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Abstract: Ensuring a higher degree of road safety contributes both to the quality of transport services
and to the level of the costs involved in rescue operations. The initiation points of managing a
rescue operation are situational awareness on accident detection and the appropriate assessment
of the required resources. The eCall in Vehicle System (eCall IVS) for passenger vehicles aims to
minimize rescue team arrival times to accident sites, and meet assignment needs in the rescue chain.
Implementation costs and benefits for the eCall IVS have been investigated, providing implications
for rescue operations management. The findings show that the benefits of eCall IVS implementation
outweigh the costs, and savings achieved in the rescue operations are obtained by shortening the time
to reach the place of the accident and by efficient intervention through a more accurate allocation of
the necessary resources, due to timely and relevant information.

Keywords: sustainable rescue operations; eCall IVS; benefit cost ratio; after-market implementation;
rescue time; rescue chain; road safety; passenger vehicles

1. Introduction

Road transport is the most important component of the EU Transport System, for both freight and
passenger transport. For this reason, the quality of road transport services is an essential ingredient
for performance. But what are the elements that contribute to increasing the quality level of road
transport? The answer can be expressed in a few words, namely: transport infrastructure; the means
of transport used; human resources involved in transport activities; road traffic safety (which depends
directly on the first three elements, but is also influenced by other factors such as roadside assistance,
communication technology, or other support services).

Current issues of optimization of financial and physical resources pertaining to rescue operations
management, with the final goal of safer public and commercial transportation on European roads, call
for solutions from systems and applications research, combined with other dynamic domains such as
information management and consumer behavior, to provide support for applications like monitoring,
analysis, and planning.
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Traffic rescue operations management is comprised of coordination activities meant to decrease the
negative impact, i.e., recovery of the traffic flow to its original conditions [1]. Successful rescue operations
management activities stem from the development of clear procedures, which are understandable
and achievable by all parties involved in the rescue process, and efficient communication among
these parties. The most important parameter of a rescue operations management process is accident
detection time, as any delays in detection result in lives lost, traffic congestion, secondary incidents
and other material or non-material costs which aggravate the incident that caused them [2–4].

According to 2020 Eurostat data [5], road traffic is the main support for the mobility of economic
goods and people, as long as more than 90% of people and over 75% of goods are transported in 2018
using the road infrastructure. Therefore, increasing the safety of road traffic in the European Union is a
central concern of all stakeholders who are directly or indirectly involved in transportation activities
or who participate in rescue operations in the event of accidents resulting in fatalities and severe
injuries [6]. With the penetration of technological progress in the automotive industry, significant
progress has been made regarding the provision of road vehicles with devices that increase the safety
of traffic participants. One of the devices that can have a significant impact on reducing the number of
fatalities and severe injuries is the eCall In Vehicle System (IVS).

The concept of eCall was launched in Europe in 1999, as part of the Galileo project (launching the
Global Navigation Satellite System in the EU). In 2005, the harmonized implementation at Union level
of eCall was included on the European Commission agenda. In 2010, the need for the development of
an EU-wide interoperable eCall service emerged, because of the increased mobility of goods and people
within the territory of the Member States [7]. In 2015, the legislative framework for the installation
of the eCall IVS device was defined on board all new vehicles intended for circulation on EU roads,
in category M1 (passenger vehicles) and N1 (light trucks), starting in March 2018. Currently, eCall
IVS it is the only device that shows its usefulness after a serious road accident has occurred, having a
strong impact both on increasing the quality of rescue operations and on improving their management
throughout the EU.

2. The Context

2.1. Road Transports in Europe

In the current context of globalization, the intensity of world economic exchanges is at an extremely
high level. For this reason, the movement of economic goods and people put the transportation systems
under heavy test, both in terms of road transport, as well as in air or naval transport. At European
level, traffic intensity, distance of the transport, and quantity of goods or number of passengers
increased as more and more countries became Members of the European Union, or were included
in the European Economic Area, and the barriers on free movement were lifted. In addition, if we
consider the increasingly complex economic relations between European countries and the rest of the
world, the complexity of transportation development widens.

Thus, the number of participants in the transport activities in Europe has reached no less than
1.2 million operators (be they public or private), and the labour force involved in the transport activity
has risen to over 11 million people in EU countries, based on Directorate-General for Mobility and
Transport (DG MOVE) statistics [8], reported on March 2019. Therefore, we emphasize that the
transport sector is of vital importance, both to facilitate the unrestricted mobility of goods and people,
and to create the conditions for the harmonious development of all European economies, so as to
achieve economic and social cohesion.

We must also not forget that the quality, availability, and price level of the transport services
depend essentially on the competitiveness of commerce, the performance of production activities
and, last but not least, the possibility of creating the best business partnerships. If we look at the
relationship between transport and the other fields of activity even more, besides the impact on the
economy, we must also add the social and environmental impact, generated by the volume and quality
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of transport services. Consequently, sustainable economic development is decisively influenced by the
way in which the transport field evolves.

Therefore, a major challenge for decision makers at EU level is the creation and consolidation of a
Single European Transport Area, so that: all regions of Europe are connected thanks to a multimodal,
modern, and safe transport system for all participants; to create an infrastructure that favors the
increase of the efficiency of the transport activities, with a positive impact on the society and the whole
economy; to create the premises for the transition to a mobility of economic goods and people with
low gas emissions while having a favorable impact on the environment, under conditions of climate
change that concern us all.

Regarding the importance and weight of the various transport systems used at European Union
level, it is necessary to make some clarifications. According to statistics, the most important mode of
transport is via road, both in the case of freight transport and passenger transport. The latest data
available in 2020 from Eurostat [5] are for 2017 and show that passenger transport has been achieved
predominantly on EU roads. Of the total of about 124.7 billion passengers, 91.5% travelled using the
road infrastructure, 7.7% used the railway system, and 0.8% used air transport. If we only refer to
road transport, the most used means of transport were passenger vehicles (82.9%, the indicator being
measured in Passenger-kilometres), followed by motor coaches, buses, and trolley buses (9.4%).

Freight transportation is in a different situation, even if in this case road transport also has the
highest weight. Thus, if we refer to all the types of transport used for the transport of goods in
2017 (except air transport), we observe that a 76.7% share in tonne-kilometres were achieved by road
transport, 17.3% on railway, and 6% among inland waterways. In addition, if we compare with the
situation in 2012, it turns out that the share of road transport increased by 2.8%, that of rail transport
decreased by 6.5%, and inland waterways transport decreased by 11.8%.

2.2. The Importance of Road Safety in the European Union

According to the World Health Organization (2018) Global Status Report on Road Safety [9], in 2016
alone, there were 1.35 million deaths, resulting from road accidents, globally. Moreover, it is estimated
that road accidents cause the most deaths of children and young people. In addition, taking into
account the European Transport Safety Council (ETSC) data, published in April 2019 [10], the situation
in the EU27+UK was relatively better than the global one, as in 2018 there were 25,386 deaths, and
about 230,000 seriously injured people.

However, since experts of the European Commission estimate that the monetary value of the
effects of road accidents on the participants in road traffic amounts to more than 250 Billion Euro,
which accounts for almost 2% of EU27+UK GDP, we can say that the situation is unacceptable [11].
Yes, it is true that the amplitude of road transport shows that the mobility of goods and people in the
EU27+UK is very high, but the human and social costs generated by road accidents are far higher.

Under these circumstances, it is understandable that efforts aimed at reducing the value of this
indicator are increasingly broad. Regarding the situation in EU27+UK, we present some relevant
developments regarding the evolution of the number of road deaths, based on the 13th Annual Road
Safety Performance Index (PIN) Report of the European Transport Safety Council [10] and on the
United Nations Economic Commission for Europe Statistics (UNECE) for 2019 [12], such as:

• Between 2001 and 2010, the value of the indicator decreased continuously, a decrease of 42.6% in
2010 compared to 2001. The weakest progress was registered in 2002, compared to 2001, and the
most favorable evolution was in 2009 and 2010, when the number of road deaths decreased by
10.7, respectively by 10.8%.

• Between 2010 and 2018, the value of the indicator decreased continuously, except for 2014, when
the number of road deaths remained constant compared to 2013. The indicator decreased by 20.7%
in 2018 compared to 2010. The most favorable evolution was in 2012 and 2013, as the number of
road deaths decreased by 7.9%, respectively by 8.1%. Otherwise, the progress made during this
period was much weaker compared to the previous decade.
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• Comparing the situation of 2018 to that of 2001, the number of road deaths decreased by almost
54.3%, but we consider that the progress is not satisfactory; especially since 2014, the average
annual rate of reduction of the number of road deaths was 1.06%.

If we refer to the number of people injured in road accidents in EU27+UK [12], we find that:

• Between 2001 and 2010, the value of the indicator decreased, except for 2007, when there was an
increase of 0.7%. The total reduction was almost 23.4%, from 1,967,977 in 2001, to 1,508,055 in
2010. The best situation was in 2008, when the value of the indicator decreased by 5.2% compared
to the previous year.

• The evolution of the number of injuries in road accidents has deteriorated during the 2010 to
2017 timeframe (the last year for which there is complete data is 2015, as Ireland didn’t report the
indicator in neither 2016 nor 2017). The number of people injured in road accidents decreased by
only 6.5% in 2017, compared to 2010. The best evolution was in 2012, when the indicator decreased
by 4%, then in 2014, 2015, and 2016 the indicator increased by an annual average of 0.9%.

• If we look at the number of people injured in road accidents in 2017 (1,409,993 people) and in 2001
(1,967,977), we find that it decreased by almost 28.4%, which is also unsatisfactory.

Taking into account the situation presented, regarding the evolution of the number of road
fatalities and injured in the EU27+UK between 2001 and 2018, some important issues emerge, such as:
it is necessary to intensify the cooperation and efforts of the member countries to develop the existing
policies in the field of road safety; it is necessary to increase the resources involved in research and
innovation activities, in order to identify new solutions that contribute to the improvement of safety on
European roads; it is imperious to increase the importance attached to this problem and the continuous
improvement of the legislative framework, taking into account the fact that road safety is closely linked
to the requirements of sustainable development, not only at European level, but at global level.

Regarding Europe, the European Commission developed the Europe in the Move package in
May 2018, which contains the Strategic Action Plan (representing the Staff Working Document).
Under this plan, new and much more ambitious targets have been set to offset the too slow decline
of road fatalities and injured, especially between 2001 and 2018. These targets are the foundation of
what has been called “Vision Zero” of the European Commission [13], because it is expected that in the
period 2020–2030 the number of severe injuries in road crashes is to be reduced by 50% (i.e., with more
than 67,500 cases) and the number of road fatalities to tend towards zero.

At the EU27+UK level, important steps have already been taken, considering the slowing down of
the number of road fatalities and injured people. We can say, without too much mistake, that the effects
of the measures and actions applied so far in this area have reached a stagnation stage. Of course,
significant progress has been made in Europe in terms of road infrastructure, vehicle and human
resources quality, communication technologies used; however, not enough progress has been made on
improving road safety.

2.3. About eCall In Vehicle System (IVS)

Regarding the technical solutions applied or installed on vehicles (especially on the newest ones)
in order to increase the safety of road traffic participants, considerable progress has been made, such as:
devices dedicated to preventing collisions and to reducing the negative effects of road accidents; devices
that help improve perception; devices related to speed control according to traffic conditions; devices
related to the restraint system, regarding non-use and/or improper use of this; devices designed to
verify tire pressure; devices that survey the behavior, and/or deficiencies of the drivers. From another
point of view, the devices mentioned above are generically called Intelligent Vehicle Safety Systems [14]
(p. 286), being classified into two main categories: vehicle-based systems and infrastructure-related
systems. In addition, depending on the role they play in increasing the safety of road traffic participants,
it is estimated that the devices can be part of: the class of active devices (they have the function of
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helping to prevent accidents); class of passive devices (intended to protect drivers and passengers
during accidents, or immediately after, like the eCall device).

All devices are intended to prevent accidents and reduce the negative consequences that occur
during a road accident. However, there is one exception, and this is the eCall In Vehicle System (IVS),
which is part of the first group of devices, is one of the newest and most innovative, and it addresses
events that occur after a road accident.

The eCall IVS is a device that directly and decisively contributes to reducing the time between
the occurrence of a serious accident, resulting in deaths and severe injuries, and the time of arrival
and intervention of rescue teams. Moreover, the eCall IVS is the only device that can contribute to
improving traffic safety and reducing the negative impact of roadblocks after a traffic accident [15].

Currently, the need to install the eCall based on 112 IVS on all vehicles in circulation in Europe,
regardless of their age (see sAFE—Aftermarket eCall For Europe project, 2018-EU-TM-0079-S), is being
considered. We appreciate that the estimated impact generated by the installation of eCall IVS, on the
entire EU fleet of road vehicles, can be analyzed from three different points of view, respectively:

• Reducing the number of fatalities and injured persons shortening response time [16] and efficient
rescue operations (by improving Rescue Operations Management at the European level).

• Reducing the costs caused by roadblocks (by reducing the congestion time and the probability of
secondary crashes on accident site) based on better traffic management.

• Reducing the negative effect on the environment, thanks to shortening the duration of road
congestions, caused by severe road accidents. Therefore, equipping all vehicles on public roads in
Europe with eCall in-vehicle systems (eCall IVS) is not just a natural evolution in the automotive
industry, to keep pace with the evolution of technology, but it is imperative. The number of road
fatalities and severe injuries resulting from accidents on European roads is still unacceptably high,
despite the efforts made by each Member State of the EU and the European forums.

As eCall IVS implementation on both new and aftermarket vehicles is an international new venture,
it also involves stakeholders’ strategic orientation at European level. This means that being involved in
the installation of eCall IVS is also an opportunity for international new ventures [17–20]. A company
that showcases high entrepreneurial orientation is one that fosters product-market innovation, gets
involved in new ventures, is innovative, and competitive [20].

2.4. Situational Awareness Generated by eCall IVS

In different fields of research, expert decision-makers evaluate and classify a situation to be able to
make an informed decision. Therefore, situational awareness is of extreme importance in collaborative
environments since it improves the quality of management decisions and performance in general [21].
Road traffic rescue scenarios are a perfect example of the importance of situational awareness, with
recent development of several systems and applications aimed at supporting coordination, cooperation,
and communication within the entire managerial process [22].

An eCall IVS supports situational awareness by facilitating activities such as monitoring, analyzing,
and planning. Unlike other measures that have already been implemented to increase road safety, which
help prevent accidents or increase the safety of people in vehicles (like seat belts, headrests, airbags),
the eCall technology brings an essential contribution to improving rescue operations management
immediately after accident occurrence.

Situational awareness calls for different types of information. First, there is critical information,
by which we mean the minimum information needs of the public safety answering point, such as
accident location or vehicle type.

Second, there is action-triggering information, which describes information that decision makers
need in order to perform core tasks, such as the number of casualties, accident severity, vehicle
identification number, vehicle propulsion storage type, and vehicle direction.
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Third, there is information to be created, which cannot be created in advance [23], as it encompasses
analyses performed by professionals and suffers changes during the rescue operation [24]. In this
category, the information already provided by the eCall system facilitates access to information to be
created by providing access to quickly calculating accessibility, traffic control, the cause of the accident,
vehicle extrication necessities, and other required emergency services [25] (p. 286).

At an operational level, situational awareness leads to the use of accessibility analysis in logistics
and route, command, and control site planning. For example, information provided by the driver
via the eCall in-vehicle system such as the number of victims, hazardous materials, and visibility,
provided by the eCall system itself on vehicle characteristics and accident site, can free up resources
and facilitate rescue operations management.

3. Methods

3.1. Analytic Approach

The purpose of the present study (cost benefit analysis) is to assess the impact of eCall IVS on
reducing human costs, congestion costs, and pollution costs. To this end, we employ an analytic
research approach, on primary and secondary statistical data, and perform a conclusive study to make
a critical evaluation and chose the best means of action to save important resources used in rescue
operations management.

A Block Chart summarizing the methodology of the Cost Benefit Analysis (CBA) is presented in
Figure 1.

Figure 1. Block Chart summarizing the methodology of CBA.

The main secondary data used, processed briefly and analyzed to substantiate the cost-benefit
analysis, have as main sources Eurostat data, UNECE, ACEA reports (European Automobile
Manufacturers Association), and ETSC Statistics (all these being organizations that provide data
that are public and available without restrictions for all users). The rationale for using such a large
number of secondary data sources is the need to ensure that a volume of data is as relevant as possible,
necessary to estimate both the costs involved and the benefits that may result from the implementation
of eCall IVS in passenger vehicles, at the level of the European Union. The unit of observation will be
passenger vehicles, as 91.5% of passengers use the road infrastructure, of which 82.9% used passenger
vehicles [5]. This implies that our conclusions will be drawn for the case of passenger vehicles alone
(cars and taxis).

Considering the differences in types of costs generated by road accidents, the difficulty of
estimating the value of human life or injury on a person, as well as the uncertainty of secondary
disasters, the first relevant objective of the research is “O.1. To establish and evaluate the costs generated
by road accidents at EU level.”
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The reasoning behind this first objective is to also have a clear view of the highest costs generated
by road accidents and their categories to have a working base for the second objective of the research,
“O2. To establish the cost of eCall IVS implementation applied for the entire EU passenger vehicle fleet.”
The reasoning behind the second objective is that eCall IVS implementation generates supplementary
costs for end-users and manufacturers, together with aftermarket service providers. At the same
time, extending eCall based on 112 technologies on all vehicles generates additional costs for public
institutions involved in rescue operations.

As the proposed eCall in-vehicle system is intended to meet the decision making demand for
rescue operations and allow dynamic adjustments in the case of secondary events, and with support
from current research [26] aimed at developing high-performance algorithms to improve rescue
operations in the case of emergencies, we formulate the third objective of the study, “O3. To assess the
benefits that eCall IVS implementation has on the number of fatalities and severe injuries.”

We posit that reducing the number of fatalities and severe injuries by implementing eCall IVS on
the entire EU passenger vehicle fleet decreases the costs generated by road accidents. By implementing
eCall IVS the entire EU passenger vehicle fleet decreases congestion and pollution costs generated
by road accidents. Situation awareness and response promptness are vital in measures aimed at
emergency localization and rescue, and they require a united effort from corresponding managerial
bodies, manpower and equipment [27] involved in the rescue operations to perform their tasks.
As eCall IVS implementation aims to shorten intervention time and enrich situation awareness, we
define the fourth objective of our study, “O4. To assess the effects that eCall IVS implementation has
on rescue operations.” This last objective calls for a formalization of the relation between eCall IVS
implementation benefits and the parties involved in the rescue chain.

3.2. Data Collection, Measurement and Analysis

The implementation of the eCall based on 112 devices in all passenger vehicles traveling on
European roads requires several directions of action. First, we refer to the actual equipment of vehicles,
either from the factory or after-market. Second, we refer to upgrading the equipment and software
used in Public Safety Answering Points (PSAPs), which operate in the member states. Third, PSAP
employees need to be involved in training programs to be able to receive and handle eCall IVS
calls. Therefore, in the analysis of the impact generated by the large-scale installation of eCall IVS,
we will consider, in turn, all three aspects. According to ACEA Report: Vehicles in use—Europe
2019 [28]—does not contain data for Bulgaria, Cyprus, Malta, and Iceland, because the values were
not sent at the date of publication of the document), the total number of motor vehicles registered
in Europe stands at 386,417,854 units, of which 84.59% represent passenger vehicles. For EU27+UK,
the reporting is 308,392,804 vehicles, and the share of passenger vehicles is almost 87%.

Next, we will refer to the passenger vehicle fleet from the European Union countries, for two
reasons. On the one hand, the data needed to analyze the impact of installing the eCall IVS device is
complete and available, both in terms of number of vehicles and PSAPs. On the other hand, about 80%
of the total number of motor vehicles are registered in the EU27+UK (Eurostat 2019), and the study
looks at how the installation of the device can contribute to achieving the road safety objectives set for
2030. In addition, passenger vehicles are responsible for 46% of road fatalities in the European Union.

To evaluate the impact of installing the eCall IVS device, we considered all passenger vehicles up
to 20 years old, which represent more than 90% of the total vehicles, as we can see in Table 1. The share
of vehicles by age was based on the latest data published by Eurostat, for 2013–2017 (reports from
Bulgaria, Greece, and Slovakia are missing).
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Table 1. Average weight of passenger vehicles, by age, in EU25 (2013–2017).

No. Age of Passenger Vehicles (Years) Average Weight (%)

1 Less than two years 11
2 From two to five years 16
3 From five to ten years 27
4 From ten to twenty years 37
5 Over twenty years 9
6 Total 100

Source: Own calculations, based on Eurostat data, 2019.

The impact of installing the eCall IVS device on passenger vehicles on reducing the number
of road fatalities and severe injuries is even greater, as the number of equipped vehicles increases.
Therefore, the complete equipment of the passenger vehicle fleet in the EU within 10 years should
result in a reduction of the current number of severe injuries by half, and the number of fatalities
should be zero (Strategic Action Plan for 2030).

We consider that it is necessary to refer to the definitions used to characterize different situations
in which a person affected by a traffic accident may fall [12], respectively: a fatality represents any
person killed immediately or who loses her/his life within 30 days because of injuries due to a road
accident; a seriously injured is a person injured because of a road accident and who was hospitalized
for a period of more than 24 h; slight injury is a person injured because of a road accident but cannot
be included in the category of serious injury.

To determine the size of the benefits of installing the eCall IVS, we need to have a clearer picture
of the evolution of the number of road fatalities and severe injuries in EU27+UK, according to national
definitions. Unfortunately, the reporting of statistics in this area is very late, so there are very large
gaps between the current moment and the last year with complete data.

As shown in Table 2, the last year with complete data is 2017. Even so, there are countries that have
communicated the values for severe injuries only until 2016, such as Italy. So, to ensure an acceptable
level of relevance, we considered that for Italy the value of 2016 is preserved for the following year.

Table 2. Road fatalities and severe injuries in EU27+UK (2010–2018).

Year 2010 2011 2012 2013

Fatalities 31,980 31,183 28,741 26,379
Total injured 1,508,055 1,485,040 1,425642 1,395,432

Severe injuries * 215,870 223,146 227,415 219,738
Slight injured 1,292,185 1,261,894 1,198,227 1,175,694

Year 2014 2015 2016 2017
Fatalities 26,460 26,645 26,072 25,567

Total injured 1,419,980 1,428,991 1,433,301 1,409,993
Severe injuries * 228,939 230,293 234,784 231,857

Slight injured 1,191,041 1,198,698 1,198,517 1,178,136

Note: Without Italy. Source: UNECE and ETSC Statistics, 2019 and own calculations for slightly injured. * The
“Severe injuries” are reported by each country, according to their own national definitions.

The evolution of road fatalities in EU27+UK between 2010 and 2018 is shown in Figure 2.
We considered the fact that all countries reported this indicator, so that the total number of road deaths
in 2018 is 25,386 persons. We point out again, that in 2018 compared to 2017, the indicator decreased by
only 1%, which is a cause for concern for the decision makers in the field of transport and at EU level.
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Figure 2. Rate of road fatalities in EU27+UK, related to previous year (%). Source: UNECE and ETSC
Statistics, 2019.

Figure 3 shows that in the case of severe road injuries, the situation is worse than in the case
of deaths resulting from road accidents. Therefore, the faster the eCall device is adopted, the more
positive effects will occur in road traffic safety.

Figure 3. Rate of severe road injuries in EU27+UK, related to previous year (%). Source: UNECE and
ETSC Statistics, 2019.

We must mention that correction coefficients for the existence of unreported cases have been applied
to the official data of UNECE and ETSC (Economic Research and Policy Consultancy, Switzerland,
Ecoplan, 2002; Harmonized European Approaches for Transport Costing, HEATCO Project, 2006).
Thus, the statistics were corrected with a coefficient of 1.25 for seriously injured people and 2 for
slightly injured.

Based on literature review, and on relevant reports of international institutions interested in road
safety, like the World Health Organization (WHO), UNECE, DG MOVE, Eurostat, ETSC, Organisation
for Economic Cooperation and Development (OECD), EU Road Accidents Database (CARE), it is
appreciated that:

• In the case of severe injuries, after exceeding an hour since the injury occurred, the survival rate
decreases from 26% to 5% (the Golden Hour Principle).

• Due to eCall, the response time of rescue crews can be reduced by 50% (from 21 to 12 min) in rural
areas and by about 40% (from 13 to 8 min) in urban areas [29].

• This can have the effect of reducing the number of road fatalities with average values between 2%
and 10% and of reducing the number of severe injuries by 2% to 15% (the situation is different at
national level, as the values may be lower or higher than the EU average).
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• According to E-MERGE/STORM project Germany, Finnish Ministry of Transport and Swedish
Road Administration, the mentioned intervals are reduced to 3.7%–9% for road fatalities, and to
6.5%–9.5% for severe injuries [30].

Worth mentioning on the role and necessity of installing the eCall IVS aftermarket [31] (pp. 9–16):
a very high number of fatalities and severe injuries on European roads, compared to initial target
(15,750 road deaths for 2020); delays that occur with regard to alerting emergency services; delays
regarding the presence of emergency crews at the accident site; the length of time required for rescue
operations at the accident site; the number of secondary accidents, which occur after the main accident;
and traffic jams.

Another important aspect is that the negative consequences of road accidents are due to
communication deficiencies, which occur either because the victims cannot communicate, or because of
language barriers, or because those involved do not know what information to request or communicate,
etc. The greatest time savings are achieved in terms of communication (6.8 min are saved due to faster
communication) and search for accident location (savings of up to one minute).

In investment projects, by benefits we mean income realized from the sale of economic goods
(or services), during the effective exploitation period [32]. In the case of the large-scale implementation
of the eCall IVS project, the benefits are quantified in savings achieved in the rescue operations,
on account of the reduction of the associated costs. This is achieved, on the one hand, by shortening the
time to reach the place of the accident and by efficient intervention, and on the other hand by improving
the management of rescue operations, through a more accurate allocation of the necessary resources
(personnel, equipment, materials, and means of transportation), due to timely and relevant information.

4. Results

4.1. Accident Costs Establishment and Evaluation

At the global level, there is no unitary approach to the costs associated with road accidents, neither
in terms of cost categories nor in terms of their amount [33]. The explanations are many and varied.
On the one hand, there are regulatory differences. On the other hand, the traffic conditions are very
diverse, along with the quality of transport infrastructure and road transport vehicles. There are also
differences in the type of road accidents, their frequency and severity. Finally, the unit medical cost of
road accident patients differs greatly from country to country.

For this reason, in order to ensure a satisfactory level of relevance of the results of the cost-benefit
analysis for stakeholders in the field of road transport safety at European level, we decided to use
the data provided by studies conducted under the auspices of the European Commission. One such
document is Handbook on the external costs on transports. Version 2019. The information on unit
costs associated with road accidents provided in the study is harmonized (their calculation is based
on statistical data collected from 31 European countries) and therefore relevant for the purpose of
cost-benefit analysis that is the subject of this paper.

There are several categories of costs, which are considered in determining the total cost of a death
or injury resulting from road accidents. A complete picture of them is presented in Table 3.

The immediate effect of installing the eCall IVS device is to streamline and increase the quality
of rescue operations. Therefore, the impact will be manifested in the persons affected by the road
accidents, respectively a case of fatality can be transformed into severely injured, and one of severely
injured in slightly injured, on account of shortening the total duration of the rescue operations and
improving their management at the European Union level. As the mobility of people in Europe is very
high, citizens from different countries can be involved in road accidents in any other country, and the
harmonized implementation of eCall based on 112 benefits all citizens.
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Table 3. Cost categories associated with road fatalities and injuries.

No. Cost Type Significance

1 Outsourced
Associated with the expenses of stakeholders involved in rescue chain

(firefighters, police, medical services, others). Only a part of this category is
introduced in total cost, to calculate the benefits.

2 Internalized Generally, they are supported by the payment of insurance premiums. This
category is not included in total cost.

3 Human The pain and suffering that are caused on the people affected by the accident.

4 Medical Expenditures for medical care in hospitals and rehabilitation centers, until the
full recovery of the person severely injured, or death (50% are outsourced).

5 Administrative Expenditures for non-medical emergency services involved in operations and
legal assistance (30% are outsourced).

6 Production

Generated by the temporary or permanent inability to carry out an economic
activity (as owner or employee) or other types of activities. It affects both the
injured person and the company he/she owns, or where he/she is employed

(55% are outsourced).

7 Material Generated by the destruction of vehicles, roads, street decorations, goods
from vehicles, etc. (100% are internalized).

8 Other costs
Generated by traffic jam, the impossibility of using the vehicles for a period,

because they are damaged, the transport and the funeral of the deceased
person, etc. Not included separately in total cost.

Source: European Commission (EC), Handbook on the external costs on transports. Version 2019 (pp. 32–33).

4.2. Costs of eCall IVS Implementation

Regarding the annual costs associated with the installation of the eCall IVS on all passenger
vehicles registered in the EU, in the 10-year forecast (2020–2029), their calculation is based on the
following elements:

• The current number of passenger vehicles circulating in the European Union (based on
Eurostat, 2019).

• The estimation of the annual number of passenger vehicles for the period 2018–2029 was made
by applying an annual average value of the renewal index on the number of vehicles from the
previous year (Appendix A). The renewal index was calculated on the basis of annual renewal
rates for each member state and for the total EU27+UK, for a period of 10 previous years (from
2008 to 2017—data available, according to Eurostat records for 2019).

• Nine percent of the total number of passenger vehicles is equipped each year (Figure 4 and
Table 4).

• Based on the information obtained from the studies carried out in the field of road safety, which
we mentioned above, the unit cost of equipping a vehicle with the eCall device will be €75 in
the first year of forecasting, following that from the second year it will decrease to €50, due to
economies of scale (as the number of installed devices will increase, their unit price will decrease).
We mention that the device has already been installed in all new vehicles circulating in the EU,
since March 2018, so it is normal that the price of the device will decrease, as implementation is
extended (Table 5).

• At the end of the forecasting period, the total number of vehicles equipped with eCall IVS
technology, in various construction options, will reach 267,971,557 units (the entire fleet of
passenger vehicles, with an age of less than or equal to 20 years).

• The total cost of updating all EU27+UK PSAPs units with modern technology, and of employees
and staff training is evaluated at €30.8 Mill, which means €3.08 Mill per year [34] (p. 71).



Sustainability 2020, 12, 5341 12 of 22

Figure 4. Forecasted number of passenger vehicles EU27+UK, 2020–2029 (Million). Source: Own
calculation method, applied on Eurostat data, 2019.

Table 4. Annual equipped vehicles with eCall IVS, in EU27+UK, 2020–2029.

Year 2020 2021 2022 2023 2024

Equipped vehicles 24,809,125 25,224,584 25,649,420 26,083,905 26,528,319
Year 2025 2026 2027 2028 2029

Equipped vehicles 26,982,953 27,448,106 27,924,089 28,411,222 28,909,836

Source: Own calculation method, applied on Eurostat data, 2019.

Table 5. Annual costs of eCall IVS and PSAPs modernization (€), in EU27+UK, 2020–2029.

Year 2020 2021 2022 2023 2024

Costs 1,863,764,359 1,264,309,193 1,285,551,002 1,307,275,238 1,329,495,950
Year 2025 2026 2027 2028 2029

Costs 1,352,227,637 1,375,485,298 1,399,284,439 1,423,641,076 1,448,571,787

Source: Own calculations, based on Table 4 and HeERO, Harmonized eCall European Pilot [21].

As we have seen, installing the eCall device entails both costs and benefits. It is quite difficult
for all aspects to be considered in their identification and evaluation [35]. For example, not all the
costs associated with fatalities and severe injuries, or the provision of car services with the equipment
necessary for the aftermarket installation of the eCall device, were considered. What is important
is that this aspect brings a degree of uncertainty but does not decisively influence the results of the
analysis performed. We will continue to see that the same is true of benefits.

4.3. Benefits of eCall IVS Implementation

To determine the monetary value of the annual benefits generated by eCall IVS in the EU
(considering that all passenger vehicles will be equipped), the following elements are to be taken
into consideration:

• The current number of road fatalities and severe injuries, mentioned in the official statistics
(25,567 fatalities, and 231,857 severely injured)—we again indicate that the data are available for
both indicators for 2017.

• The targets set for the next decade, regarding the annual reduction of the value of these indicators,
i.e., 9% of fatalities will become severely injured (2301 cases per year), and 9.5% of severely injured
will become slightly injured (22,026 cases per year).

• The unit value of human costs in the case of death (€2,907,921), of a severe injury (€464,844), and
of a slight injury (€35,757)—we will only consider this cost category, as it is 100% outsourced and
it is the only cost that can be correlated with the impact of eCall technology, according to EC
documents (Handbook on the external costs on transports. Version 2019).

• The unit value of the benefits achieved by reducing of a fatality to a severe injury, i.e.,
€2,443,077 (€2,907,921–€464,844), and by reducing a severe injury to a slight injury, i.e., €429,087
(€464,844–€35,757).
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• The unit value of the benefits generated by the reduction of roadblocks by reducing of fatality to a
severe injury, i.e., €13,050 (€19,263–€6213), according to other official studies [36] (p. 46).

• The annual benefits obtained because of reducing pollution by reducing roadblocks are estimated
at €100,080,000, which represents 0.3% of the total pollution costs caused by passenger vehicles [11]
(p. 51).

• The value of the total annual benefits, calculated based on the previous information, amounts to
€15,202,698,489, which is 2301 reduced fatalities × €2,443,077 + 22,026 reduced fatalities × €429,087
+ 2301 reduced fatalities × €13,050 + €100,080,000.

We considered a 10-year forecast period, starting in 2020, with constant annual benefits.
The opportunity calculations for this project envisage a cautious (even pessimistic) approach because
it is based on the fact that only 10% of the total annual benefits can be directly accounted for by the
installation of the eCall IVS device in all vehicles, respectively €1,520,269,848.

5. Discussion

In this part of the paper we will refer to the potential benefits of eCall IVS implementation on
rescue operations management. The evaluation of the opportunity of installing the eCall IVS device in
all passenger vehicles should consider the influence of the time factor on the investment decision [37].
Therefore, the calculation of the benefit-cost ratio (BCR, Table 6) will be done using the discounted
values of costs (C’) and Benefits (B’), taking into account an annual discount rate of 5% (according to
Guide to Cost-Benefit Analysis of Investment Projects—Economic appraisal tool for Cohesion Policy 2014–2020,
December 2014). The annual discounting factor is z = (1+0.05)-h, where h = year (h from 1 to 10).

Table 6. BCR of eCall IVS and PSAPs modernization, EU27+UK, 2020 – 2029.

Year 2020 2021 2022 2023 2024

Costs 1,863,764,359 1,264,309,193 1,285,551,002 1,307,275,238 1,329,495,950
Benefits 1,520,269,848 1,520,269,848 1,520,269,848 1,520,269,848 1,520,269,848

z 0.952 0.907 0.864 0.823 0.784
C’ (€) 1,774,303,669 1,146,728,438 1,110,716,066 1,075,887,521 1,042,324,825
B’ (€) 1,520,269,848 1,520,269,848 1,520,269,848 1,520,269,848 1,520,269,848
BCR 0.8 1.2 1.2 1.2 1.1
Year 2025 2026 2027 2028 2029

Costs 1,352,227,637 1,375,485,298 1,399,284,439 1,423,641,076 1,448,571,787
Benefits 1,520,269,848 1,520,269,848 1,520,269,848 1,520,269,848 1,520,269,848

z 0.746 0.711 0.677 0.645 0.614
C’ (€) 1,008,761,817 977,970,047 947,315,565 918,248,494 889,423,077
B’ (€) 1,520,269,848 1,520,269,848 1,520,269,848 1,520,269,848 1,520,269,848
BCR 1.1 1.1 1.1 1.1 1.0

Source: Own calculations, based on Table 4.

Based on the annual BCR evolution in the forecast range, the following assessments can be made:
except for the first analyzed year, where BCR is less than 1 (respectively 0.8), which means that the
benefits do not cover the associated costs, during the rest of the period the BCR value is over unit; BCR
decreases as the forecast range nears the end, which is natural, given that annual benefits have been
kept constant and annual costs increase slowly (as the number of vehicles in which the eCall IVS is
installed grows).

The cumulated BCR for the entire period will be 1.1 (11,741,044,036/10,891,679,518), which means
that the installation of eCall IVS technology in all passenger vehicles registered in the EU is at the
same time:

• Advantageous for investors because the benefits are greater than the costs.
• It is beneficial for the entities involved in the rescue chain, as the eCall technology provides them

with the necessary elements both for increasing the quality of rescue operations and for improving
their management.
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• Useful to society, by reducing the number of fatalities and severe injuries, because of the increase
in the level of road safety.

Rescue operations management benefits are hard to quantify before the implementation of the
eCall IVS, as humanitarian logistics differs in dynamic, both regarding demand and supply from other
types of logistics (i.e., commercial and military) [38]. We can, however, highlight three benefits of eCall
IVS implementation in the case of passenger vehicle accidents. First of all, risk avoidance and mitigation
by facilitating a quicker response time, thus avoiding secondary accidents and traffic congestion.
Secondly, urgent needs mitigation by lowering response time, and third, increased preparedness, due
to the automated vehicle data sent by the IVS, which allows for a quicker assessment of the resources
required on the accident site. Our research also demonstrates that implementation of the device
provides instant reliable information of the accident conditions, thus eliminating one of the limits of
humanitarian logistics.

Another benefit for rescue operations management is that implementation of the eCall IVS for
the entire passenger vehicle fleet (new and aftermarket) allows for some extent of standardization,
a key requirement for supply chain excellence. Therefore, we consider that the prior knowledge of the
standard data (transmitted by the device at the time of the accident) generates a decrease in the cost of
operations and contributes to the harmonization of the actions of the participants in the rescue chain.
The increase in available data for decision making provided by the eCall IVS also allows rescue chain
managers to be flexible in dynamic scenarios.

6. Conclusions and Implications

Considering both the complexity of the investigated field and the multiple implications of the
harmonized extension of eCall IVS implementation in the European Union countries, we will highlight
some relevant conclusions and some directions for future action.

Achieving sustainable improved rescue operations by installing the eCall IVS involves consistent
efforts of all stakeholders involved in: the decision-making and regulatory process (at national and EU
level) in the field of road transport; the automotive industry; increasing road safety; and initiating and
carrying out rescue operations in the event of an accident. According to the European Commission
data (CARE, 19 December 2018), the number of road accidents resulting in fatalities and severe injuries
is very different from one country to another, as well as the type of vehicles responsible for the negative
effects of accidents.

The most important conclusions resulting from the cost-benefit analysis can be summarized
as follows:

• In order for the positive impact of eCall technology to be as high as possible, in particular on the
efficiency and management of rescue operations, efforts should be focused mainly on vehicles
registered in the country’s most contributing to the negative statistics on fatalities and severe
injuries (according to CARE data, 2018, over 70% of deaths occurred in countries such as France,
Italy, Germany, Poland, Romania, United Kingdom, and Spain in 2017).

• Regarding the types of motor vehicles, there are three categories that contribute substantially to
the number of fatalities in EU countries, namely passenger vehicles (cars and taxis) with 65.2%,
motorcycles and mopeds together with 25.1% (a total of over 90.3%). Under these conditions, the
implementation of eCall technology must firstly focus on passenger vehicles, and secondly on
motorcycles and mopeds.

• The constructive solutions of the eCall IVS devices must be adapted to the technical specifications
of each category of motor vehicles envisaged, without affecting their quality or functionality.

• A cost benefit analysis was performed in order to assess the opportunity of deploying the eCall
IVS on the European Union member states, based on existing data already generated from existing
analyses for eCall based on 112 at European level, and updated data from secondary statistical
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sources (Eurostat, EUCARIS, national databases), providing consequences and implications for
rescue operations.

• Although opportunity calculations for eCall IVS envisage a pessimistic approach, since only 10%
of the total annual benefits can be directly accounted for by the installation of the eCall IVS device
in all vehicles, respectively €1,520,269,848. Therefore, installation of the device is beneficial for
investors, entities involved in the rescue chain and society in general.

One of the main benefits of installing eCall IVS for rescue operations management is the opportunity
for knowledge sharing and standardization. On one hand, eCall IVS generated information will be
used to ensure common situation representation between actors. On the other hand, when employees
engage with each other across the rescue chain, sharing vital information across the rescue process,
they develop trans active memory of who knows, and who to ask [39], thus making the entire process
more efficient.

In terms of sustainability, the investment approach that has been subjected to the cost-benefit
analysis can be characterized as follows: it involves the technological renewal of the organizations
involved in rescue operations; contributes to the creation of conditions that facilitate the increase of the
quality of the human resources that carry out their activity in different organizations involved in the
rescue chain; contributes to the improvement of rescue services in case of road accidents, which can
be carried out with increased efficiency, for a long period of time; it can have a significant positive
impact on a large number of people (here we refer both to people affected by road accidents and to the
personnel involved in rescue operations); it can generate significant savings for public health systems,
which would allow for a better allocation and use of resources in this sector, which is so important
for society as a whole. Rescue operations management benefits are hard to quantify before the
implementation of the eCall IVS, due to the multitude of actors, unpredictable and dynamic situations,
and perception differences between one party of the rescue chain and another. However, since eCall
implementation allows for some extent of data standardization, this increase of data available for
decision making can positively influence rescue chain managers’ performance.

Now, we must make some references to the limitations associated with this analysis, even if
they did not affect the rigor of the research or the results obtained. First, we mention that there is
a gap of about two years (or even greater) between the time of publication of the statistical data on
the number of passenger vehicles, road fatalities and severe injuries (2017), and the time of the study.
The data associated with the number of passengers for the years 2018 and 2019 were calculated based
on the average renewal index, used for the forecast period, thus obtaining a coherent and correctly
substantiated data set. In the case of statistics on fatalities and severe injuries, historical data from 2017
were used. Therefore, the research results were not adversely affected, but on the contrary.

A second aspect relates to the fact that, in forecasting the number of passenger vehicles, the
number of vehicles in the UK was considered. We also consider that in this case we cannot talk about a
limitation that can affect the rigor of the analysis. The UK is a country that has been a member of the
EU until recently and will represent a significant potential market for eCall technology in the future.
We also do not believe that the mobility of goods and people in Europe across the UK and vice versa
will suffer significant reductions in the future, so the expected beneficial impact of the eCall IVS will be
approximately the same.

Finally, other limitations are that not all cost categories and benefits of eCall based on 112 can be
identified and evaluated. At the same time, due to the high degree of novelty of eCall IVS technology,
we have not noticed the existence of relevant studies regarding the extent to which the installation
of the eCall IVS device directly contributes to the reduction of fatalities and severe injuries. For this
reason, we appreciated that the pessimistic option, to consider for the eCall device only 10% of the
benefits was the most appropriate.

We consider that a continuation of research in this field is not only welcome but also necessary.
We consider that the extension of the project to the level of all types of vehicles, and then of all European
countries, in a first stage, and then globally, in a second stage, is an approach that will have a decisive
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contribution to the reduction of the number of road fatalities and severe injuries globally, with beneficial
effects both economically and socially.

As future work, it would be relevant to study the after-implementation effects on rescue chain
participants, to provide a better understanding of the newly created rescue chain environments at
European level. We also consider conducting a comparative analysis in the future (EU countries versus
USA, Australia, Asian countries, etc.), in order to identify the extent to which eCall technology (or other
variants thereof) has beneficial effects on increasing the efficiency of rescue operations in case of road
accidents, with a positive impact on the organizations that are part of the rescue chain.
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Appendix A

To predict the number of passenger vehicles for 2020–2029, a calculation method was elaborated.
To begin with, we mention that the impediment to a most accurate forecast was the fact that the
statistical data are delayed, compared to the time of the CBA.

When there was missing data in the beginning or middle part of a data string, we decided not to
complete the data string by approximation methods, in order not to introduce new errors. Thus, we
decided to ignore those calendars years in the subsequent calculations, for countries with currently
unreported data.

If the missing values were on the last positions in the range of values for the period 2008–2017,
these data were generated using the average of the renewal rate of passenger vehicles. We mention
that, in the case of Italy, we also considered the value already known for 2016, obtaining the value of
1.0087 for the Increasing Index (Table A1). The same technique was applied to fill in the missing data
for Romania, from 2016 and 2017 and for Italy from 2017.

Having complete data for each country until 2017, we used the mentioned technique to calculate
the number of passenger vehicles in 2018 and 2019 (Table A2). Then, we forecasted the number of
passenger vehicles for the period 2020–2029, for all EU member countries, using each time a constant
Increasing Index, calculated at the level of 2018, valid for the entire analysis horizon of ten years
(Table A3).

Why do we consider that we can apply the constant Increasing Index?
Because we considered x1, . . . , xn a string of n numbers, so that their average is equal to M.

So [x1 + . . .+ xn]/(n) = M, meaning x1 + . . . + xn = nM. If we build a new string, consisting
of the same n numbers and we complete it with a new term, represented by the average of M,
meaning x1, . . . , xn,xn+1 = M. In this case, the average of the numbers in the new string will be:
[ x1 + . . .+ xn + M]/(n + 1) = [nM + M]/(n + 1) =[M(n + 1)]/(n + 1) = M. Therefore, the average
of the numbers in the second row is the same as the average of the first row.

For this reason, if the Increasing Index in 2018 is calculated as the average of the previous years,
then from 2019 to 2029 (or for any other year for which the forecast is desired), the Increasing Index
(calculated as an average of indexes from previous years), will be constant and equal to that of 2018.
Therefore, we can apply a constant Increasing Index.
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Table A1. Computing the Increasing Indexes.

EU28 Countries 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018–2029

Belgium 1.0121 1.0160 1.0248 1.0068 1.0091 1.0113 1.0123 1.0157 1.0128 1.0134

Bulgaria 1.0575 1.0400 1.0357 1.0416 1.0368 1.0356 1.0492 0.9942 0.8814 1.0423

Czechia 1.0027 1.0138 1.0191 1.0271 1.0049 1.0220 1.0583 1.0376 1.0434 1.0254

Denmark N/A N/A N/A N/A N/A 1.0226 1.0263 1.0313 1.0262 1.0266

Germany 1.0101 1.0135 1.0148 1.0117 1.0097 1.0126 1.0150 1.0163 1.0147 1.0131

Estonia 0.9888 1.0130 1.0386 1.0490 1.0440 1.0388 1.0362 1.0392 1.0324 1.0364

Ireland 0.9856 0.9824 1.0131 0.9942 1.0171 1.0170 1.0207 1.0207 1.0189 1.0179

Greece 1.0215 1.0165 0.9975 0.9931 0.9916 0.9974 0.9994 1.0103 1.0147 1.0158

Spain 0.9927 1.0075 1.0058 0.9987 0.9900 1.0002 1.0148 1.0233 1.0273 1.0131

France N/A 1.0084 1.0031 1.0119 1.0226 0.9900 0.9937 0.9923 0.9978 1.0115

Croatia 0.9936 0.9870 0.9980 0.9519 1.0021 1.0180 1.0175 1.0354 1.0278 1.0202

Italy * 1.0074 1.0104 1.0099 0.9991 0.9969 1.0032 1.0073 1.0141 1.0087 1.0087

Cyprus 1.0383 1.0043 1.0151 1.0106 0.9991 1.0083 1.0192 1.0422 1.0361 1.0218

Latvia 0.9694 0.7040 0.9618 1.0097 1.0264 1.0366 1.0323 0.9781 1.0382 1.0286

Lithuania 1.0145 0.9980 1.0127 1.0234 1.0317 0.6665 1.0318 1.0439 1.0449 1.0290

Luxembourg 1.0107 1.0172 1.0249 1.0298 1.0206 1.0264 1.0222 1.0258 1.0316 1.0232

Hungary 0.9865 0.9902 0.9946 1.0061 1.0183 1.0220 1.0287 1.0364 1.0479 1.0266

Malta 1.0212 1.0282 1.0258 1.0099 1.0260 1.0385 1.0355 1.0274 1.0309 1.0270

Netherlands 1.0106 1.0150 1.0159 1.0073 1.0021 1.0059 1.0153 1.0151 1.0183 1.0117

Austria 1.0175 1.0186 1.0162 1.0157 1.0125 1.0116 1.0113 1.0155 1.0160 1.0150

Poland 1.0258 1.0452 1.0513 1.0342 1.0344 1.0317 1.0360 1.0459 1.0382 1.0381

Portugal N/A N/A 1.0043 0.9039 1.0161 1.0860 1.0050 1.0269 1.0431 1.0302

Romania ** 1.0541 1.0177 1.0035 1.0351 1.0466 1.0451 1.0503 1.0361 1.0361 1.0361

Slovenia 1.0131 1.0026 1.0046 0.9996 0.9979 1.0043 1.0097 1.0165 1.0195 1.0100

Slovakia 1.0285 1.0504 1.0480 1.0428 1.0305 1.0369 1.0439 1.0429 1.0478 1.0413

Finland 1.0285 1.0360 1.0351 1.0198 1.0227 1.0215 1.0196 1.0271 1.0230 1.0259

Sweden 1.0049 1.0080 1.0153 1.0104 1.0109 1.0200 1.0182 1.0212 1.0163 1.0139

UK 0.9950 1.0062 1.0016 1.0090 N/A N/A N/A 1.0198 1.0113 1.0096

Source: Own calculations method, applied on Eurostat data, 2019. * In the case of Italy, the values for 2017 have
been forecasted as no official data were available. ** In the case of Romania, the values for 2016 and 2017 have been
forecasted as no official data were available.

In this calculation method, we assume that it starts from a certain number of passenger vehicles,
denoted n, corresponding to the last year for which there is data, denoted by A. If x is the Increasing
Index (calculated with the method mentioned above), then according to the method, the following
variation in the number of passenger vehicles occurs from year to year:

• in year A: n
• in year A+1: nx
• in year A+2: (nx)x = nx2

• in year A+3:
(
nx2
)
x = nx3 . . .

Basically, the string of values corresponding to the years A, A+1, A+2, ... represents a geometric
progression, having the first term n and the ratio x. Since the values of x for all countries are over unit,
the number of passenger vehicles determined by this method will increase from year to year, with no
possibility of any decrease occurring (as there were in the past, as can be seen in Table A2; for example
in the case of Greece, the number of passenger cars decreased in 2011, 2012,..., 2015).

Moreover, given this situation, by this method it was possible to calculate the number of passenger
vehicles in year A + T, without having to calculate intermediate values, between year A and year A+T,
because it is sufficient to calculate nxT.
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Table A2. Number of passenger cars in EU28 Countries 2012–2017, approximations for 2018–2019, and forecasted values for 2020–2021.

EU28 Countries 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Belgium 5,444,000 5,493,472 5,555,499 5,623,579 5,712,061 5,785,447 5,863,199 5,941,996 6,021,853 6,102,782

Bulgaria 2,807,000 2,910,235 3,013,863 3,162,037 3,143,568 2,770,615 2,887,891 3,010,131 3,137,545 3,270,352

Czechia 4,706,000 4,729,185 4,833,386 5,115,316 5,307,808 5,538,222 5,679,132 5,823,627 5,971,799 6,123,741

Denmark N/A 2,278,121 2,329,578 2,390,823 2,465,538 2,530,047 2,597,278 2,666,296 2,737,148 2,809,883

Germany 43,431,000 43,851,000 44,403,000 45,071,000 45,803,560 46,474,594 47,085,614 47,704,667 48,331,860 48,967,298

Estonia 602,100 628,565 652,950 676,596 703,151 725,944 752,362 779,742 808,118 837,527

Ireland 1,951,130 1,984,550 2,018,310 2,060,170 2,102,720 2,142,390 2,180,766 2,219,829 2,259,592 2,300,067

Greece 5,167,557 5,124,208 5,110,873 5,107,620 5,160,056 5,235,928 5,318,415 5,402,201 5,487,308 5,573,755

Spain 22,248,000 22,025,000 22,029,512 22,355,549 22,876,830 23,500,401 23,809,293 24,122,246 24,439,312 24,760,545

France 32,132,000 32,858,000 32,531,000 32,326,000 32,076,000 32,005,986 32,373,573 32,745,382 33,121,461 33,501,859

Croatia 1,445,000 1,448,000 1,474,000 1,499,802 1,552,904 1,596,087 1,628,248 1,661,058 1,694,528 1,728,673

Italy 37,078,000 36,963,000 37,080,753 37,351,233 37,876,138 38,205,651 38,538,031 38,873,303 39,211,491 39,552,621

Cyprus 475,000 474,561 478,492 487,692 508,284 526,617 538,083 549,799 561,770 574,001

Latvia 618,270 634,600 657,799 679,048 664,177 689,536 709,280 729,590 750,481 771,970

Lithuania 1,753,407 1,808,982 1,205,668 1,244,063 1,298,737 1,356,987 1,396,324 1,436,801 1,478,452 1,521,310

Luxembourg 355,900 363,247 372,827 381,103 390,935 403,282 412,655 422,246 432,060 442,101

Hungary 2,986,030 3,040,732 3,107,695 3,196,856 3,313,206 3,471,997 3,564,290 3,659,036 3,756,301 3,856,152

Malta 249,612 256,096 265,950 275,380 282,921 291,664 299,549 307,648 315,965 324,508

Netherlands 7,916,000 7,932,290 7,979,083 8,100,864 8,222,974 8,373,244 8,471,196 8,570,294 8,670,551 8,771,981

Austria 4,584,000 4,641,308 4,694,921 4,748,048 4,821,557 4,898,578 4,971,976 5,046,473 5,122,086 5,198,833

Poland 18,744,000 19,389,446 20,003,863 20,723,423 21,675,388 22,503,579 23,360,463 24,249,975 25,173,358 26,131,900

Portugal 4,259,000 4,327,478 4,699,645 4,722,963 4,850,229 5,059,472 5,212,429 5,370,010 5,532,355 5,699,608

Romania 4,487,000 4,696,000 4,908,000 5,155,000 5,340,866 5,533,433 5,732,943 5,939,647 6,153,803 6,375,681

Slovenia 1,066,030 1,063,800 1,068,360 1,078,740 1,096,523 1,117,935 1,129,163 1,140,504 1,151,959 1,163,529

Slovakia 1,824,200 1,879,800 1,949,100 2,034,574 2,121,774 2,223,117 2,314,917 2,410,508 2,510,047 2,613,696

Finland 3,037,000 3,105,834 3,172,735 3,234,860 3,322,672 3,398,937 3,487,057 3,577,461 3,670,210 3,765,362

Sweden 4,446,349 4,494,661 4,584,711 4,668,262 4,767,262 4,844,823 4,912,208 4,980,530 5,049,802 5,120,038

United Kingdom 28,722,000 N/A N/A 30,250,294 30,850,440 31,200,182 31,499,156 31,800,995 32,105,727 32,413,378

Total EU28 242,535,585 218,402,171 220,181,573 253,720,895 258,308,279 262,404,695 266,725,493 271,141,997 275,656,942 280,273,154

Source: Eurostat 2012–2017 and own calculation method for 2018–2021 applied on Eurostat data.
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Table A3. Forecasted number of passenger vehicle in EU28, for 2020–2029.

EU Countries 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Belgium 6,021,853 6,102,782 6,184,799 6,267,918 6,352,155 6,437,523 6,524,039 6,611,717 6,700,574 6,790,625

Bulgaria 3,137,545 3,270,352 3,408,781 3,553,070 3,703,466 3,860,228 4,023,625 4,193,939 4,371,462 4,556,499

Czechia 5,971,799 6,123,741 6,279,548 6,439,320 6,603,157 6,771,162 6,943,442 7,120,106 7,301,264 7,487,031

Denmark 2,737,148 2,809,883 2,884,550 2,961,202 3,039,890 3,120,670 3,203,596 3,288,726 3,376,118 3,465,832

Germany 48,331,860 48,967,298 49,611,090 50,263,347 50,924,179 51,593,700 52,272,023 52,959,264 53,655,540 54,360,971

Estonia 808,118 837,527 868,006 899,594 932,332 966,261 1,001,425 1,037,869 1,075,639 1,114,783

Ireland 2,259,592 2,300,067 2,341,268 2,383,206 2,425,895 2,469,350 2,513,582 2,558,607 2,604,438 2,651,091

Greece 5,487,308 5,573,755 5,661,564 5,750,757 5,841,354 5,933,379 6,026,854 6,121,801 6,218,244 6,316,206

Spain 24,439,312 24,760,545 25,086,001 25,415,735 25,749,803 26,088,262 26,431,169 26,778,584 27,130,565 27,487,173

France 33,121,461 33,501,859 33,886,627 34,275,813 34,669,469 35,067,646 35,470,396 35,877,772 36,289,826 36,706,613

Croatia 1,694,528 1,728,673 1,763,506 1,799,041 1,835,292 1,872,273 1,910,000 1,948,486 1,987,749 2,027,802

Italy 39,211,491 39,552.621 39,896,719 40,243,811 40,593,923 40,947,080 41,303,309 41,662,638 42,025,093 42,390,701

Cyprus 561,770 574,001 586,499 599,269 612,317 625,650 639,272 653,191 667,413 681,945

Latvia 750,481 771,970 794,075 816,813 840,202 864,260 889,007 914,463 940,648 967,583

Lithuania 1,478,452 1,521,310 1,565,410 1,610,789 1,657,483 1,705,531 1,754,972 1,805,846 1,858,195 1,912,061

Luxembourg 432,060 442,101 452,377 462,891 473,649 484,658 495,922 507,448 519,242 531,310

Hungary 3,756,301 3,856,152 3,958,657 4,063,886 4,171,913 4,282,811 4,396,657 4,513,530 4,633,509 4,756,677

Malta 315,965 324,508 333,281 342,292 351,546 361,050 370,812 380,837 391,133 401,708

Netherlands 8,670,551 8,771,981 8,874,598 8,978,415 9,083,447 9,189,707 9,297,210 9,405,971 9,516,004 9,627,325

Austria 5,122,086 5,198,833 5,276,729 5,355,793 5,436,041 5,517,491 5,600,162 5,684,072 5,769,239 5,855,682

Poland 25,173,358 26,131,900 27,126,942 28,159,873 29,232,136 30,345,227 31,500,703 32,700,176 33,945,323 35,237,882

Portugal 5,532,355 5,699,608 5,871,917 6,049,435 6,232,320 6,420,734 6,614,845 6,814,823 7,020,847 7,233,100

Romania 6,153,803 6,375,681 6,605,559 6,843,725 7,090,478 7,346,128 7,610,996 7,885,414 8,169,726 8,464,289

Slovenia 1,151,959 1,163,529 1,175,216 1,187,019 1,198,941 1,210,983 1,223,146 1,235,431 1,247,839 1,260,372

Slovakia 2,510,047 2,613,696 2,721,624 2,834,010 2,951,036 3,072,895 3,199,785 3,331,916 3,469,502 3,612,771

Finland 3,670,210 3,765,362 3,862,982 3,963,133 4,065,880 4,171,291 4,279,434 4,390,382 4,504,206 4,620,980

Sweden 5,049,802 5,120,038 5,191,251 5,263,454 5,336,662 5,410,887 5,486,145 5,562,450 5,639,816 5,718,259

United Kingdom 32,105,727 32,413,378 32,723,978 33,037,554 33,354,134 33,673,749 33,996,426 34,322,195 34,651,085 34,983,128

Total EU28 275,656,942 280,273,154 284,993,556 289,821,164 294.759,100 299,810,586 304,978,955 310,267,653 315,680,239 321,220,397

Source: Own calculation method, applied on Eurostat data, 2019.



Sustainability 2020, 12, 5341 20 of 22

References
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