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Abstract

technological revolution, an economic revolution.

evolution forecasts.

Background: Pollution, traffic accidents, and congestion are huge problems in most urban areas. Autonomous and
electric vehicles are leading our society to a new mobility model, also known as the New Era of Transportation
(NERTRA). Mobility is a strategic issue for any country, and this change of model will mean, in addition to a great

Methodology: The purpose of this work is to carry out a study of the main economic sectors affected in Spain and
evaluate the economic impact that autonomous vehicles will have on each one. Data from this sector have been
collected, analyzing the economic and technological factors that will affect to a greater or lesser extent and made

Results: The study presents three different scenarios depending on how the transition progresses. The results are
presented by each sector in each of these scenarios. These results have great value for the industry itself and the
professionals affected, as well as for the authorities of the country to take the appropriate measures from the
beginning of the transition. The sectors directly affected by this change represent more than 38% of the gross
domestic product of Spain. Key factors, such as technological innovation in vehicles, and the emergence of new
business and mobility models determine drastic changes in some important sectors. It is important to make quick
decisions both from administrations and from the industry itself to adapt to new mobility.

Keywords: Autonomous vehicles, Mobility, Economy, Spain, NERTRA, GDP

1 Introduction

Autonomous vehicles are a disruptive change in trans-
port systems. These vehicles will change the way people
and goods move, and also the way we do business. Re-
search on autonomous vehicles has grown significantly
in the last decade. In 2003, the Grand Challenge was
launched by the Defense Advanced Research Projects
Agency (DARPA) to spur innovation in unmanned
ground vehicle navigation. In 2005, Stanford’s robot
“Stanley” was finished the race ahead of all other vehicles
and won the challenge [1]. Companies like Tesla, Uber,
Lyft, or Google, among many others, have developed au-
tonomous technologies in order to have autonomous-
driving commercial services. In June 2018 Waymo’s
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autonomous vehicles fleet had self-driven more than 7
million miles, mostly on city streets [2].

A great revolution is coming in transport, and the key
issue that determines the success of these technologies is
the huge problems they will solve: pollution, accidents,
and congestion. Air pollution is a very important envir-
onmental and social issue. Particulate matters, ozone, ni-
trogen dioxide, benzene, among other pollutants, have
adverse effects on human health and the environment.
The 2016 European air quality report, published by EEA,
showed that 31,520 people died in Spain that year be-
cause of pollution [3]. It estimates that over 520,000
people die each year in Europe because of pollution.
Traffic accidents are a social drama. In 2016, 102,635 ac-
cidents were registered in Spain and 1810 people died
[4]. These fatalities have major economic impacts; the
cost is on the order of 10,3 billion € per year in Spain.
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This issue is really a large-scale problem, the World
Health Organization estimated that 1,25 million people
died in the world in 2013 due to traffic accidents [5].
The study of the NHTSA estimates that about 93% of
accidents are caused by human factors [6]. Congestion
and bottlenecks are a great concern of many cities all
around the world, the bigger the metropolitan area, the
greater the importance of this issue. A recent study of
the impact of traffic congestion in different cities of
Spain estimates that Spanish people spent an average of
17h in congestion in 2017 [7]. The worst cities are
Madrid and Barcelona, where this value increases to 42
and 33h, respectively. It means that Spanish people
spend over 830 million hours per year in congestion.

Electric vehicles have the potential to eliminate almost
all the emissions from the combustion engine vehicles
while the power generation will be sustainable [8].
Autonomous vehicles have the potential to dramatically
reduce crashes [9]. Artificial intelligence and communica-
tion technologies bring new solutions and business
models, such as ride-sharing services, on-demand services,
or “Mobility as a service” (MaaS), which will reduce con-
gestion in urban areas.

The economic effects of this revolution in transport
will be very remarkable. One of the first analyses esti-
mated the economic impact of autonomous vehicles
up to $1.9 trillion per year by 2025 [10]. Recent re-
search finds that autonomous driving technology will
enable a new economy worth $7 trillion in 2050 [11].

Technological innovation advances much faster than
the legislation that allows its deployment. However, le-
gislation is important to drive the transition to new mo-
bility models. In recent years, Spanish policymakers have
already begun this task. In 2015, the Directorate General
for Traffic of Spain approved a procedure to regulate
and authorized research tests of autonomous vehicles in
public roads, through Instruction 15/V-113 [12]. In
2017, the Congress of Deputies of Spain unanimously
approved the NLP “Non-Law Proposition for the promo-
tion and development of the autonomous vehicles (Ref.
162/000451)” in order to develop national legislation for
these technologies.

This national legislation contemplates any type of test
that manufacturers, companies, universities, or research
centers wish to carry out. Each autonomous vehicle
must obtain a certificate from a technical service accre-
dited by ENAC (National Accreditation Entity) to carry
out these experimental tests. This certificate, depending
on the characteristics and technology of the vehicle, will
limit its scope of operation. Furthermore, each vehicle
must have one or more drivers with a valid driver’s li-
cense. The driver may be inside the vehicle or act re-
motely and must be able to take full control of the
vehicle in the event of any eventuality that arises.
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At the regional level, the first administration to legis-
late this sector was Castilla y Leén Government through
Law 9/2018, of December 20, on public transport for
passengers by roads by regulating autonomous driving
and the new mobility system [13]. On March 18, 2019,
the City Council of Ledn signed the agreement that al-
lows experimental tests of autonomous vehicles in the
streets of this city. Le6n became in the first Spanish city
with a regulation to become a NERTRA City.

Based on the NPL of the Congress of Deputies, it is
expected that in the coming months and years, new reg-
ulations will be developed in many other regions
throughout the country. A good example is the pilot
projects carried out recently in cities such as Madrid,
Madlaga, or Vigo. From a legislative point of view, we can
consider that Spain has taken the first steps in the tran-
sition towards a new mobility model.

This paper seeks to analyze the impact of autonomous
vehicles in the Spanish economy and the main business
sectors affected. Section 2 presents the methodology
used in this study. Section 3, part 1 shows the results ob-
tained using this methodology, and part 2 shows the
analysis of each of the sectors studied in this paper. Fi-
nally, the conclusions are presented.

2 Methods

The main objective of this study is to determine how
transport will evolve in Spain with the introduction of
new technologies, which will lead to a mobile park based
on autonomous and electric vehicles.

For this, a collection of data regarding different trans-
port subsectors has been carried out. Macroeconomic
figures are analyzed to establish a current map of the
state of the sector. Specifically, the Gross Domestic
Product will be used as the main indicator of the study
because it shows the market value of different sectors in
specific periods of time. The study is based on available
data whose sources are different organizations and en-
tities referenced throughout the manuscript. Forecasts
are made for the future situation of the irruption of
these new technologies in transport.

Throughout this article, a series of data regarding the
industries considered as most affected by the new mobil-
ity paradigm are presented. Secondary sources have been
used for data collection, which provides key indicators in
the analysis of the current situation of these industries
concerning transport. Asserting that a transition phase is
going to take place, where autonomous vehicles are go-
ing to live together with engine vehicles, an estimation
of the future situation of each industry has been made.
Different forecasts made on the entry of autonomous ve-
hicles into the market agree that it will not be linear,
and will resemble an exponential curve [9, 14]. This
means that in the early stages autonomous vehicles will
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have a small market share, while in the last stage they
will experience great growth. According to these fore-
casts, the authors have selected three stages of the tran-
sition to carry out the study, the first with a market
share of 20%, the second with 50%, and the third with
100%, considering them as the most representatives.

Through the analysis of time series, some key indica-
tors are analyzed that demonstrate how the sector would
evolve if the transport model continued as before if
changes and new technologies were not introduced.

On the other hand, an estimate is made of the vari-
ation of the indicators in the proposed scenarios.

For the preparation of the time series, the ARIMA
model (an acronym for autoregressive integrated moving
average) has been applied and is represented as follows:

p q
Yi= - (AdYt— Yt) + ¢OZ¢iAdYt—z’_ Zeiet—i + &
—

i=1 i

Where d corresponds to the d differences that are ne-
cessary to convert the original series to stationary, ¢, ...,
¢, are the parameters belonging to the “autoregressive”
part of the model, 6,, ..., 6, the parameters belonging to
the “moving averages” part of the model, ¢, is an error
term and ¢ is a constant [15].

Taking into account that:

AY, =Y,-Y;:

It is a quantitative method in which the prediction is
made based on the historical information we have avail-
able. This model is made up of three components: (AR)
autoregressive, (I) integrated, and (MA) moving aver-
ages. For an ARIMA model (p, d, q) the parameters (p,
d, q) must be determined with the most appropriate
values. These will be non-negative integers.

First, an exploratory analysis of the data set has been
performed. Subsequently, the detection of possible out-
liers was carried out. In those cases where outliers were
present, they have been removed from the study. After
cleaning the database, the object has been created for
the time series. Its decomposition has been carried out
in order to stabilize the variance, as well as to detect and
eliminate the trend and seasonality. Finally, forecasting
has been carried out through the ARIMA model, deter-
mining the optimal model.

The series modeled in this manuscript are, on the one
hand, the number of minor injuries on Spanish roads;
the movement of goods (in tons) transported by air; and
the consumer price index of the transport sector, ana-
lyzed under the hypothesis of continuity of the current
transportation model without introducing any changes.
On the other hand, the evolution of GDP in the different
study sectors, in this case, under the hypothesis of the
entry into the market of autonomous vehicles.
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According to what was stated in the introduction re-
garding the relevance that autonomous vehicles will have
in the market, the particularization of the model in each
of the study sectors is important (Section 3.2). It is ne-
cessary to identify different indicators that determine the
variation of the model parameters and establish the
trend of the prediction. This procedure has been applied
to all the predictions made in the study. The results are
presented in the next section.

3 Results

The results of the forecasts made using the ARIMA
model and analysis of each sector affected by autono-
mous vehicles are featured below.

3.1 Forecasting

The variables selected for this study assume, among the
available data, a representative sample of the current
situation of the sector. In addition, they give us informa-
tion on how the current scenario would progress if
technological improvements in transport were not intro-
duced. In the first case, the number of minor injuries on
Spanish roads between January 1993 and December
2017 is analyzed. Road deaths have been reduced, above
all, by the driving assistance systems incorporated in the
vehicles and, moreover, by the controls established by
the authorities. This does not mean, however, that acci-
dents have decreased, but rather that they are less ser-
ious. For this reason, the variable minor injuries become
relevant to this study. As we can see through Fig. 1, the
prediction for this time series confirms a continued in-
crease in the number of minor injuries on the roads.

Secondly, reference is made to air traffic statistics in
Spain. The movement of goods (in tons) transported by
air between January 2004 and August 2019 has been an-
alyzed. This variable refers to the existing demand
within the logistics sector in the airfield. In Fig. 2 we can
see how the forecast is an uptrend. This means that, pre-
dictably, freight traffic will continue to increase, all of
which is encouraged by e-commerce that, in the last
decade has achieved a growth in the logistics sector glo-
bally. The increase in the transport of goods by air ne-
cessarily implies an increase in the transport of goods by
land, in the distribution of medium and short distances
Fig. 3.

Finally, a forecast for the consumer price index of the
transport sector has been made (Fig. 3). The data cover
the period from January 2015 to March 2019. The re-
sults indicate an uptrend. It should be taken into ac-
count that this kind of analysis is carried out only
considering historical data and, therefore, does not take
into account the influence of other independent vari-
ables within the forecast. We can interpret, for example,
that the fact that the current transport model is
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Fig. 1 The number of minor injuries on Spanish roads between January 1993 and December 2017

supported by fossil fuels with a limited life cycle, makes
prices more expensive for the consumer. Not only that
but having a vehicle owned is more expensive than hav-
ing a mobility service on demand. With a new mobility
service, on-demand consumers will have a more custom-
ized service while their waiting times will be reduced.
This will lead to a greater willingness to move, as it is
already mentioned, and will open the door to more flex-
ible fees [16].

A strategic datum for making the forecasts of the im-
pact on GDP in the different sectors is to determine the
variation in the number of vehicles. In this case, the re-
sults obtained by applying the ARIMA method, de-
scribed in Section 2, according to key variables and data
collection, are presented in a table mode, to facilitate

their understanding and observe the percentage varia-
tions in the three scenarios selected for the study. A pro-
gressive change can be seen in the configuration of the
country’s vehicle fleet. These results will be discussed in
Section 3.2, part a.

Lastly, the summary of the forecasts of the evolu-
tion of the GDP in the analyzed industries is pre-
sented, obtained from the application of the ARIMA
method as well, basing on the key variables which in-
fluence GDP: Consumption, investment public spend-
ing, and the framework of the three scenarios
proposed: Inclusion of autonomous vehicles in GDP
data for 1. Inclusion of 20%; 2. Inclusion of 50%; 3.
Inclusion of 100%. As in the previous case, the results
are presented in the below chart, Table 2, to obtain a
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Fig. 2 The movement of goods (in tons) transported by air between January 2004 and August 2019
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Fig. 3 The consumer price index of the transport sector between 2015 and 2019

complete vision of the evolution of the impact in the
different sectors according to the growth of the mar-
ket share that autonomous vehicles will represent. An
important negative trend is observed in most of them,
while others acquire greater relevance within GDP.
See the case of goods transport, the technology indus-
try, and passenger transport. Together these industries
represent a 38,16% of Spanish GDP (€445.067,33 mil-
lion). It is also important to highlight that in 2017,
Spanish GDP was €1,166,319 million.

In order to conduct the forecast, the current GDP
refers to the year 2017. Also, it is important to
underscore that in the energy industry only the

market of fossil fuels will be reduced in the percent-
ages mentioned above.

All data has been collected from different Spanish
public sources (INE, DGT, and Ministry of Public Works
and Transport).

3.2 Analysis of the different sectors

3.2.1 Automotive industry

This section contains the analysis of the vehicle manu-
facturers. As we can see in Fig. 4, the current vehicle
fleet has a positive trend. In other words, the vehicle
fleet is increasing year by year and will continue to do
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Fig. 4 The total vehicle fleet in Spain (2019 data)
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so. There is no surface available for this positive trend.
Furthermore, if we try to put all of the vehicle fleets on
the road at the same time, the collapse will be immedi-
ate. This is not a problem unique to Spain, but global.
Total vehicle sales were 95 million vehicles around the
world in 2018 [17]. If sales follow this positive trend, in
2020, total vehicle sales will reach the number of 100
million vehicles, becoming in 2022 into 110 million vehi-
cles all over the world.

This trend represents the current mobility model, based
on private vehicles for the vast majority of trips, but it has
come to an end. People demand new models of mobility,
and technology offers a wide variety of solutions. Information
and communication technologies have opened new solutions
for urban mobility. There are new business models, such as
ride-sharing services, on-demand services, or “transport as a
service” (TaaS). Advocates predict that by 2030, within 10
years of regulatory approval of autonomous vehicles, 95% of
U.S. passenger miles traveled will be served by on-demand
autonomous electric vehicles owned by fleets, not individuals
[18]. A recent MIT study of the taxi fleet in New York City
shows an algorithm for a ride-sharing system, with a fleet of
2.000 taxis with a capacity of 10 people, which represents an
85% reduction of the current fleet (13.586) of taxis [19]. New
trends in mobility will make ride-sharing services grow sig-
nificantly and private cars decrease greatly.

These studies confirm the great decreasing trend in the
number of private vehicles of the results presented in
Table 1. Trucks and vans fleet is going to decrease as it
will be no longer necessary so many. Even if the freight
market grows, one of the advantages of autonomous vehi-
cles is that they can drive 24 h a day. In the same terms of
efficiency, much of this transportation will be done at
night to help better traffic distribution [20].

On the contrary, the busses fleet is going to increase
as it has been doing for years, as Fig. 5 shows [21]. In
the new models of ride-sharing on-demand mobility,
new concepts of autonomous buses between 6 and 15
passengers will play a fundamental role.

In the case of motorcycles, they currently play an im-
portant role in urban mobility, due to their advantages
in traffic jam situations. In an efficient mobility model of
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autonomous vehicles, its role loses importance. Users
will opt for more comfortable mobility solutions, leaving
motorcycles relegates to their lovers and hobbies.

Furthermore, new kinds of vehicles are going to ap-
pear. They will be single-person autonomous vehicles,
for people with disabilities, small autonomous vehicles
to make the purchase, among others.

Spain is one of the leading car producers in Europe.
The current impact on the Gross Domestic Product of
the sector is 10%. The evolution of the automotive in-
dustry will be determined by the drastic reduction in the
sale of private cars Fig. 6.

3.2.2 Equipment industry

The automotive equipment and components industry
is a very important sector in the country, even if its
impact on GDP is lower. The reason is that, regard-
less of the automotive industry, equipment and com-
ponents companies are Spanish and are not
subsidiaries. As Fig. 7 states, they have a volume of a
business near to €35,000 million. Its impact on the
Spanish economy is 3% by GDP contribution [22].

Their export value is near €19,510 million in 2017
and it means to this industry an added value of 5,1%,
as is showed in Fig. 8.

Despite a drastic decline of the automotive industry,
and the contracts they have with them, the equipment
and components industry has greater capacity and
flexibility to adapt towards a new mobility model.

The fall in the number of sales of private cars will
affect the sector inevitably. However, autonomous vehi-
cles will have higher replacement rates, because they will
complete their life cycle in a shorter time. This industry
has the capacity to establish new commercial links with
the new manufacturing industry.

Its impact on the Spanish economy, according to
the data presented in Table 2, is estimated at a de-
creased of 5% at the beginning of the transition, a
10% decreased during the middle of the transition
and a final 16% decreased when the transition is
completed, as Fig. 9 shows.

Table 1 The development of all vehicles fleet in the three different scenarios presented. The industrial tractor has not been
analyzed in this study and VECs are a new vehicle model that is why there is no data available

Current no Transition 20% No vehicles (T20%) Transition 50% No vehicles  Transition 100% No vehicles

vehicles (T50%) (T100%)
Trucks and vans 4,924,476.00 -8% 4,530,517.92 —15% 4,185,804.60 —-32% 3,348,643.68
Buses 63,589.00 12% 71,219.68 25% 79,486.25 48% 94,111.72
Passenger private  23,500401.00 —15% 19,975,340.85 —31% 16,215276.69 —70% 7,050,120.30
vehicles
Motorcycles 3,327,048.00 —16% 2,794,720.32 —42% 1,929,687.84 —88% 399,245.76
Industrial Tractor 218,154.00 218,154.00 218,154.00 218,154.00 218,154.00 218,154.00 218,154.00
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Fig. 5 The total number of buses in Spain (2019 data)

Source: INE, National Institute of Statistics, (2019).

3.2.3 Goods transport

One directly influenced industry by this new mobility
model is the goods transport sector. It will greatly bene-
fit in terms of security, in time, and costs.

Technology has made possible a new era where a
driver is no need thus, mostly of trips will take place
at night. If we add this and the real fact that e-
commerce is increasing year by year [23], logistics
will increase their effectiveness and their cost will be
reduced.

People are buying more by the Internet increasing the
number of goods that need to be transported that way

goods transport will increase [24]. One of the needs of
the sector is new autonomous vehicles designed for the
last mile distribution for both urban areas and rural
areas.

Taking into account the online shopping growth in
Spain and all over the world, the logistics sector is an
important industry in our economy. As Fig. 10 shows,
it currently contributes 8% of GDP. At the beginning
of the transition, it will not experience a sharp in-
crease but as the evolution of transition progresses its
increase will be bigger, increasing up to 58% when
the transition is completed.

GDP (T100%)

AUTOMOTIVE INDUSTRY

GDP (T50%)

CURRENT GDP

- 200 400

Fig. 6 Automotive Industry Spanish GDP forecast
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600

EUR millions

800 1,000 1,200 1,400
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Source: SERNAUTO, the Spanish association of auto suppliers.
Fig. 7 Billing of the Spanish equipment industry

3.2.4 Passenger transport

The great beneficiaries of the new mobility model will
be users, the people. And it is the main reason for
this revolution, to improve the quality of life of our
society. Currently, it is estimated that a person aver-
age travel in Spain is 41,6 km per day [25]. With an
autonomous mobility system, a new range of possibil-
ities opens up for people who cannot use a vehicle,
such as minors or the elderly, in addition to facilitat-
ing the possibilities of displacement in situations
where it is tedious to move in a city due to traffic
jams or parking. For these reasons, we estimate that
this average distance per person will increase notably,
it could double. In many cases, people do not move
because they do not have an efficient mobility solu-
tion, or there are many inconveniences, such as park-
ing, taxes, congestion, etc.

As Fig. 11 shows, currently, most of these travels
are made in private vehicles [26]. The reality is that
on many occasions the private vehicle is the only mo-
bility solution. The new on-demand autonomous mo-
bility model will bring these existing alternatives that
do not exist today.

Technology is evolving and the concern for the environ-
ment and our health is also increasing. These concerns
push into a change in our current way of moving that
brings a new on-demand and shared services. Mobility will
be cheaper, safer, and more efficient. This will allow higher
displacements and will transform the current way of mov-
ing into an eco-friendly way of moving.

Current passenger transport contributes 8% of GDP,
maintaining at the beginning of the transition, increasing
to 25% in the middle and ending with an increase of 55%
Fig. 12.

23,000
21,000
19,000
17,000

15,000

EXPORTS (MILLE)

2012 2013 2014 2015 2016 2017 2018 2019

Source: SERNAUTO, the Spanish association of auto suppliers.

Fig. 8 The exports of the Spanish equipment industry
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Table 2 GDP Forecast of all the industries analyzed along with this paper with the three scenarios proposed and their related GDP

data in millions of euros

Current Current Transition GDP Transition GDP Transition GDP

GDP GDP 20% (T20%) 50% (T50%) 100% (T100%)
Equipment industry 3% 35.805,99€ —5% 3401569€  —10% 3222539€  -16% 30.077,03 €
Goods transport 8% 93.305,52¢€ 9% 101.703,02 € 26% 117.564,96 € 58% 14742272 €
No-life insurance 0.90% 10.496,87€ —5% 9.972,03€ -50% 524844 € —65% 367390 €
industry
Professionals concerned  0,27% 3.149,06 € —10% 283416 € —44% 1.76347 € —85% 472,36 €
Technological industry 1.20% 1399583 €  25% 1749479 €  80% 2519249€  160% 36.389,15 €
Health 1% 11663,19€  -23% 8.980,66 € —60% 4665728 € —90% 116632 €
Passenger transport 8% 93.305,52 € 8% 100.769,96 € 25% 116.631,90 € 55% 144.623,56 €
Energy industry 2.50% 2624218 €  —24% 1094405 €  —55% 1180898 €  —98% 524,84 €
Repair and maintenance  3,47% 4047127 € —=3% 3925713 € —-10% 3642414 € —-15% 34.400,58 €
industry
Automotive industry 10% 11663190 €  —15% 99.137,12 € —45% 64.14755€  —70% 34.989,57 €
TOTAL 38,16% 44506733 - 434.10860€ - 41567259 - 433.740,04€

3.2.5 No-life insurance industry
The No-life insurance industry (insurance industry less
life insurance), especially the ones related to automotive,
will be greatly affected. This relationship is mainly due
to two factors: the drastic reduction in the fleet of vehi-
cles, which implies that much less insurance will be
hired, and the reduction in the number of accidents.
However, it is important to highlight that automo-
tive insurance will have an important boom before its
fall. This is due to an experimental phase that will
conduct all the autonomous vehicles before their free-
circulation and certification process. This will take
place at the beginning of the transition, where the

insurance of an autonomous vehicle will be more
expensive.

Likewise, another key point to explain this negative
trend in the automotive insurance industry: Autono-
mous vehicles will reduce dramatically the accident rate,
thanks to the removal of the human factor (a major
cause of the accidents). In other words, a cut on the ac-
cident rate will suppose a decrease in cost insurance and
insurance premiums, decreasing proportionally their
benefit. Insurance rates go lower as less traffic translates
to fewer accidents.

If we translate that information into data, it is obtained
that the automotive insurance industry contributes

GDP (T100%)

GDP (T50%)

CURRENT GDP

850,000 950,000

Fig. 9 GDP forecast of the Spanish equipment industry
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Fig. 10 Spanish GDP forecast for the goods transport industry

about 0,9% of GDP. Its drop will be 5, 50, and 65% re- important changes. Currently, this sector contributes a

spectively to each scenario Fig. 13. 3,5% to GDP. At the beginning of the transition, it will
decrease a 3% it will continue to fall until 15%.
3.2.6 Repair and maintenance industry New autonomous vehicles will increase their circulat-

Inside this sector are encompassed workshops and repair  ing time which means the necessity of regular reviews to
and maintenance vehicles centers [27]. They will suffer = complete their routes in perfect shape. Autonomous ve-
big changes and will be affected directly by the intrusion  hicles will be intelligent tanks to their AI will know
of autonomous mobility. The vehicle repair market will ~ when they need a review. Many workshops could retrain
be strongly affected due to a decrease in traffic accidents and carry out vehicle supervision and vehicle review
mentioned before. The maintenance vehicles market will ~ [28]. In other words, play as fleet operators, who will
remain to be necessary though it will be subject to take a great part in the current market.
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Source: DGT, National Department of Traffic, (2019)
Fig. 11 The total number of passenger vehicles in Spain (2019 data)
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Fig. 12 GDP forecast for Spanish passenger transport
.

3.2.7 Professional concerned

This sector brings together driving professionals.
One of the most outstanding features of an autono-
mous vehicle is that it does not need a driver. The
trend in this sector is evident. Drivers are a profes-
sion that will disappear. It is very important to bet
on the professional transformation of these people,
to avoid great social dramas. However, some com-
panies with ride-sharing mobility services will opt
for on-board assistants for the passengers in the first
stages of the transition. It is a professional profile of
easy conversion.

At the beginning of the transition, a big change is not
going to be distinguished. It is only expected a drop of
10% by GDP, more or less a proportional reduction of
the vehicle fleet. Later stages will have a huge change. A
reduction of 44% by GDP and a decrease of 85% by
GDP at the end of the transition.

3.2.8 Technological industry

Autonomous and electric vehicles are very different from
conventional ones. Hardware and software have an im-
portant role in these new vehicles, and therefore, there

GDP (T100%)

GDP (T50%)

GDP (T20%)

CURRENT GDP
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Fig. 13 GDP forecast of the Spanish no-life insurance industry
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Fig. 14 GDP forecast of the Spanish technological industry
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also will be great changes in the professionals who de-
sign them.

The automotive industry has to face a process of con-
version, both technological and professional, which will
require great financial efforts. A strong crisis is expected
in the sector. On the other hand, an emerging industry
has a simpler process, it only requires investment for re-
search and development. Some of the most prominent
actors in this new market will be emerging technology
companies.

There will also be new business models that do not
exist today. For example, telecom operators to service
autonomous vehicles through V2X communications, or
autonomous traffic management, through AI and Big
Data techniques.

A new era where AI plays a critical role. This new
technological sector requires a high investment at R&D,
which means an important competitive advantage to the
country. It is a great opportunity for Spain to position it-
self in this sector and bet for this GDP increase.

In terms of data, this sector contributes directly to
GDP by €13,995 million (1.2%) and it employs over 219,
234 people (1.3%) Fig. 14.

3.2.9 Health

Traffic accidents are a huge social drama. In addition to
the fatalities, there are thousands of wounded every year,
and many times we forget them. The medical services
for all these people are a great economic cost for the
country.
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Fig. 15 The accident number in Spain per 10,000 vehicles
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Fig. 16 The Number of injured not hospitalized in Spain (2018 data)
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(2018).

As Fig. 15 shows the rate of accidents has been re-
duced. The number of accidents has been reduced con-
siderably in the last 20 years. But there comes a point
where the figure stabilizes and it is very difficult to re-
duce it, due to the human factor, we are not perfect
drivers. Autonomous driving technologies will solve this
problem.

Although mortal accidents have decreased, it is im-
portant to point out that the number of injured not hos-
pitalized has increased, as can be seen in Fig. 16. Due to
technological development, there have been considerable
medical advances that allow more survivors.

Another important point is that the main factor be-
hind traffic accidents is the human factor. It will be
eliminated with a reduction in the vehicle fleet and
their replacement by autonomous ones. Spain has a

high accident rate. This change will suppose high
cost-savings in health care and a decongestion in
health service.

In data terms, at the beginning of the transition, a de-
crease of 23% is expected, becoming a — 60% in the mid-
dle and ending by a decrease of 90% Fig. 17.

3.2.10 Fossil fuels

The great success of the combustion vehicles during the
last century has made the fossil fuel market become one
of the most powerful.

In Figs. 18 and 19 gasoline and gasoil vehicles, fleet
evolution can be seen. Although gasoil vehicles have a
positive trend, nowadays people prefer gasoline, due to
being less polluting.
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Fig. 17 GDP forecast of the Spanish health industry
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The emergence of new clean propulsive systems has put
this market in check. There is one very clear issue, peo-
ple’s health is above any business model, no matter how
powerful or consolidated it may be. Different governments
in the world are already taking action Fig. 20. Spain an-
nounced the prohibition of combustion vehicles by 2040.

The conventional fossil fuel market will come to an
end. It will be replaced by a new energy market, not neg-
ligible. Electric vehicles will be the majority, but we must
not rule out other forms of clean propulsion, such as
hydrogen or new successful research.

Currently, sector billing data are €30.000 million. The
fossil fuel market will greatly decrease. In the beginning, it
will decrease by 24% turn into 55% in the middle, and 98%
at the end of the transition, according to the data

presented in Table 2. It will be an abrupt decrease directly
associated with the decrease of the combustion vehicle
fleet Fig. 21

Fossil fuel will still be necessary till the New Era of
Transportation extend to maritime and air transport.
Also, it will be necessary as a stand-energy in cases of
force majeure and.

3.2.11 Infrastructure

The country’s infrastructure plays a very important role
in transportation and autonomous mobility. Spain has a
very high-quality road network and good connections.
The new mobility model does not require the construc-
tion of new infrastructure, there may be some excep-
tions. However, what it does require is an adaptation of
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Fig. 19 Total gasoil vehicles fleet in Spain (2019 data)
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Fig. 20 Year of the prohibition of the sale of combustion vehicles
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the existing infrastructure. It is necessary to add the
intelligence layer to the current road network, a process
known as ‘technification’. It is a process that consists of
adding different elements that allow creating a secure
V2X network nationwide. All existing routes may be re-
usable and are suitable for technification. This technifi-
cation will allow us to convert these roads into smart
roads where autonomous vehicles can circulate.

In financial terms, this is a great advantage over
other technologies that require much higher invest-
ments at the national level. Maintenance costs will be
maintained, and it will be very important to devote
great attention to them.

As it can be seen in Fig. 22, technification cost is about
twenty times lower than conventional road construction
cost, and even forty times smaller than a highway con-
struction cost.

3.2.12 Urbanism

The new era of transportation brings a new conception
of cities. In the beginning, cities were designed for cars,
as an exclusive item, which nowadays turns on a com-
mon item. A restructuring of cities is needed: The re-
duction of the vehicle fleet and the optimization of
traffic flows will allow redefining a lot of space occupied
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Fig. 21 GDP forecast of the Spanish fossil fuels energy industry
.




Alonso et al. European Transport Research Review (2020) 12:59

Page 16 of 17

B V2X NET TECHNOLOGY COST

200,000

AVERAGE COST OF TECHNIFICATION

B CONVENTIONAL ROADS COST

4,060,000

HIGHWAY COST

7,919,000

Fig. 22 The average cost of technification a road in Spain

today. In short, cities will be recovered for citizens, as a
great civic asset.

Urban planning is a sector with a good growth forecast
due to the consequences of autonomous mobility. Many
of the city spaces occupied by vehicles, such as parking
lots, will be converted into green-spaces or other assets
that prioritize social welfare. In other words, these busi-
nesses will have to readapt cities to sustainable and
Smart cities and bring technology closer to social wel-
fare. Nowadays there are already many companies
around the world working on it, such as Burohappold
engineering, HRA, KPF, among others.

E-commerce creates the need to build numerous logis-
tic centers in urban areas to satisfy the great demand for
home delivery. This will be a very interesting business
for the sector. Another of the urban consequences of au-
tonomous mobility is the design of buildings with new
functionalities. The last mile distribution with autono-
mous vehicles generates new needs, for example, a spe-
cific elevator for goods, either from the ground or from
the roof (there will also be autonomous drones).

4 Conclusions

Autonomous vehicles are in the last stages of techno-
logical development, with their entry into the market
ever closer. This manuscript aims to analyze from a glo-
bal point of view the impact of this phenomenon on the
Spanish economy.

Firstly, it is mandatory that governments start prepar-
ing a step-by-step plan at an economic, technological,
and social level, which allow enterprises to prepare
themselves for autonomous vehicles inclusion. Further-
more not only for businesses but for governments also

to take appropriate measures from the start. Big invest-
ments would be needed, but preparing in advance for
this change will allow any country to be placed as one of
the leaders in this revolution. This plan will be a key
point for the adaptation and survival of all industries af-
fected to minimize damage and avoid social dramas. To
make this possible, a long-term study needs to be carried
out because analyzing only the early stages of the transi-
tion brings a lost in the global perspective of the change.

Secondly, the way we live today and the way we move
will be totally changed. Transportation will transform
into a model based on fleet operators with on-demand
ride-sharing services affecting in a current mobile park.
The decrease in the number of private vehicles and an
increase in those for shared use, the direct consequence
is a benefit for widespread traffic efficiency. Accidents
will be decreased, as well as the movement of freight
transport and consumer price index, translating into a
lower cost for citizens. The new mobility model may
offer cheaper solutions that we have today The revolu-
tion could be summed up in a model of safe, sustainable,
and efficient mobility, with more disposable income per
inhabitant.

Thirdly, it is very difficult to find a commercial or
economic activity that is not affected to a greater or
lesser extent by this change. The automotive indus-
try and the oil industry are the most affected in
macro terms by this revolution. Their business
models are reaching a turning point, and although
they have been protecting by governments over time,
they have already assumed that they must act. Un-
doubtedly, the health and safety of people are above
commercial interests.
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