0% 34,0% 29,8% 27,7% 29,8% 31,9% 29,8% 

More than 65 years 0,0% 0,0% 100,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

Intra-
municipal 

Less than 18 years 0,0% 0,0% 0,0% 33,3% 0,0% 0,0% 0,0% 0,0% 

18 to 25 years 17,9% 10,7% 10,7% 10,7% 14,3% 3,6% 3,6% 3,6% 

26 to 35 years 0,0% 0,0% 0,0% 0,0% 9,1% 0,0% 0,0% 0,0% 

36 to 50 years 50,0% 40,9% 40,9% 40,9% 36,4% 36,4% 36,4% 40,9% 

51 to 65 years 50,0% 38,5% 42,3% 38,5% 38,5% 34,6% 38,5% 34,6% 

More than 65 years 25,0% 25,0% 25,0% 25,0% 25,0% 25,0% 0,0% 25,0%  
 Alternative 2 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Less than 18 years 0,0% 100,0% 100,0% 100,0% 0,0% 100,0% 0,0% 100,0% 

18 to 25 years 25,6% 27,9% 44,2% 34,9% 23,3% 41,9% 34,9% 41,9% 

26 to 35 years 31,3% 37,5% 31,3% 25,0% 37,5% 31,3% 25,0% 37,5% 

36 to 50 years 39,6% 33,3% 39,6% 43,8% 37,5% 39,6% 41,7% 43,8% 

51 to 65 years 25,5% 34,0% 34,0% 29,8% 29,8% 27,7% 34,0% 27,7% 

More than 65 years 100,0% 100,0% 0,0% 100,0% 100,0% 100,0% 100,0% 100,0% 

Intra-
municipal 

Less than 18 years 33,3% 33,3% 33,3% 0,0% 33,3% 100,0% 33,3% 100,0% 
18 to 25 years 28,6% 32,1% 32,1% 32,1% 25,0% 42,9% 35,7% 35,7% 

26 to 35 years 27,3% 18,2% 36,4% 27,3% 9,1% 27,3% 27,3% 36,4% 

36 to 50 years 18,2% 22,7% 27,3% 27,3% 27,3% 27,3% 27,3% 22,7% 

51 to 65 years 23,1% 26,9% 26,9% 30,8% 26,9% 30,8% 26,9% 30,8% 

More than 65 years 25,0% 50,0% 50,0% 25,0% 25,0% 25,0% 50,0% 25,0%   
Alternative 3 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Less than 18 years 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

18 to 25 years 58,1% 65,1% 46,5% 55,8% 65,1% 51,2% 58,1% 51,2% 

26 to 35 years 31,3% 37,5% 37,5% 37,5% 37,5% 43,8% 50,0% 37,5% 

36 to 50 years 31,3% 43,8% 33,3% 35,4% 37,5% 39,6% 43,8% 39,6% 

51 to 65 years 34,0% 31,9% 31,9% 40,4% 42,6% 42,6% 34,0% 42,6% 

More than 65 years 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

Intra-
municipal 

Less than 18 years 66,7% 66,7% 66,7% 66,7% 66,7% 0,0% 66,7% 0,0% 

18 to 25 years 53,6% 57,1% 57,1% 57,1% 60,7% 53,6% 60,7% 60,7% 

26 to 35 years 72,7% 81,8% 63,6% 72,7% 81,8% 72,7% 72,7% 63,6% 

36 to 50 years 31,8% 36,4% 31,8% 31,8% 36,4% 36,4% 36,4% 36,4% 

51 to 65 years 26,9% 34,6% 30,8% 30,8% 34,6% 34,6% 34,6% 34,6% 

More than 65 years 50,0% 25,0% 25,0% 50,0% 50,0% 50,0% 50,0% 50,0% 
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Table A3. 13-Bonferoni correction to transport mode on alternative choice in inter-municipal commuting 

Multiple corrections 

Transport (I) Transport (J) (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 1 Table 2 Table 5 Table 7 Table 8 

Private vehicle 

as a driver 

Passenger -,475 ,270 ,240 -,225 ,255 1,000 -,314 ,259 ,684 -,382 ,249 ,380 -,382 ,245 ,365 

Public transport -,396 ,139 ,015 -,415 ,132 ,006 -,386 ,134 ,014 -,335 ,129 ,030 -,297 ,127 ,062 

Private vehicle 

as a passenger 

Driver ,475 ,270 ,240 ,225 ,255 1,000 ,314 ,259 ,684 ,382 ,249 ,380 ,382 ,245 ,365 

Public transport ,079 ,279 1,000 -,191 ,264 1,000 -,072 ,269 1,000 ,047 ,257 1,000 ,085 ,254 1,000 

Public transport Driver ,396 ,139 ,015 ,415 ,132 ,006 ,386 ,134 ,014 ,335 ,129 ,030 ,297 ,127 ,062 

Passenger -,079 ,279 1,000 ,191 ,264 1,000 ,072 ,269 1,000 -,047 ,257 1,000 -,085 ,254 1,000 

 

Table A3. 14-Bonferoni correction to transport mode on alternative choice in intra-municipal commuting 

Multiple corrections 

Transport (I) Transport (J) (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. (I-J) Error Sig. 

  Table 1 Table 2 Table 3 Table 5 Table 7 

Private vehicle 

as a driver 

Passenger -,475 ,270 ,240 -,225 ,255 1,000 -,311 ,256 ,678 -,314 ,259 ,684 -,382 ,249 ,380 

Public transport -,396 ,139 ,015 -,415 ,132 ,006 -,313 ,132 ,058 -,386 ,134 ,014 -,335 ,129 ,030 

Private vehicle 

as a passenger 

Driver ,475 ,270 ,240 ,225 ,255 1,000 ,311 ,256 ,678 ,314 ,259 ,684 ,382 ,249 ,380 

Public transport ,079 ,279 1,000 -,191 ,264 1,000 -,002 ,265 1,000 -,072 ,269 1,000 ,047 ,257 1,000 

Public transport Driver ,396 ,139 ,015 ,415 ,132 ,006 ,313 ,132 ,058 ,386 ,134 ,014 ,335 ,129 ,030 

Passenger -,079 ,279 1,000 ,191 ,264 1,000 ,002 ,265 1,000 ,072 ,269 1,000 -,047 ,257 1,000 
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Table A3. 15-Alternative choice for every table according to transport mode in inter an intra-municipal trips 

 
 

Alternative 1 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Public transport 22,6% 13,2% 15,1% 17,0% 17,0% 13,2% 15,1% 13,2% 

Private vehicle as a driver 36,6% 28,0% 32,3% 25,8% 28,0% 24,7% 23,7% 23,7% 

Private vehicle as a passenger 10,0% 10,0% 10,0% 10,0% 0,0% 10,0% 0,0% 0,0% 

Intra-
municipal 

Walk or bicycle 6,7% 6,7% 0,0% 6,7% 0,0% 0,0% 0,0% 0,0% 

Public transport 19,0% 9,5% 9,5% 9,5% 19,0% 4,8% 4,8% 4,8% 

Private vehicle as a driver 48,1% 38,5% 42,3% 38,5% 38,5% 34,6% 34,6% 36,5% 

Private vehicle as a passenger 0,0% 0,0% 0,0% 20,0% 0,0% 0,0% 0,0% 0,0% 

Shared vehicle 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 
 

 
Alternative 2 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Public transport 22,6% 24,5% 39,6% 32,1% 18,9% 32,1% 24,5% 32,1% 

Private vehicle as a driver 34,4% 36,6% 36,6% 36,6% 35,5% 37,6% 40,9% 40,9% 

Private vehicle as a passenger 40,0% 50,0% 50,0% 50,0% 60,0% 50,0% 50,0% 50,0% 

Intra-
municipal 

Walk or bicycle 33,3% 33,3% 40,0% 33,3% 33,3% 46,7% 40,0% 46,7% 

Public transport 38,1% 38,1% 47,6% 42,9% 23,8% 47,6% 42,9% 42,9% 

Private vehicle as a driver 17,3% 23,1% 23,1% 25,0% 21,2% 25,0% 25,0% 23,1% 

Private vehicle as a passenger 20,0% 20,0% 20,0% 0,0% 20,0% 60,0% 20,0% 60,0% 
Shared vehicle 0,0% 0,0% 0,0% 0,0% 100,0% 0,0% 0,0% 0,0% 

 
 

Alternative 3 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Public transport 54,7% 62,3% 45,3% 50,9% 64,2% 54,7% 60,4% 54,7% 

Private vehicle as a driver 29,0% 35,5% 31,2% 37,6% 36,6% 37,6% 35,5% 35,5% 

Private vehicle as a passenger 50,0% 40,0% 40,0% 40,0% 40,0% 40,0% 50,0% 50,0% 

 
Intra-

municipal 

Walk or bicycle 60,0% 60,0% 60,0% 60,0% 66,7% 53,3% 60,0% 53,3% 

Public transport 42,9% 52,4% 42,9% 47,6% 57,1% 47,6% 52,4% 52,4% 

Private vehicle as a driver 34,6% 38,5% 34,6% 36,5% 40,4% 40,4% 40,4% 40,4% 

Private vehicle as a passenger 80,0% 80,0% 80,0% 80,0% 80,0% 40,0% 80,0% 40,0% 

Shared vehicle 100,0% 100,0% 100,0% 100,0% 0,0% 100,0% 100,0% 100,0% 
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Table A3. 16-Alternative choice for every table according to transport mode and travel period in inter an intra-municipal trips 

 

- 

 

 
Alternative 1 Alternative 2 Alternative 3 

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 

 Inter-municipal 

Public transport 7,7 4,5 5,1 5,8 5,8 4,5 5,1 4,5 7,7 8,3 13,5 10,9 6,4 10,9 8,3 10,9 18,6 21,2 15,4 17,3 21,8 18,6 20,5 18,6 

No 0,6 0,0 0,0 0,0 0,6 0,0 0,6 0,0 0,0 0,6 0,6 0,6 0,0 0,6 0,0 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 

Yes, in the morning 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,0 0,0 1,3 0,0 0,0 0,0 0,6 0,0 1,9 1,9 0,6 1,9 1,9 1,9 1,3 1,9 

Yes, in the afternoon 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,6 0,0 0,0 0,0 0,6 0,6 3,8 3,8 3,2 3,8 3,8 3,8 3,2 3,2 

Sim, in both periods 6,4 3,8 4,5 5,1 4,5 3,8 3,8 3,8 7,7 7,7 10,9 10,3 6,4 10,3 7,1 9,6 12,2 14,7 10,9 10,9 15,4 12,2 15,4 12,8 

Private vehicle as a driver 21,8 16,7 19,2 15,4 16,7 14,7 14,1 14,1 20,5 21,8 21,8 21,8 21,2 22,4 24,4 24,4 17,3 21,2 18,6 22,4 21,8 22,4 21,2 21,2 

No 3,2 2,6 4,5 3,8 3,2 3,2 3,2 3,2 3,8 3,8 3,2 3,8 3,2 3,8 3,8 4,5 2,6 3,2 1,9 1,9 3,2 2,6 2,6 1,9 

Yes, in the morning 4,5 2,6 3,2 2,6 3,8 3,2 3,2 3,2 2,6 3,8 3,2 3,2 2,6 2,6 3,2 2,6 3,2 3,8 3,8 4,5 3,8 4,5 3,8 4,5 

Yes, in the afternoon 1,9 1,9 1,3 1,3 0,6 1,3 1,9 1,3 0,6 0,6 0,6 0,6 1,3 0,6 0,6 1,3 1,3 1,3 1,9 1,9 1,9 1,9 1,3 1,3 

Sim, in both periods 12,2 9,6 10,3 7,7 9,0 7,1 5,8 6,4 13,5 13,5 14,7 14,1 14,1 15,4 16,7 16,0 10,3 12,8 10,9 14,1 12,8 13,5 13,5 13,5 

 Intra-municipal 

Public transport 5,1 2,6 2,6 2,6 5,1 1,3 1,3 1,3 10,3 10,3 12,8 11,5 6,4 12,8 11,5 11,5 11,5 2,6 2,6 2,6 2,6 2,6 3,2 3,2 

No 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,3 0,6 0,0 0,0 0,0 0,0 0,6 0,6 

Yes, in the morning 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2,6 2,6 2,6 2,6 1,3 2,6 2,6 1,3 1,3 1,3 1,3 1,3 1,3 1,3 1,3 1,3 

Yes, in the afternoon 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,3 0,6 1,3 1,3 1,3 1,3 1,3 1,3 

Sim, in both periods 5,1 2,6 2,6 2,6 5,1 1,3 1,3 1,3 7,7 7,7 10,3 9,0 5,1 10,3 9,0 10,3 7,7 14,1 11,5 12,8 15,4 12,8 14,1 14,1 

Private vehicle as a driver 32,1 25,6 28,2 25,6 25,6 23,1 23,1 24,4 11,5 15,4 15,4 16,7 14,1 16,7 16,7 15,4 23,1 1,3 1,3 1,3 1,3 1,3 1,3 1,3 

No 11,5 7,7 10,3 10,3 9,0 9,0 9,0 9,0 1,3 3,8 2,6 2,6 2,6 2,6 2,6 2,6 2,6 1,3 1,3 1,3 2,6 1,3 1,3 2,6 

Yes, in the morning 3,8 2,6 2,6 2,6 2,6 2,6 2,6 2,6 2,6 2,6 2,6 2,6 2,6 2,6 2,6 2,6 3,8 1,3 1,3 1,3 1,3 1,3 1,3 1,3 

Yes, in the afternoon 2,6 2,6 1,3 1,3 2,6 1,3 0,0 1,3 1,3 2,6 3,8 2,6 1,3 1,3 2,6 1,3 2,6 10,3 7,7 9,0 10,3 9,0 10,3 9,0 

Sim, in both periods 14,1 12,8 14,1 11,5 11,5 10,3 11,5 11,5 6,4 6,4 6,4 9,0 7,7 10,3 9,0 9,0 14,1 25,6 23,1 24,4 26,9 26,9 26,9 26,9 
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Table A3. 17-Alternative choice distribution by distance for inter and intra-municipal commuting 

Modality Distance Alternative 1 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Less than 2 km 50,0% 0,0% 0,0% 0,0% 50,0% 0,0% 50,0% 0,0% 

2 to 5 km 25,0% 0,0% 25,0% 25,0% 25,0% 25,0% 25,0% 25,0% 

5 to 15 km 29,7% 18,9% 27,0% 21,6% 21,6% 16,2% 16,2% 16,2% 

15 to 30 km 28,8% 21,2% 24,2% 21,2% 19,7% 19,7% 18,2% 18,2% 

More than 30 km 31,9% 27,7% 25,5% 23,4% 25,5% 23,4% 21,3% 21,3% 

Intra-
municipal 

Less than 2 km 27,3% 18,2% 18,2% 22,7% 18,2% 18,2% 13,6% 18,2% 

2 to 5 km 30,0% 25,0% 25,0% 20,0% 20,0% 15,0% 15,0% 15,0% 

5 to 15 km 29,0% 25,8% 25,8% 29,0% 29,0% 22,6% 22,6% 22,6% 

15 to 30 km 33,3% 26,7% 26,7% 26,7% 20,0% 20,0% 26,7% 26,7% 

More than 30 km 66,7% 33,3% 50,0% 33,3% 66,7% 33,3% 33,3% 33,3%  
 Alternative 2 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Less than 2 km 50,0% 50,0% 100,0% 100,0% 0,0% 100,0% 50,0% 100,0% 

2 to 5 km 0,0% 50,0% 50,0% 25,0% 25,0% 25,0% 50,0% 50,0% 

5 to 15 km 37,8% 35,1% 35,1% 35,1% 32,4% 43,2% 43,2% 43,2% 

15 to 30 km 25,8% 28,8% 37,9% 34,8% 31,8% 30,3% 30,3% 34,8% 

More than 30 km 34,0% 36,2% 38,3% 36,2% 31,9% 38,3% 36,2% 36,2% 

Intra-
municipal 

Less than 2 km 22,7% 22,7% 31,8% 31,8% 27,3% 36,4% 36,4% 36,4% 

2 to 5 km 30,0% 40,0% 40,0% 40,0% 45,0% 45,0% 40,0% 45,0% 

5 to 15 km 32,3% 29,0% 32,3% 29,0% 19,4% 35,5% 29,0% 29,0% 

15 to 30 km 13,3% 20,0% 20,0% 13,3% 13,3% 20,0% 13,3% 20,0% 

More than 30 km           
Alternative 3 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Less than 2 km 0,0% 50,0% 0,0% 0,0% 50,0% 0,0% 0,0% 0,0% 

2 to 5 km 75,0% 50,0% 25,0% 50,0% 50,0% 50,0% 25,0% 25,0% 

5 to 15 km 32,4% 45,9% 37,8% 43,2% 45,9% 40,5% 40,5% 40,5% 

15 to 30 km 45,5% 50,0% 37,9% 43,9% 48,5% 50,0% 51,5% 47,0% 

More than 30 km 34,0% 36,2% 36,2% 40,4% 42,6% 38,3% 42,6% 42,6% 

Intra-
municipal 

Less than 2 km 50,0% 59,1% 50,0% 45,5% 54,5% 45,5% 50,0% 45,5% 

2 to 5 km 40,0% 35,0% 35,0% 40,0% 35,0% 40,0% 45,0% 40,0% 

5 to 15 km 38,7% 45,2% 41,9% 41,9% 51,6% 41,9% 48,4% 48,4% 

15 to 30 km 53,3% 53,3% 53,3% 60,0% 66,7% 60,0% 60,0% 53,3% 

More than 30 km 33,3% 50,0% 33,3% 50,0% 33,3% 33,3% 33,3% 33,3% 
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Table A3. 18-Alternative choice distribution by trip duration for inter and intra-municipal commuting 

 

Modality Duration Alternative 1 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Less than 10 min 44,4% 22,2% 22,2% 22,2% 33,3% 22,2% 33,3% 22,2% 

10 to 30 minutes 30,0% 18,3% 30,0% 21,7% 23,3% 20,0% 15,0% 16,7% 

30 to 60 minutes 25,0% 25,0% 21,9% 20,3% 18,8% 20,3% 21,9% 20,3% 

More than 60 min 39,1% 21,7% 21,7% 26,1% 26,1% 17,4% 17,4% 17,4% 

Intra-
municipal 

Less than 10 min 40,0% 33,3% 30,0% 33,3% 26,7% 26,7% 20,0% 26,7% 

10 to 30 minutes 32,7% 24,5% 28,6% 26,5% 26,5% 20,4% 24,5% 22,4% 

30 to 60 minutes 15,4% 7,7% 7,7% 7,7% 23,1% 7,7% 7,7% 7,7% 

More than 60 min 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%  
 Alternative 2 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Less than 10 min 44,4% 44,4% 44,4% 44,4% 33,3% 55,6% 44,4% 44,4% 

10 to 30 minutes 31,7% 36,7% 40,0% 36,7% 38,3% 38,3% 43,3% 45,0% 

30 to 60 minutes 35,9% 34,4% 40,6% 42,2% 32,8% 35,9% 34,4% 37,5% 

More than 60 min 8,7% 17,4% 26,1% 13,0% 8,7% 26,1% 17,4% 21,7% 

Intra-
municipal 

Less than 10 min 20,0% 26,7% 30,0% 26,7% 26,7% 30,0% 33,3% 30,0% 

10 to 30 minutes 26,5% 26,5% 30,6% 30,6% 26,5% 40,8% 30,6% 34,7% 

30 to 60 minutes 23,1% 30,8% 30,8% 23,1% 7,7% 23,1% 23,1% 30,8% 

More than 60 min 50,0% 50,0% 50,0% 50,0% 50,0% 50,0% 50,0% 50,0%   
Alternative 3 

1 2 3 4 5 6 7 8 

Inter-
municipal 

Less than 10 min 11,1% 33,3% 33,3% 33,3% 33,3% 22,2% 22,2% 33,3% 

10 to 30 minutes 38,3% 45,0% 30,0% 41,7% 38,3% 41,7% 41,7% 38,3% 

30 to 60 minutes 39,1% 40,6% 37,5% 37,5% 48,4% 43,8% 43,8% 42,2% 

More than 60 min 52,2% 60,9% 52,2% 60,9% 65,2% 56,5% 65,2% 60,9% 

Intra-
municipal 

Less than 10 min 40,0% 40,0% 40,0% 40,0% 46,7% 43,3% 46,7% 43,3% 

10 to 30 minutes 40,8% 49,0% 40,8% 42,9% 46,9% 38,8% 44,9% 42,9% 

30 to 60 minutes 61,5% 61,5% 61,5% 69,2% 69,2% 69,2% 69,2% 61,5% 

More than 60 min 50,0% 50,0% 50,0% 50,0% 50,0% 50,0% 50,0% 50,0% 
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Table A3. 19-Alternative choice based on age of owned vehicle in inter and intra-municipal trips 

 

Modality Vehicle age Alternative 1 

1 2 3 4 5 6 7 8 

Inter-
municipal 

< 2 years 38,9% 38,9% 27,8% 33,3% 27,8% 33,3% 27,8% 27,8% 

2 to 5 years 40,6% 31,3% 31,3% 25,0% 21,9% 18,8% 18,8% 18,8% 

5 to 10 years 26,9% 11,5% 23,1% 15,4% 19,2% 11,5% 11,5% 11,5% 

>10 years 28,6% 25,0% 35,7% 25,0% 32,1% 32,1% 28,6% 28,6% 

Intra-
municipal 

< 2 years 60,0% 40,0% 60,0% 60,0% 40,0% 60,0% 60,0% 60,0% 

2 to 5 years 66,7% 66,7% 58,3% 50,0% 58,3% 50,0% 41,7% 58,3% 

5 to 10 years 47,1% 35,3% 41,2% 47,1% 35,3% 29,4% 35,3% 29,4% 

>10 years 26,1% 17,4% 21,7% 17,4% 21,7% 17,4% 17,4% 17,4% 
 

 Alternative 2 

1 2 3 4 5 6 7 8 

Inter-
municipal 

< 2 years 44,4% 50,0% 55,6% 50,0% 55,6% 44,4% 50,0% 55,6% 

2 to 5 years 25,0% 34,4% 31,3% 31,3% 34,4% 28,1% 31,3% 28,1% 

5 to 10 years 42,3% 42,3% 46,2% 46,2% 42,3% 53,8% 53,8% 53,8% 

>10 years 32,1% 28,6% 25,0% 28,6% 25,0% 32,1% 35,7% 35,7% 

Intra-
municipal 

< 2 years 0,0% 20,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

2 to 5 years 8,3% 8,3% 16,7% 25,0% 16,7% 25,0% 33,3% 16,7% 

5 to 10 years 17,6% 17,6% 17,6% 17,6% 17,6% 23,5% 11,8% 23,5% 

>10 years 26,1% 34,8% 34,8% 30,4% 30,4% 39,1% 34,8% 39,1% 
  

Alternative 3 

1 2 3 4 5 6 7 8 

Inter-
municipal 

< 2 years 16,7% 11,1% 16,7% 16,7% 16,7% 22,2% 22,2% 16,7% 

2 to 5 years 34,4% 34,4% 37,5% 43,8% 43,8% 53,1% 50,0% 53,1% 

5 to 10 years 30,8% 46,2% 30,8% 38,5% 38,5% 34,6% 34,6% 34,6% 

>10 years 39,3% 46,4% 39,3% 46,4% 42,9% 35,7% 35,7% 35,7% 

Intra-
municipal 

< 2 years 40,0% 40,0% 40,0% 40,0% 60,0% 40,0% 40,0% 40,0% 

2 to 5 years 25,0% 25,0% 25,0% 25,0% 25,0% 25,0% 25,0% 25,0% 

5 to 10 years 35,3% 47,1% 41,2% 35,3% 47,1% 47,1% 52,9% 47,1% 

>10 years 47,8% 47,8% 43,5% 52,2% 47,8% 43,5% 47,8% 43,5% 
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Table A3. 20-alternative choice by household income for inter an intra-municipal commuting 

 

Modality My household 
income allows 
me to live with 

Alternative 1 

1 2 3 4 5 6 7 8 

Inter-
municipal 

struggle 50,0% 33,3% 33,3% 16,7% 33,3% 33,3% 33,3% 33,3% 

moderation 30,9% 21,3% 27,7% 24,5% 24,5% 20,2% 19,1% 19,1% 

ease 29,8% 23,4% 21,3% 19,1% 19,1% 19,1% 19,1% 17,0% 

not answer 11,1% 11,1% 11,1% 11,1% 11,1% 11,1% 11,1% 11,1% 
Intra-
municipal 

struggle 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 

moderation 35,1% 26,3% 28,1% 24,6% 28,1% 19,3% 19,3% 21,1% 

ease 25,9% 22,2% 18,5% 25,9% 18,5% 18,5% 22,2% 18,5% 

not answer 22,2% 11,1% 22,2% 22,2% 22,2% 22,2% 11,1% 22,2%  
 Alternative 2 

1 2 3 4 5 6 7 8 

Inter-
municipal 

struggle 16,7% 0,0% 16,7% 33,3% 0,0% 16,7% 16,7% 16,7% 

moderation 30,9% 35,1% 36,2% 36,2% 29,8% 38,3% 36,2% 40,4% 

ease 27,7% 29,8% 40,4% 31,9% 34,0% 34,0% 34,0% 36,2% 

not answer 55,6% 55,6% 66,7% 55,6% 55,6% 44,4% 55,6% 44,4% 

Intra-
municipal 

struggle 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

moderation 24,6% 26,3% 29,8% 31,6% 26,3% 35,1% 33,3% 31,6% 
ease 29,6% 29,6% 37,0% 29,6% 25,9% 44,4% 29,6% 44,4% 

not answer 11,1% 33,3% 22,2% 11,1% 11,1% 11,1% 22,2% 11,1%   
Alternative 3 

1 2 3 4 5 6 7 8 

Inter-
municipal 

struggle 33,3% 66,7% 50,0% 50,0% 66,7% 50,0% 50,0% 50,0% 

moderation 38,3% 43,6% 36,2% 39,4% 45,7% 41,5% 44,7% 40,4% 

ease 42,6% 46,8% 38,3% 48,9% 46,8% 46,8% 46,8% 46,8% 

not answer 33,3% 33,3% 22,2% 33,3% 33,3% 44,4% 33,3% 44,4% 

Intra-
municipal 

struggle 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

moderation 40,4% 47,4% 42,1% 43,9% 45,6% 45,6% 47,4% 47,4% 

ease 44,4% 48,1% 44,4% 44,4% 55,6% 37,0% 48,1% 37,0% 

not answer 66,7% 55,6% 55,6% 66,7% 66,7% 66,7% 66,7% 66,7% 
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Table A3. 21-Alternative choice distribution by purpose for inter and intra-municipal commuting 

 

Purpose Alternative 1 Alternative 2 Alternative 3 

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 

 Inter-municipal 

Personal activities 33,3 33,3 33,3 33,3 0,0 33,3 33,3 33,3 33,3 33,3 33,3 33,3 66,7 33,3 33,3 33,3 33,3 33,3 33,3 33,3 33,3 33,3 33,3 33,3 

Social activities 40,0 20,0 60,0 60,0 40,0 40,0 40,0 40,0 20,0 60,0 20,0 40,0 20,0 20,0 20,0 40,0 40,0 20,0 20,0 0,0 40,0 40,0 40,0 20,0 

Home-School-
Work-School-
Home 

22,7 18,2 27,3 13,6 18,2 18,2 13,6 18,2 45,5 45,5 50,0 54,5 40,9 54,5 45,5 40,9 31,8 36,4 22,7 31,8 40,9 27,3 40,9 40,9 

Home-
School/workHome 

30,1 22,1 21,2 20,4 22,1 17,7 17,7 15,9 26,5 27,4 36,3 31,0 26,5 32,7 31,9 37,2 43,4 50,4 42,5 48,7 51,3 49,6 50,4 46,9 

Essentials 
shopping 

50,0 0,0 50,0 25,0 25,0 25,0 25,0 25,0 50,0 75,0 25,0 50,0 50,0 50,0 50,0 50,0 0,0 25,0 25,0 25,0 25,0 25,0 25,0 25,0 

Other shopping 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Other 50,0 50,0 50,0 50,0 50,0 50,0 50,0 50,0 50,0 50,0 50,0 50,0 50,0 50,0 50,0 50,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Health 40,0 40,0 40,0 40,0 40,0 40,0 40,0 40,0 20,0 20,0 40,0 20,0 40,0 20,0 60,0 20,0 40,0 40,0 20,0 40,0 20,0 40,0 0,0 40,0 

 Intra-municipal 

Personal activities 40,0 40,0 40,0 40,0 40,0 40,0 40,0 40,0 0,0 20,0 20,0 0,0 0,0 0,0 0,0 0,0 60,0 40,0 40,0 60,0 60,0 60,0 60,0 60,0 

Home-School-
Work-School-
Home 

45,5 36,4 36,4 45,5 36,4 18,2 27,3 27,3 18,2 27,3 27,3 18,2 9,1 45,5 18,2 27,3 36,4 36,4 36,4 36,4 54,5 36,4 54,5 45,5 

Home-
School/work-
Home 

27,8 19,4 22,2 20,8 20,8 18,1 18,1 18,1 27,8 29,2 31,9 31,9 29,2 37,5 34,7 37,5 44,4 51,4 45,8 47,2 50,0 44,4 47,2 44,4 

Essentials 
shopping 

33,3 33,3 0,0 0,0 33,3 33,3 0,0 33,3 33,3 33,3 66,7 66,7 33,3 33,3 66,7 33,3 33,3 33,3 33,3 33,3 33,3 33,3 33,3 33,3 

Other 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 

Health 100,0 100,0 100,0 100,0 100,0 50,0 50,0 50,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 50,0 50,0 50,0 

 


