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Abstract

This paper attempts to provide an overall analysisthe most recent, relevant and
consolidated issues of sustainable transport Wethaim of indicating a specific perspective in
the automotive field for a defensible productionamf acceptable product, which would be
able to satisfy the modern aspirations of the itthlsed society.

A broad framing of the role of sustainability iramisport systems as well its impact on the
automotive industry are presented first, focusimgparticular on the energy consumption of
road vehicles; the impact of transportation on gyeuse and the weight of energy
consumption on the operational costs of the diffeteansport modes are dealt with, together
with the evolution of this consumption.

These elements are essential for a clearer unddmstaof where and how muadknergy
efficiencyand the related emerging technologies can haveaact on road transport, mainly
in the automotive field; furthermore, they provithe grounds for some overall considerations
on the energy demand for transport. The environat@mipact is implicitly a consequence of
choices in the use of energy.

Technical and economic solutions for a transpastesy that complies with the energy supply
I.e. automotive production and the expected aviithalof the main used sources, and for its
sustainability can thereafter be analysed: quamgaanalyses, such as the well-to-wheel
method, and the energy related to the actual ocmypaf vehicles, are also taken into
account, before some main technological perspective proposed for automobiles, which
the authors consider to be winning, from a strateggwpoint, and which should be closely
coupled to industrial choices in the most techniclalty advanced countries in the world.

Keywords:Road transport systems; energy efficiency; susbdénmotorised mobility; well-
to-wheel analysis; automotive industry; production.
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1. Thekey factors of sustainability in the land-based transport system

For the last few years, road transport has becamgebed by a number of issues related to
sustainability, namely by the kind of energy thatused, the consequent emissions and
connected points of view of modern society. Witis fhaper the authors would like to provide

some perspectives to the automotive industry andeiited production by suggesting goals
for transport policy makers and the public at largéis wide analysis has been faced

according to the steps outlined in Fig. 1.
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Fig. 1. The main steps of this analysis: from sustainability of road transport to a policy concerning the
automotive production, passing through the ener gy usage

The almost continuous growth of road circulatindpiekes, of infrastructures and of personal
motorised mobility — which has significantly markée second half of the last century in the
United States, Japan and in Europe — has been sh®@ame conditionings or constraints for
a number of years; these have strengthened and tmadencept of what is nowadays called
“sustainable transport” or “sustainable motorisembitity” to be felt more by modern society,
as not-motorised mobility is implicitly sustainableasmuch as people have the ability to
move. These conditioning elements can be summaaiséallows:



1)

2)

3)

4)

5)

6)

Saturation of the landn the meaning of both infrastructures constru¢tedughout the
territory and of vehicles using these infrastruesgra profound awareness of such an
issue already surfaced in the nineteen eightied \lie consequent spreading of
environmental impact assessments and similar agglgsthe nineties.

Concerns arising from the impending and inevitdddé of energy resourceand of black
oil in particular, at least at widely accessibleces, of which approximatellyalf of the
extraction is absorbed by transport systems throwigthe world and on which they
depend for at least 96% in European countries @ady93% in the US in terms of t.o.e.
(tons of oil equivalent), to mention just somelw# televant industrial areas.

The release of gases and materials, derived frenadmbustion of combustibles obtained
from black-oil, into theenvironmentwith the subsequent atmospheric pollution, health
issues and possible climate changes, which hawdtedsin global commitments being
taken worldwide, and in particular in the aforenn@méd industrialised areas, together
with continental standards on car-engine emissions.

The need tghysicallyand functionally maintairas well astechnologically updatéhe
existing transport infrastructures, here intendedheir economic sustainability during
their wholelife cycle(their maintenance and technological upgradingg ptoperty of a
country increases with the development of new stftectures as well as with the
upgrading of the existing network; neglecting afrastructure may imply its loss of
attractiveness and of value, while it continuebddhe responsibility of the State from the
moment a decision was made concerning its reaisati

The increase isafe mobility which is a binding road transport objective of tBU as
well as of the USA and Japan and which — as intgradea reduction in road accidents in
particular, in absolute terms and not as a raesults to be incompliant with the growth
of motorised mobility, even though the incidenceactidents due to additional road
traffic was limited, possibly due to assisted drtyiand ITS, and in the future possibly to
the use of autonomous automobiles.

A natural limit in the increase of long-range redaships between people, a possibly
ethic objective with which the continuoggowth of motorised mobilitynay become
incompliant with local relationships, with one owrfamily and with the regular
development of on-site working activities. Thisrie&se in mobility was welcome in the
past because of the growth in relationships beybedreference housing context; since
roughly the beginning of the new century, bidirectl communication without mobility
has emerged and conquered a relevant part of maaeinty (internet, smart phones,
teleconferences and the like, and possibly one tdeypresence), and has sometimes
substituted communication associated with movemeat, effective and not virtual
transport.

Given this entire recent burden on the automotngristry, it is reasonable to ask: how can
today’s industrial production still satisfy the nsportation needs of modern society without
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losing the market in favour of motionless commuti@es and, at the same time, overcoming
the modern constraints related to sustainability?atempt will first be made to understand

the impact of modern constraints, generated by e iffused green oriented consensus, on
sustainability in the automotive industry, from thterature viewpoint, within the business

and management context, in order to face the teahand technological aspects; a proposal
for a cleaner production of an up-to-date produtitthen be made.

2. Theimpact of sustainability on the automotive industry

During the 1980s and ‘90s, some serious internatienvironmental problems, such as a
reduction in the ozone layer and climate changegaib to stimulate greater attention towards
the concept of sustainable growth The modern concepts of sustainability beganaiet
shape during the 1990s. Recent years have witneasedoliferation in business and
management literature, and even an explosion ernational literature, of publications in
which sustainability is the main theme and in whicis used to describe problems related to
technology, economic development and managerialoappes in various areas such as
‘sustainable technology’, ‘sustainable economjicsustainable businessand certainly
sustainable transpoffhus, in order to progress towards ensuring a isdike economy and
production, various key areas have been exploregdatticular the environmental effects and
the consequences on nature of an unconstrained@meogrowth, along with the prospects of
economic activity that takes greater account ofsth@al and environmental consequences of
market behaviour, have been analysed (Lovins e2@07). The concept of sustainability is
often associated with the term social innovatian.this context, the institutions and the
governance at a regional afmtal level play fundamental roles in promoting sustainable
growth.

The transport context is influenced by sustaingbdt two levels: from the macro-operational

point of view of the vehicles and personal mobjliag synthesised in the previous section,
and from the micro-industrial one.

Car makers have become more involved in social @andronmental issues within the
community over the last two decades indicativdigytare market players who operate within
a variety of relationships with economic, politicaid social parties; they are subject to the
constraints of international organisations and llgmvernments and to the pressure of civil
society; they have to comply with laws and to take account ethical values in full respect
of the individuals, the community and the environinén this network of interconnections,
car makers are inevitably social and political estwho are called upon, by governments and
other stakeholders to be cost-effective, and dgceid environmentally responsible, and
have even been pushed or self-oriented in receatsy® publish Sustainability Reports.
Nowadays, this all constitutes a large burden, Wwhisks making automotive production
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unbearable in some cases, unless government seaid provided or worldwide economies
of scale are pursued. However, a technologicaltisoiinas to be found, otherwise it will be
necessary to renounce mobility and logistics ogite up the production of modern vehicles
that are able to satisfy such constraints, andithisself would represent losing behaviour,
like hearing a policy maker or a private citizely:sd&m going to give up my car and move
by bicycle, on foot, by public or shared transpr. | interpret mobility as a servige
because cars are no longer environmental friendéconomically competitive”.

It is necessary to be aware of the fact that thenaotive sector has always been characterised
by expensive product features that lead the firmsetjuire extremely large initial capital
investments and to achieve economies of Scitlés also necessary to be aware of the fact
that the automotive industry has nearly always figxe— in a more or less evident way —
from governmental financial sustainment, espechatiygn a new concept of vehicle has been
proposed. However, car makers are “prisoners ofneoas sunk costs which they treat as
unamortized assets” ... “This mind-set is a critichstacle” (Lovins, 1993). The advantages
for these companies originate from the increasthénproduction scales, together with the
complexity of both the products and the manufantusystems. However, the risk of failing
is high, and this is why both product and processhiiologies are often developed
incrementally. Nevertheless, if the innovation igeessful, the impact can be significant in
terms of revenues. Finally, the recession witnessethese last few years has weakened
multinational automotive companies that operate t@ditional markets, with particular
reference to Europe. The strategies that have ireglg been adopted by the most important
business groups have involved a contraction oftthéitional markets and development of
high growth rate ones. European automobile compameparticular, as a result of the
economic crisi§ which involved the Euro area countries to a ges&tnt, and with the aim of
containing the loss of market shares, have beaedoto sell at competitive prices, compared
to the past. In general, they rationalised theitivaies by adopting actions aimed at
containing costs - most of which were introducedaose of environmental constraints, such
as those pertaining to the Euro 1 up to the Euen@nes — by introducing lay-offs and
disinvestments of entire production lines in oresatisfy the new pollution constraints. The
search for profitability and development opporti@siton other markets has forced these
companies to aggregate and search for strateganedls, thus making the global automotive
market a high-concentration one, with significarrriers to new competitors. In some
countries, such as India, the market demand h#sdctr adaptations of the product to the
local market. Nevertheless, the general trend ofngakers has been to search for scale
economy and product standardisation for large-velwales and to limit the costs generated

! “This constitutes a trap as each competitor hasetba large number of vehicles in order to readiremk-even-point”
Zapata et al, 2010).
“Crisis” is here used with reference to one of tigmlogies: “crisis” as that of “cross”, with “chzd” being the Greek root

of the term.
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by the introduction of adaptations by producinglifierent geographic areas. This has led to
economies of scale for internal combustion enginbsit is, those that were chosen
approximately one century ago, in spite of thetexise and efficiency of electric motors, ?a
scale (economy) difficulty reachable in a few yeaith alternative motors.

In spite of all this, new demands are pushing t®raotive market towards a change.
The stakeholders, and governments in particularlabal communities and the consumers are
requesting more attention towardsergy efficiengyas well as partiaindependencdrom
black-oil, with consequent decreases in pollutiod ancreases in safety and quality, which
translate, for instance, into reliability of thehwee, infotainment and in general into an
economic, social and environmental impact by cakera The limited margin of investment
forces them towards the conquest of high volumgs@duction and even to strive to reach a
leadership position, irrespective of the laws, ndep to obtain economies of scale, thus
risking the company’s credibility and the markeaghitself.

The move towards change has therefore become haghBsing and sometimes vital for
these companies. As is the case of other industg®motive companies are also called
upon to increase their internal sustainable Valtkghis issue is becoming particularly
significant and strategically relevant for car makeThe recent evolution in the role of
multinational companies has led to the recognitbra social and environmental aspect of
their activities, which obliges them to seek sumthle growtf (Labuschagne et al, 2005) and
innovation as conditions for success in the medmmg term. Thus, the above factors
become strategically significant, and the adoptibsocially responsible practices represents
the way towards long-term profits and solid fouimtaf’. The economic crisis and its social
consequences have shaken the trust of consumeategrattention has subsequently been
requested from companies towards social and ethg@écts (EC, 25/10/2011; Christensen,

% In the Communication from the Commission of the EesmpCommunities on the European Union Strategydstafable
Development (EC, 15/5/2001), the Commission invitigablicly-quoted companies with at least 500 menshof staff to
publish a “triple bottom line” in their annual rep® to shareholders that measures their performaga@st economic,
environmental and social criteria.
4 The developed product has special features: @arde a cause of excessive pollution, road acadstress and the like,
thus damaging both the personal interests of tigiduals and the general collectivity.
® As defined by the World Commission on Environmemnd ®evelopment (WCED), the “Brundtland Commission”§Z0
“Sustainable development is development that méetseeds of the present without compromising thiktya of future
generations to meet their own needs”.
® “When looked at strategically, corporate sociapansibility can become a source of tremendousakpebgress, as the
business applies its considerable resources, ésg@eahd insights to activities that benefit socig®orter and Kramer,
2006). “Companies must take the lead in bringingimess and society back together.” ... “The solulies in the principle
of shared value, which involves creating econonailu® in a way that also creates value for socigtgdrressing its needs
and challenges. Businesses must reconnect compaogss to social progress.” (Porter and KramerlR0he attention of
stakeholders is also requested when the objecfivheoenterprise is the creation of value for itgnoshareholders and is
oriented towards value-based management (Copelaati 2000, Cornelius, Davies, 1997; Pellicelli, 2007). the EU
Commission also underlines: “ ... enterprises shbalgk in place a process to integrate social, enmiental, ethical, human
rights and consumer concerns in their businessatipas and core strategy in close collaboratiorn wliteir stakeholders,
with the aim of: maximising the creation of a slthvalue for their owners/shareholders and for th#ier stakeholders and
society at large.” (EC, 25/10/2011).
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2011). Certainly, decision making in the energy awironmental management fields
includes the application of tools to support desismaking on environmental strategies and
operations (Lai et al, 2008), tools such as: Lifel€ Assessment (LCA), Cumulative Energy
Requirement Analysis (CERA), Material Flow Accoungti(MFA), Total Cost Accounting
Analysis (TCA) and Environmental Risk AssessmenRAE The results and corporate
sustainability should also be controlled by meahsustainability indicators (according to
Triple Bottom Line and GRI guidelines) asdstainable production indicator®/eleva and
Ellenbecker, 2001).

In the last few years, both the USA and Europearegunents have been fostering —
through allocations of funds for research and fanagn to enterprises - the search for clean air
solutions and — behind this, being an economiceigsu the balance of payments of entire
nations - alternatives to black-oil as a sourcesrérgy for vehicles, as well as innovative
technological solutions. For example, accordingtb Directive 2009/33/EC and subsequent
adaptations, European car makers are called upprotade future mobility solutions in an
extremely competitive global environment, and tfeneeto spread the adoption of green cars
and heavy-duty vehicles as well as of systemsdbatribute towards improving road safety
and fight pollution (such as Intelligent Transp8ystems - ITS).

In this context, the development of innovation ab®romes a strategic factor to achieve
sustainability and social consensus. Already in niteeteen seventies, Ansoff suggested
trying to acquire new technologies as they surfameds an alternative, leaving the market
and shifting resources from old technologies to r@mves as soon as an opportunity of
marketing the new products arose (Ansoff, 1965udllg, once a technological innovation

passes the initial market phase, it may/can gemsrighificant competitive advantages for the
company that introduces it. This translates intgraater capacity to diversify than the

competitors (Porter, 2008a; Porter 2008b). Markigled Geroski (2005) highlighted to what

extent radical innovations (i.e. those that havergortant effect on both the behaviour of the
consumers and the competitors) can generate a raeketrby influencing the consumers and
revolutionising the existing business patterns.

In the automotive industry, companies innovateroteoto satisfy the consumers’ demand, to
increase their market share and profits as wetbasompete on the global market (Lin and
Lu, 2006). Generally, pushing eco-innovations dh® market, when consumers presumably
do not dare, are not interested in or do not waiity this genre of innovative products, may
even result in a losing strategy for the manufaesurlf the stimulus to adopt innovation
instead stems from the consumers’ needs, and nwowdes develop technologies
accordingly, innovations might be adopted quicldiigng et al., 2011).



3. Methods: the sustainability of the transport system in automotive literature

Up to the end of the last century, none of the el@sthat influenced the almost continuous
increase in motorised mobility were as significaatthey are today, since they affect - at its
very base - the current sustainability of trensport systeras a whole, including automotive
development in most developed countries. This pepaddressed to an analysis of tisers’
and society’s requiremenitsthe demand - with respect to alternative cleamner sustainable
industrial solutions pertaining to past and preseotorised mobility, which might be electric
or hybrid vehicles, and to the indirect analysishef emissions; the latter usually considers an
overall energy analysiéhere intended from the source) as of less impodar even ignores
it, though energy stays earlier in the processa@anavhich we rely our man attention. These
aspects have already been addressed in literatyvarticular over the last twelve years.
Starting from alternative solutions to internal dmmstion engines, in order to address the
energy and environmental issues of sustainabiitygich are generally exhibited through
electric traction, Graham-Rowe et,&012, reported a qualitative analysis of the rasps to
the demand for electric cars or plug-in hybrid cdvased on semi-structured interviews
conducted with 40 non-commercial drivers in the UKie results highlight the potential
barriers to the adoption of current-generation (Q0fllug-in electric cars by mainstream
consumers. Years before, Chéron, E., Zins (199@lysed the buyers’ purchasing intentions
towards electric vehicles and pointed out the cangs.
Vance and Hedel, 2007, in a study which had thediontributing to this line of inquiry,
estimated econometric models on a panel of tranal+dlata collected in Germany between
1996 and 2003, focusing on individual automobilerjeys. The authors employed the two-
part model (2PM), a procedure that involves a grotmidel and OLS estimators, to assess the
determinants of the discrete decision to use aandrthe continuous decision of distance
travelled. Unlike much of the work to date, theutesssuggest the urban form has a causative
impact on car use, a finding that is robust toralitdve econometric specifications. In fact,
these results need to be considered here becaubeiofelations with the compliancy of
frequent and short daily trips in urban contextsth the autonomy of electric batteries
without changing the behaviour of nearly % of therdpean population, which lives in
metropolitan areas so carries out for most of teekyjourneys of 10-20 km.
The paper by Kim and Ulfarsson (2008) reports asfpartation modal choice for short home-
based trips, using a 1999 activity survey from Bugiet Sound region of Washington State,
U.S.A, and it claims that an environment that atgahe interest of people and provides
activity opportunities also encourages people ttkwhort trips or - as authors we add - to
use vehicles whose autonomy and recharging pasisibiire compliant with such distances,
again particularly electric ones. This aspect shalladdressed later on in the present paper.
Influencing the choice of the transport mode ofgdeamn short trips should be an important
part of the efforts that are necessary to encouttagjese of non-automobile alternatives, such
as metros, surface public transport or electrictiva. The paper by Scheiner and Holz-Rau,
8



2013 examines changes in travel modes after rasdleelocations using structural equation
modelling. The findings show that relocations ameé tassociated changes in the built
environment induce significant changes in car osimgr and in the travel mode, and may
thus be regarded as key events in an individualsility biography.

Schwanen et al, 2011 focused their research oratdichange mitigation in transport systems
and related land vehicles: the analysis pointdimattecological modernisation and neo-liberal
govern-mentality in general provide the context fbe current focus on and belief in
technological, behaviour change and especially etdrased mitigation strategies; this is an
input that will here be used later on when refgytimindustrial choices.

The paper by Te Brommelstroet and Bertolini, 2048alysed the central position of the
integrated automotive Use and Transport (LUT) sthatdevelopment in establishing more
efficient and sustainable urban environments, andtioduced the concept of 'knowledge
generation' as a potentially useful mechanism tseclthe gap between support tools and
planning practice: these results have proved udefuthe authors of the present paper to
assign the most suitable transport modes and newepbd of automobiles, in terms of
sustainability (traffic, energy, environment, sgjeind of the appropriate distances.

An analysis of the rapid development of motorigatio Asian cities, in terms of urban
transport infrastructure, spatial development aastel behaviour, was made by (Kitamura
and Mohamad, 2009) from another point of view, tlgatof the most quickly evolving
countries, considering diffused personal motorisedility.

The paper by Frondel et al., 2011, critically asessEU legislation, with reference to its
economic and technological underpinnings: the neadore accurately reflect the industry’s
technological status quo is outlined, and alteweatargets are proposed which seem to be
related to the subsequent proposals in this paper.

The paper by Wells et.aR013, analyses the issue of whether governmesgalation results

in higher producer costs, which then result in brgbrices for the consumer. They conducted
a longitudinal study of the European automotive kealand dealt with features related to
energy use and, above all to the emissions of ke=hwith alternative traction or propulsion.
They concluded that regulators need a better utaaelisig of what the ‘cost of regulation’
entails over the longer term. This suggestion leesnlzonsidered relevant in the present paper
for dealing with governmental policies on energhjah have been related to thatsoibsidies

to more oil independent transport modesorder to pursue energy independence, at least i
those countries that want to reduce their econamliance on other countries that extract
black-oil.

Mathez et al., 2013, have focused on the city ohtvial, which has invested large amounts
in alternative transportation systems, and haveidened the recent initiatives to significantly
reduce the consequences of the use of black-oieatkrfuels, by containing the overall
greenhouse (GHG) emissions from the transport settee paper presents a methodology
that was developed to estimate the GHG emissionsergeed by commuters; this



methodology is linked to a multimodal approach whreserves taonetropolitan trips by
means of the electric tractipno matter where it is used (on public or privatgicles).
The paper by van Ristell et al., 2013, examinestiéic and environmental impacts of the
school choice policy in England and analyses whettereduction in vehicle miles travelled
could lead to less congestion on the roads dutegnborning rush hour and fewer cars
driving near school gates, besides — for this papdlowing a greater usability gdrivate
vehicles with limited autonomy, such as electrieon
The effect of the London congestion charge on mzedialties was analysed by Noland, et al.,
2008: an intervention analysis was conducted teeshgate the effect of the congestion
charge on traffic casualties for motorists, ped@ss; cyclists and motorcyclists, both within
the charging zone and in areas of London outsideztine. We use this with a critic: we
intend to address rather arban policy based on engines and motdinerefore on pollution
rather than on congestion, being energy and envieoh much more interesting when
considering cleaner industrial policies.
Looking back to the bases of ITS, as a supportherenergy efficiency issue and related
dependency on black-oil, when using electric toactior private mobility and multimodal
transport, Kanninen, 1996, in what was likely of¢he first analyses in the field, discussed
the congestion relief and environmental impactd twuld be expected from Intelligent
Transportation Systems (ITS), on the basis of ditqtise assessment of the generated
incentives. He argued that although ITS is intentiedmprove system efficiency, the
technology could in fact exacerbate the alreadyst#yg, economic inefficiencies in the
surface transportation system and that policieotecect these inefficiencies could become all
the more crucial if the implementation of ITS isnswered. Several policies that target
environmental externalities were discussed as plessomplements to ITS; ITS, we add, is a
necessary basis for electric traction when we thinéut the needs to book charging spots, to
choose optimal routing for recharging and the likeingrecharging much more restricting
that fuelling.
The role of ICTs in the transformation and the eigree of travelling has been taken into
account in the paper by Lee-Gosselin and Buliufg,22 in which the role of ITS in a more
oil independent transport system is emphasised.
Hybrid vehicles projecthave been investigated in the paper by Hannah 204, who gave
details about related industrial technologies ahdirt shortcomings; some studies on
renewable energy technologies, energy managemstensy and other related topics have
been reinvestigated.
The papers by Aftabuzzaman and Mazloumi, 2011, KShamjad Neelakrishnan,
Rudramoorthy, 2010, and Al-Alawi and Bradley, 20p8sent both energy issues, which are
hereafter analysed, and comprehensive summariétEdh) PHEV and EV penetration rates
studies, their methods and their recommendationghd third one, these studies have been
applied with a set of analytical and computatidoals to model the consumers’ acceptability
of these technologies under a wide variety of yodicd macro-economic scenarios.
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4. Recent trendsin demand and transport policy concerning energy in automotive field

From the previous paragraphs, a few main elememisrge: in the present century, the
strengthening of sustainability issues and the ldgweent ofmotionless communicatidmave
been conditioning the increase in transport, amdefore the use of automobiles, at least in
the most technologically advanced areas in thedwvdr recent years, the constraints on
emissiondhave also had important effects on the produatioengines, and have opened the
door to alternative solutions automobile makers have tried to respond to thessold
restraints by merging for pursuing economies ofesaad by innovating, in order to have the
possibility of investing. However, they cannot mdalts on such revolutionary investments
on cleaner production that road transport sustdityalrequires. The double-attacking
sustainability concept has to be faced witkvianing cleaner solutiorthat will be able to
satisfy the current modern transport demand. Aengit has here been made to try to
understand this latter aspect at both a macro Ewdthen at a personal choice level.
Starting from the macro level, attention has heenbfocused on Europe, as Europe is at the
core of this issue and one of the main supportéenergy and environmental issues. The
European Union appears to be determined to tabklehergy issues pertaining to transport
sustainability: its White Paper “Roadmap to a Snguropean Transport Area - Towards a
competitive and resource efficient transport sySt€d©OM/2011/144, EC, 28.3.2011) targets
ambitious objectives concernirigdependence from black ofls well as the utilisation of
technologies in such a pursuit, in line with “Hane 2020”; the USA has also made
significant steps (April 2013) towards independeificen black oil for the traction and
propulsion of transport systems. In 2016, Japamacdeat the will to reduce carbon dioxide
emissions from transport usage.
In order to lay the bases for viable future tecbgamal evolutions and industrial outcomes,
the authors here intend to deal specifically whth following topics on the demand and use of
energy in transport systems:
1. to what extent transport systems and road tran$aee an impact on the use of energy;
2. how energy consumption has evolved in transpotesys and in the automotive industry;
3. to what extent the use of energy has an impacbaa transport;
4. what the involvement of the governments is in thee wf oil-derived energy for
automobiles;
5. what cleaner industrial solutions can be prospeictedchanging economy, related to both
the traction of vehicles and the economic inteoésthe public administrations.

The following sections first gather and synthesiggeneral framing on the role and impact of
transport systems on the overall energy consumptiath the related evolution, and —
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conversely — on the impact of consumption on theragonal cost of the different transport
modes. These elements are essential for a bettimrstanding of where and to what extent
energy efficiency can have an impact on automdtiamsport, and they provide the grounds
for some general considerations on the energy deénratransportation, as well as on its
subsequent impact on economics in general.

As mentioned above, the literature on this subfext produced a multitude of technical
reports, analyses and descriptive articles; howesemore accurate investigation of the
general matter still seems to be useful. The airthefpresent paper has been to provide a
perspective of consequemdustrial choices engines, automobiles and preferable transport
solutions, taking into consideration the per-capiteergy use in transport modes, which, in
this frame, becomes essential.

5. Impact of thetransport systemsin general on energy usage

The transport industry is mainly characterised iy ise ofdistributed energyehicles,
with the exception, in general terms, of those esyst which operate on tracks or fixed
installations, such as railways, subways, cablewayd automated people movers (Dalla
Chiara et al, 2008a). As will be specified furtheer, in most cases, the energy source is
combusted directly by engines on-board vehicles thiey on road, sea, inland waterways or
air — that are provided with a fuel tank.

Almost all these transport systems are based upbrdesived fuels, and the current
alternatives often show significant limits. The ngport systems operating on fixed
installations do not depend only on the aforemetibfuels since — as is well known — they
also use, with the exception of infrequent Diesattion vehicles, electric lines supplied by
power stations, irrespective of the energy soussluo supply such stations. Moreover, the
automobile field is the only one which is almostlesively based upon a sole primary source
(Dalla Chiara et al, 2008b). For example, the daipplied by the Italian Ministry of
Economic Development in 2010 have shown that, atyltsuch a dependence was nearly
93.4% for use in transport system (road, rail, although this figure seems to be reducing
compared to 2005, when the use of black oil wasin&d@%: This dependence on black oil
was estimated as 98.2% in Great Britain in 201 lpéDenent of Energy and Climate Change,
2012), 98.5% in Switzerland in 2011 (Federal Deparit of the Environment, 2012) and
99% in Australia in 2002 (ABARE, 2004). Some figsirat a European level, dating back to
the beginning of the decade (2001 EC White Booktransports [COM/2001/0370 def.])
estimated this value as 98% while it was estimate®6% in the USA in the same period,
although it reduced to 93.2% in 2010 (US Transpiorta Energy Data Book, 2011). The
2011 White book on Transport Systems reports adigl 96% in the EU. These values also
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include capital expenditures: for example, neay4tbillion Euros - nearly 30 of which of
industrial component - for Italian drivers each ryeia 2012-2013-2014: this value was
somewhat lower in 2015 because of the reductiao#t per barrel of oil; reducing the overall
amount by the industrial component, the remainiagt fs mainly associated with taxes
absorbed by the government.

According to Eurostat, the impact of transport eyst in Europe (EU-25) on the overall
energy consumption in EU countries in 2004 resuibeloe equal to 30.7%; such a value grew
to approximately 32% (2006) and to 33-34% (2008}he following years (Dalla Chiara,
2010; Dalla Chiara et al, 2008b; EIA, 2006 and 3008e impact of the transport systems in
Europe is nearly 10% greater than the world avefagemated as 20.42% in 2003), due to
the presence of a larger average motorised molbilay in other continents. Europe shows
variability in the impact of transport consumption the overall final values reported for the
different countries (Unione Petrolifera, 2009, 202D13, 2014) (Fig. 2). Transportation
accounted for almost 70% of petroleum use in thé& §#8m 2008 to 2014 and had an impact
of 28% on the total energy use in the USAe total petroleum consumption reached more
than 20 million barrels per day in 2007, but hasrbbelow that level from 2008 onwards
(U.S. Department of Energy, Energy Information Adisiration, Monthly Energy Review,
June 2015).
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Fig. 2. Impact of the energy consumption of transport anfthal domestic consumption in Europe and in the
relevant nations, - data from 2006-'08-'10-'11 (BaChiara, 2010; Unione Petrolifera, 2009, 2011130
2014).

According to publications referring to EU25 (EC0202005, 2006), within the framework of
motor transport systems, road haulage covers & stfathe overall energy consumption
(equivalent tons of oil) of approximately 82.5%,dars therefore predominant - at a
continental scale - over other modalities (EC, 300&ilways have been estimated to be
approximately 3% below (Table 1).
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Table 1. EU-25, consumption of transport modality in 199002 and 2010, in 1000 tb¢EC, 2007 and EU
Transport — Statistical Pocketbook 2012).

Transport

modes

Road 227’957 2907013 299'700 27% 3.3% 82.6%
Railway 9125 9250 7’400 1% -20% 2%
Air 28378 47'420 49800 67% 5% 13.7%
Inland

navigation 6’578 5'047 5900 -23% +17% 1.7%

6. Evolution of energy consumption in transport systems and in automotive field

In order to start answering the second questioouleting vehicles need to be considered.
The number of automobiles in European countries banseen to have experienced
continuous growth in the second half of thd" 2éntury (Fig. 3, referring to Italy), as has also
been shown for Germany (Woldeamanuel et al., 2009).

In 2008, approximately 176.5 million vehicles ot@itlee 806 million ones in the whole world
(Fig. 4) were circulating in China alone, thatapproximately 21% of the whole world’s fleet
(Dalla Chiara, 2018)

However, more worrisome data are expected foruhed (The Worldwatch Institute, 2007):
the European population is approx. 500 min. inlzettd, i.e. one fifth of the overall
population of China and India.

" Equivalent tons of oil.
8 To define the present consumption, it would alsonlecessary to examine the use people make ofauch
circulating fleet, which is related to both the mge distance covered and the relevant occupateytha latter
aspect cannot be obtained as reliable information.
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Consequently, if, according to the current trehése two countries reach an average level of
motorisation equal to the European one, the camditimight come to a head, since the
demand for oil in these Countries would grow at exyvfast rate, with an expectable
subsequent increase in its sale price, except eoofse — in the case of very competitive
alternative resources. In China, in the last 40rs/gae. between 1965 and 2005), oil
consumption has increased from approximately 1lianikons per year to 327 million tons
(Dalla Chiara, 2010): i.e. a 2,900% increment folaserage increase of approximately 72.5%
each year.

Considering the above information an attempt waitehbe made to verify whether the recent
almost constant values of circulating vehicles most industrialised countries can be
confirmed by the current mobility of people; recéends of individual motorised mobility in
Europe and USA show a nearly constant trend (Figic 6).
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Fig. 6. Passenger kilometres travelled by private carslahd trucks, 1990-2010 (index 1990=100) (OECD,
2013).

As an example, it can be observed that the totthdce covered by light vehicles along
Italian toll-paying motorways (figure 6) decreas®dl.6% in 2011 compared to 2010; as far
as heavy-duty vehicles are concerned, the v-km alenest equal to those of 2010 (-0,1%);
the traffic of heavy-duty vehicles was less in 20thin that recorded in 2003. The
comparison shows -23.5% t-km for toll-paying motays in France between 2007 and 2012
(FNTR, 2013). The traffic was almost constant betw2012 and 2015, but there has been a
slight increase since 2014 and a notable increa2616.

18



Number of vehicles-km on the Italian toll-motorway network (in million) in the period 1970-2012
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Fig. 7. Vehicles per kilometre for all vehicles, 1970-20F2aboration by the authors on data obtained from
AISCAT, 2013).

All the aforementioned conditioning aspects assediavith sustainable transport — i.e. land
use, energy use, environmental impact, maintenaimceeased safety, level of personal
mobility — seem to have had a real impact on miybdnd therefore require an appropriate
analysis for a subsequent general economiccéeaher industrial solutiorn the automotive
field. Attention has here been focused on the gnaspect, given thismonopolistic situation
on the used energy source and on the driving ptpala which has become consolidated
over nearly/almost one century — together with itm@lications it has on technological
innovation, industrial production and, consequendtythe environment.
The almost complete monopoly of one energy sourdais field isnot necessarily negatiye
since it creates a global standard for both pradncind for the maintainability of internal
combustion engines, while their production is beéghbetween two options, on the basis of
the availability and prices of oil-derivate fuelsalso creategconomies of competenamne
century of results cannot be disregarded. Howetveould become an issue if one or more of
the already long-lasting threats begins to compserthe already slaving balance of payments
of those nations that cannot take advantage ofnaleoil extraction at competitive costs,
being exporters of black oil part of an oligopdllye exhaustion of oil-wells producing oil so
far available at reasonable prices, which are bdaigen over by unpredictable self-
establishing and self-declaring states, becaugbeotinsettled conditions of the Islam area,
the convenience of the WTW analysis (see belowyirenmental constrains — such as, for
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example, those officially stated on g@missions in Europe — which, as far as all combnst
products are concerned, are closely related to dottate change aspects and Public health,
could all play a role. There is still a need to rekee the energy usage pertaining to land
transport into more detail for our subsequent psajgconcerning the automotive industry.

7. Energy usage in theroad transport sector

The impact of energy consumption on road transpehicles is extremely variable, mainly

because of the very different kinds of vehiclest ttieculate: those with from 2 up to 10

wheels and sometimes more, with related massesmatable usage in terms of grades of
roads, speeds of vehicles and their variationsa®&xample, it is possible to mention the
exceptional impact of energy consumption on theningp cost of freight - i.e. heavy-duty

vehicles — in many industrialised countries betw@€®8 and 2010, a value that was
approximately equal to 25 to 35%, with further peak up to 37% in the 2011-2015 period.
The incidence of road freight transport, includindustrial and commercial vehicles, on the
overall road transport energy consumption reachgaroximately 39.5% in 2008 (Dalla

Chiara and, Pinna, 2012).

The purely indicative example reported in Fig. 8wh the incidence of the cost of gasoil on
road haulage, as taken from data supplied by thiéardt Ministry of Infrastructures and

Transport. The values obviously vary on the basishe total weight and average yearly
coverage of the heavy-duty (industrial) and commaéneehicles, but there is no particular
reason for such different percentages in otherlaingiountries, apart from a variability of

State taxes, as modern freight vehicles are allaimm terms of average consumption.
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The incidence of road transport energy consumgtiorthe overall energy consumption in a
given country can be estimated from this infornmatil Italy is taken as an example, energy
consumption can be seen to have consistently isededuring the second half of the™20
century as a result of the progressively large remdb circulating vehicles: such a growth
was moderate from the second half of the nineteere$ until the first half of the nineteen
sixties (nearly 430,000 commercial and industreghieles were circulating in Italy in 1960 ),
but increased remarkably faster — on average—amiheteen seventies and eighties (nearly
1,370,000 in 1980) and then decreased (negativendederivative) in the last fifteen or so
years. In the last 12-15 years, the number of tegd vehicles — both light and heavy duty
ones — has remained nearly constant in Italyapprox. 3 million units. This trend is rather
similar to that of other European countries.

However, although the scenario of the circulatilegtf which is obviously not the only
factor that affects energy consumption, shows dtigoing towards saturation in European
countries, the worldwide status is rather differethte 46,614,342 heavy-duty vehicles
estimated in 1968 (i.e. 21.5% of the overall fle#ege to approximately 109,000,000 in 1985
(22.5% of the total) and to approximately 185.4008.th 1996 (27.6%). Nowadays, according
to data derived from the literature, heavy-dutyigkls may amount to approximately 300
million units, with a continuous increase that hasinly been ascribed to industrially
evolving areas throughout the world.

The evolution of petrol and gasoil consumption &tomotive traction in industrialised
counties can be calculated; a trend that has aahstgrown over various decades for

different nations as well as a reduction over #st few years (see, for example, Maggi, 2005;
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Dalla Chiara and Pinna, 2012; The Executive Offifehe President of the United States,
2015) can be observed.

If Italian data are again considered as an exaniplean be seen that the consumption of
petrol and gasoil in 2005 resulted to be:
- approximately 18,766 billion litres of petrol;
- approximately 29,85 billion litres of gasoill;
- approximately 47,851 billion litres in total.
These figures rose to 12,530 billion litres of firel2011 and 30,000 1®f litres of gas oil
(diesel); in in 2013 these were 11,146 lifes of fuel and 30,488 fof litres of gas oil
(diesel). It can therefore be seen that a remagkabtluction has taken place. Gasoll
consumption results to be much higher than thatetrfol, even though the number of petrol-
fuelled vehicles in Italy was more than double sajiefuelled ones; this is because of two
partially obvious reasons, namely:
- the yearly average road coverage of gasoil vehidefar greater than that of petrol
vehicles;
- approximately 91% of the road vehicles devotedh® transport of goods are gasoil
fuelled; it is well known that they cover long @istes per year and their consumption is
higher than that of passenger cars.

During the last five-year period, gasoil consumptia Italy has been recorded as being
approximately 60 to 70% of the total consumptioet(@ and gasoil), with a growing trend in
the last few years; the average road coverage afyhauty vehicles compared to that of
passenger cars is not known: however, some estntate be made to identify the energy
impact.

The total consumption of fuels is obtained by addithe consumption of petrol-fuelled
vehicles to that of light vehicles, multiplied Hyetrelevant road coverage plus that of diesel
and the heavy-duty vehicles, multiplied by the esdppe values. The above mentioned
individual factors, although they cannot be essdidd precisely for the current situation, may
be ascertained in the future, through the use adkoboxe® However, the overall refuelling
data at petrol stations are instead available.

The data provided by théonto Nazionale dei Trasporti.e. the Italian Report on National
Transport Data) reported that, in 2004, the fldadiesel cars - even though they represented
little more than 25% of the total fleet- consumédast 38% of oil derived fuels.

° In April 2015, the European Parliament voted iofar of an eCall regulation which requires all neavs to be
equipped with eCall technology from April 2018 omds In the event of a serious accident, eCallraatally
dials 112 — the established emergency number thimtgEurope, according to Commission Delegated
Regulation (EU) No 305/2013 of 26.11.2012, whicldaes Directive 2010/40/EU of the European Parli#me
and of the Council with regard to the harmoniseal/igion of an interoperable EU-wide eCall.
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The same source also shows, with reference to10,20at the percentage of gasoil cars had
increased over the previous few years: 14.72% i00209% in 2002, 25.23% in 2004,
31.18% in 2006 and 35.47% in 2008, up to 44.6%0i42(41.1 considering the new electric
and natural gas vehicles).

Furthermore, the circulating fleet of industrialdamommercial vehicles being known
(4.672.659 in 2005, 5.039.327 in 2015), as welthad of buses and diesel cars, it can be
inferred that diesel traction vehicles consumedagrage ofittle less than 2000 litres per
vehicle per year in those yeassith diversified assessments on the consumptigrassenger
cars and heavy vehicles, it is possible to estimatémpact of between 35 and 40% of the
total litres consumed for traction by heavy velsclethese vehicles have represented
approximately 12 to 13% of the total number of ¢&ds and approximately 29 to 32% of the
Diesel vehicles in the last 5 to 6 years: Howeltetan easily be assumed that their average
road coverage is higher than that of cars.

On the other hand, other analyses (e.g. that of ANEow that the impact of heavy vehicles
on road energy consumption in Italy is approxima88 to 40%; these values are essentially
similar to the aforementioned ones.

In comparison to other countries in Europe, it lssthat such a value — was at a
minimum of 23.8 in Germany in 1990 and a maximun8®fin France. As an example, the
percentage impact of energy consumption of heavy-glehicles on the total figure was
33.5% in Austria in 2007, 34.3% in Croatia, 41%Hrance and 29.2 in Germany (Energy
Efficiency Indicators taken from Europe, Odyse€l DO
All the above information leads to the fact thamn-the basis of the 2012 data, i.e. the most
completely available ones, since at that time frarts were impacting for approx. 33.2% of
the overall energy consumption in Italy, if we reably assume that the European average of
82.6% approx. as energetic impact of road transpothe transports applies to this country
as well - the freight vehicles and the connectetiviies of external logistics consume
approx. 10% of the overall energy; with the valoéghe most recent years, we reach an
impact of 11 to 12%.

Fig. 9 reports the impact of road freight transpamtthe overall road transport energy
consumption. A value close to 40% is shown forylté#bata from the USA Transportation,
Energy Data book (for 2012 and 2015) show that @pprately 22% of consumption is for
medium and heavy trucks.

As far as the use of alternative fuels is concerttezlpercentage of Biofuel Italy was 0.9 in
2006, 0.9 in 2007 and 2.3 in 2008; the Europeanageeover 27 countries was 2, 2.6 and 3.5,
respectively.
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Fig. 9. Impact of road haulage on the overall energy comgion for road transport (ltaly).

What do all these values actually mean for thisepaprhe sustainability of road transport
passes through a reliable quantification of itsdance on energy production and, reversely,
the comprehension of energy impact on road trangparation. As black oil has emerged as
a relevant problem, whether in terms of prices,ilalbgity, reserves, political stability or
emissions, amdustrial solution for productioshould be proposed than should be compliant
with constraints and the available technologicdutsmns, while respecting economies of
scale and engineering competence associated Witisage, as will be pointed out in more
detail hereafter.

However, it is also necessary to recall that theraotive field is currently put in competition
with bothmotionless communicatiore.g. teleworking, teleconferences, etc.) and witire
competitivetrains: automated undergrounds in metropolitan contegtsvell as regional or
high-speed trains over medium and long distancésum to approximately 600-800
km/direction per day. Motionless communication @mpetitive in terms of costs and of
energy usage. However, the impact on the operdtimost of energy consumption for the
main land transport alternatives such as railwaybways and tramways, are meaningful.
Some indicative data, which are similar to one hegtshow values of between ~4-5% and
~6% (Dalla Chiara, 2010.), in terms of energy imipfac operating rail systems on their
overall costs (we have seen a 30-35% for the heatwy-trucks, less of course for
automobiles but the ratio remains around 1/5-1/thasof the rolling resistance). This means
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that, when applicable, they potentially constitateery important alternative to road vehicles,
in terms of energy and environmental sustainabiéig/well as to motorised and clean means
(such as bicycles, bike-sharing services, car 8garsing electric cars, ...), for short ranges. It
is therefore possible to wonder whetlaetomotive production has a way-out or solution in
this context for this purpose, if the usage of either altam®atfuels or energy carriers
represents a solution, a more extended analysiseoaverall energy consumption is required
for a sustainable technological and economic swiuith terms of a clean production for the
market.

8. A comprehensive analysis based on the overall energy consumption

In order to provide an appropriate analysis on gneonsumption, within its sustainability
context, and to trace an appropriate technologeaspective - which can be considered as
satisfactory from a methodological point of vievelated to all transport systems, the well-to-
wheel (WTW) index (a tool which was first proposadd consolidated in the automotive
industry, but which is rarely applied to the othesdes) needs to be applied once we decided
to abandon the near-monopoly of black oil and tlect combustion of its derivatives on
board.

WTW is an absolute energy index, whose functionbksa combinations of different
propulsion technologies and different fuels or ggerarriers (i.e. hydrogen and electricity,
which - once they are produced - can be considgsddels), obtained from a wide variety of
primary sources to be compared.

The WTW index, which can be defined as the integmaof all the processes required to
produce and distribute fuel (starting from its panyenergy source) and to use it in a vehicle
(EC, 2004 and 2007), consists of the combinatiotwof more specific sub-indexes, namely:
the well-to-tank (WTT) and tank-to-wheel (TTW) ind@ss, although an intermediate index,
referring to the charging solution, i.e. how thekiaor battery is charged or refuelled, is
introduced when useful.

WTT considers the amount of energy required to nfa&kavailable from the primary energy
source (energy expenditure for extraction, for ¢themical transformation processes and for
transport) to the supply to the car tank, in a Gnoeeaning; it is usually expressed as/MJ;,
where MJis the overall amount of energy spent to make sunchJ of fuel available and MJ

is the energy contained in the fuel stored in thieicle tank.

TTW instead considers the amount of energy usedawe a means of transport over a given
distance, which depends on the combination of thel fand of the used propulsive
technology. From the analysis point of view, theegsment of the WTW index is obtained
from the following ratio:
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In the automotive industry, TTW can be determinadugh standardised guiding processes,
where the speeds and the driving conditions (iapssat traffic lights and slopes) are as close
to reality as possible (typical driving cycles).

It should be mentioned that calculating WTW for tfedling stock is instead a complex

exercise. The standard pathway on which the consamepf the different trains is calculated,

as well as the broad heterogeneity of the ciraudgsitock and the relevant performances all
represent significant drawbacks of this method.aBse of the lack of availability to the
public of data from energy counters either on bdacdmotives (Dalla Chiara et al, 2008b) or
at sub-stations, pertaining to the connected raffit, three alternative options need to be
taken into account, namely:

— the use of empirical formulas, which have to becsjwefor each section and for each type
of train; this option is more functional in a catedy scenario, since, because of the broad
heterogeneity of lines and vehicles, it cannot glegeneral indications as the car WTW
(instead) can;

— the use of other empirical formulas based upondhbistances of the train and therefore on
the equation of motion;

— the use of analytical models to establish the dyosuwmf train motion; this would call for
highly accurate data which are often difficult todk.

While the mass of a vehicle is highly significantrail transport, since it prevails over the
weight of the transported passengers, it has §tgaificance in the car industry. This is why,
when only conducting a comparison between diffetegins, analysing and proposing the
data in MJ(p-km) is not always sufficient, and it would sdim®s be more meaningful to
consider the handled load, e.g. in;NtJkm).

Another parameter that has to be known in ordetetermine the WTW of trains is the load
factor, which, reporting the number of passengera percentage of the seats available on a
train, quantifies its occupancy and therefore distads an index for its utilisation.

In order to calculate the absolute energy experalitd each mode, the WTW needs to be
multiplied by the number of transported passengers by the kilometres covered by each
vehicle.

This section shows that road transport can onlysb&tainable as far as it can remain

competitive not only from the TTW analysis, whicashimplicitly accompanied our market

and our car manufacturers for almost all of the ¢@mtury, but also from the overall energy

chain viewpoint, that is the WTW. The latter indexcompetitive for trains as far as they are

well used, that is do not transport almost “airt passengers or freight. So the sustainability
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seems again to burden much the automotive fiekjg market to trains when they are well
satisfying the demand in terms of services.

9. Potential energy migrations

An important consideration here needs to be poirdet the WTW analysis becomes
necessary when it is needed or present policiesn(&J) oblige one to migrate from one
transport market, which is almost completely dortedaby black oil - through the products of
its distillation, as the primary energy source @msearly one century ago — to a different
one; any alternative has to be evaluated on thes lzdisthe energy needed to obtain it -
especially in the case in which it is not useddlye, i.e. burnt, inside the vehicle, as occurs
with fuels — with particular reference to energyrigas (Fig. 10).

Once the energy monopoly has partially been abawonthe automotive filed, the energy
supply for transport could take a large number ifegent pathways, as shown in Fig. 10.
Alternative fuels would gradually become a much ensignificant part of the energy mix.
However, it is difficult to identify a single carttiite for a cleaner market and, consequently,
production; the fuel demand and the challengesbgegreenhouse gases will most likely
imply the use ofr wide variety of primary energie$here is rather broad agreement that all
the available sustainable fuels will be needeesolve the expected supply/demand tensions.
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Fig. 10. Energy pathways in transport and other sectorsir(®o our/the authors’ modifications of ERTRAC,
2011).
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Irrespective of the costs and prices of the ensogyce, which are subject to variations due to
the market fluctuations, it is necessary to underthat the WTW index varies over time and
space, since it is related to the current or knawailability of sources and to the kind of
energy in use within a given country or region.

10. Theroleof occupancy and load

As previously mentioned, a merely quantitative gsialwould not be sufficient for the aim of
this paper. Instead, the actual use of each angy éxensport mode should be taken into
consideration. From this point of view, public tsgort is obviously favoured, especially rail,
cableways and underground systems, because of ltukirof dependence on black oil.
However, occupancy is also a relevant factor. Taplys reported in Fig. ldndin

Fig. 12represent the energy consumed on board per peesdal@metre and for each vehicle
kilometre, on the basis of the calculation of egyedgssipation for an aerodynamic, specific
resistance along a straight and plane path.
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Fig. 11. Energy consumed per person-km
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Fig. 12. Energy consumed per vehicle-km.

From these graphs, it is possible to observe héevaat the good use of a vehicle can be to
obtain its sustainability, also quantifying the qmetition with other transport alternatives.

11. Economic issues and their potential evolutions

In such a general energy context related to swidity, which is characterised by the almost
exclusive use of oil derived fuel in the automotixensport systems, the role of Governments
should not to be underestimated: this role is gsig@ificant in some cases, and has been of
particular relevance since the second half of tast gentury. This fact has been clearly
documented, for example, for road transport inyitdhe tax components weigh by roughly
60% on the overall cost of one litre of fuel, arad lemained almost the same over the last ten
years.
Hence, the significance of the consumption of epdog transport - mainly road transport —
on Italian state revenues can be highlighted:

— income for petrol excise taxes in 2013 = 0,7284r€A 11,298,792,958 litres =

- 8,230,040,790 €;

— income for gas oil excise taxes in 2013 = 0,6174r&/- 29,642,129,870 litres =

18,301,050,982 €,
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- total revenue for excise taxes in 2013 = 8,230BW,+ 18,301,050,982 =
26,531,091,772 €

Such values can also be estimated on the basiseclverage distance covered yearly by
vehicles in Italy, which, according to a analyséslata collected by the “National Transport
Account” over several years, multiplied by the aggr consumption and the money income
from the excise taxes, is approximately equal t&Q@ km.

The data, which have been obtained theoretically, lme compared with and confirmed by
those found in the State Budget. The aforementiatet/ed data on excise taxes can be
added to the income obtained from V.A.T.

Subsequently, the consumption of fuels generateghiees for the State - as excise taxes and
V.A.T- of approximately 38,610,127,961 € in 20131,712,424,567 € in 2005). This value
can be added to the income from V.A.T. for the pase of vehicles and to road taxes; the
total revenue for excise duties in 2005 was 22832656 €.

The last six to seven decades have witnessed tvpostonomic cycle in many industrialised
countries, where an increase in the road infragiras has been accompanied by an increase
in the national circulating fleet and vice-versa,veell as by an increase in the overall fuel
consumption, and hence in the State incoare:economically profitable loop for the car
industry, its staff, Governments, road manufactsirand infrastructure managersince
approximately the turn of the century, the conditiy elements listed in 8 1 have taken on
more relevance, and an upper limit has been reaehtediether with the saturation of the
market — for this positive collaboration within dndustrial society over the last century.
This has triggered the scientific community to sbafior alternative solutions, both for the
general Economy and for a cleaner production, bghshg typical distances covered by cars,
the competitiveness of more oil independent andrenmentally-friendly vehicles and ITS
(Intelligent Transport Systems) based on the imtensse of ICT. The main streams and
recent results in literature pertaining to thegeeats have already been synthesised.
On the basis of the available data on the vehiekt,fthe average distances covered per year
and the average emissions of the vehicles (EC, ,2B0d5; Jagrgensen and Soreson, 1997,
Strelow, 2006), the total emissions can also benastd for different means of transport,
although they remain a consequence of the chossgen
An assumption that can be derived from the previolbservations concerns what kind of
payment can be applied to the use of the natusmurees utilised to meet the modern
requirements of transport and mobility, namely:
- A charge on oxygen, accompanied by the well-knoamserations on CQOwhich is
instead a combustion product and_has arisen imntkeenational panorama according
to Kyoto’s and subsequent agreements, does not tgekenrealistic at all;
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- Payment related to the actual the road usage,datkas payment for the coverage of
the infrastructurerpad pricing), with the support of transport telematics, woségm
far more realistic and has already been appliedfew countries.
This would have an impact on the transport demasidt, would generate the awareness of the
actual utilisation of the distances covered by mseah one's own motor vehicle, and a
correction could be applied on the basis of thateel market. In many countries, the current
tax system responds to a logic which does not dkmenthe covered mileage, but is a
function of the power and emission class of theirengThis innovation aspect could be
considered in the mosaic that is traced hereafteraf cleaner production and cleaner
automobiles.

What has emerged from the previous remarks imfitias in most industrialised countries, a
continuous increase should not necessarily be &xgem either mobility or in the
consumption related to it — as occurred for margades—while safety, quality and efficiency
— mainly as far as energy is concerned — shoujalibgued (Deflorio et al., 2008).
Subsequently, the industrialised economic system, that of one of the most mature
countries, from the industrial point of view, seetosbe passing from a context that is
prevailingly based on both industrial and ciypfkoduction the latter being intended
specifically as the building of transport infrastures, to another one based upon
maintenancebut also orefficiency, quality and safety

However, considering the world scenario, one of ie@n challenges our society is facing
remains the procurement and management of energrafesport fuels and carriers, as well as
the consequences of their use on both people aenironment, in the wide meaning of the
word.

Such issues have a great influence on all the isedfoenergy consumption, and on land
transport in particular.

For this reason, an important step has been takén EWJ Directive 2009/33/EC of the
European Parliament and of the Council on the ptmmamf clean and energy-efficient road
transport vehicles. However, other relevant adéisithave also been carried out, as in the
USA and other nations around the world. The divectonsiders the emissions that occur
during Tank-To-Wheel (TTW) energy use. Details afigus categories and sub-categories of
vehicles can be obtained by adopting this methapoltt should be borne in mind that, given
the variability of sources for WTT, the WTW indexhich varies in time and space, has to be
considered as a necessary and unavoidable insttutmechoose innovation in transport
systems, although it is not necessarily a mathealatistrument of choice.
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12. Not asinglefue

As regardsroad vehicles on the basis of the previous analysis, Fig. 3ms a viable
scenario, in the authors’ opinion, for future trastand propulsion, on the basis of the WTW
analysis and all the aforementioned consideratiom®ractions of production with the
territory and energy availability (European Exp@roup on Future Transport Fuel Report,
2011). The concept expressed within the graphat #tcording to the energy availably and
environmental sensibility within a country (leftds) and the research plus industrial
capabilities throughout the territory, the prodastand usage of internal combustion engines
(e.g. in an oil producing area, such as an Aralmtglor electric vehicles (e.g. in an electric
current producing area from nuclear power, sucim &ance), will be favoured, with all the
intermediate mixtures leading to different kindshgbrid vehicles in relation to the weight of
black oil or alternative carriers within energy eromy. Moreover, the availability of
recharging spots available either in private a@maen public land, together with the usage
(mass, distances) made of vehicles will help tonrahe market: short trips and light-duty
vehicles, of up to approximately 3.5-5 tons of greshicle weight (GVW), will lead people
to prefer electric traction (not necessarily byyfdlectric vehicles, but perhaps by the electric
motor of plug-in hybrid one) while higher masseslamg distances will continue to be
covered by internal combustion engines (gasoil, pessed or liquid natural gas, liquefied
propane gas); in the latter case, the availallfityecharging spots has been found to not be of
great importance . Flexible engines, such as rfudii-ones, help where high masses and long
journeys need alternatives to black-oil derivatel§u(e.g. in Brasil). This is a differentiated
market, more oil independent and respectful ofltlval energy preferences, addressed to a
cleaner production and operation of road vehicles.
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Fig. 13. A perspective of road vehicle traction and projpulon the basis of an WTW analysis, an interactibn
the production with the territory and energy availlty (elaborated on Dalla Chiara and Pinna, 2012)

The present analysis leads to the conclusion beaetisno single solutiorthat could be
used for all transport modes in order to respeetrédtent environmental constraints; a viable
energy carrier,such adiofuels cannot be sustainably produced in the requireshifies for
this purpose. Biofuels could therefore be usedctieldy for transport modes in which
electric vehicles and fuel cells are not expeatele technically viableRechargeablélybrid
electric vehicles (R-HEVs}hat is, battery and fuel cell vehicles could developed for
passenger cars and light-duty vehicles (LDVS), ingan mind the different upfront costs of
these two technologies and the local, regionalretibnal energy production (WTT).

The viability of a large-scale market penetratidnboth battery and fuel cell vehicles
depends to a great extent on the forthcoming dpwadmts of the basic technology they both
require. Literature sources claim that such teatgies may achieve sufficient development
to start penetrating the market within the next td015 years. If only one of the two
technologies reaches the development requirednetfde the market of light-duty vehicles
(i.e. covering all the possible distance and wegggments of LDVs), refuelling/recharging

33



infrastructures will need to be built at the sanmeetas, or shortly before, any large scale
penetration, and this technology could then doreilaé market and could even replace oil-
based fuels. In addition, if an energy carrierrgdoiced with low or free carbon sources, the
developments could easily lead to reductions ahash as 60% in transportation emissions
by 2050.

The development of both the aforementioned teclyieéo as already mentioned, would
depend to a great extent on the conducted researdhdevelopment as well as on the
implementation of infrastructures, which, to a agrtextent, would need to rely on public
resources and investments. The development of mgehble hybrid road vehicles, mainly
light-duty ones, would be much freer. These wouldedh to maintain the global
standardisation so far introduced for internal costion engines and leave both the user and
the public administrations greater ranges of freedio the use of either electric motors or
internal combustion engines, according to botiiAElr and the TTW, besides respecting any
constraint imposed by local administration (e.@ty centres allowed only to non-polluting
vehicles) and also leaving the Governments someegraf freedom to impose excise taxes
on the use of fuels or (fast) electric current @h®v domestic one can be distinguished with
difficulty from other uses as oven and refrigerat@ther than for charging a vehicle).
Therefore, the problem might be solved by partiadlyersing the energy used by a sector
onto the electric grid. This energy constitutes riye@ne third of the overall energy
consumption in Europe, which aims to exit from thenopoly of the source that was chosen
at the beginning of the last century. Various sohg could be adopted, from the higher
efficiency of the internal combustion engines te tiybrid-electric, fully-electric vehicles
(charged on the grid, at a price that would likedyy from nation to nation and from Region
to Region), to a higher load on electric poweredligutransport, to alternative primary
energies, includin§latural Gas

The potential scenario outlined in this paper codetermine remarkable changes for
corporate systems that operate in the automoteld.fin recent years, different alternative
proposals to the use of oil have been made andisart forward-looking technologies have

been developed to improve energy efficiency andgssioms to the environment, together with
the implementation of ITS, infotainment systems atider innovative characteristics in a

perspective of reducing the purchase cost of vehiels well as the costs related to their
utilisation. However, some aspects have hinderedtaransition in this direction. Only a few

companies have connected and innovated their ptiodsc Some have proposed innovative
models in the energy field, while others have dawetl product innovations to attract their
customers. However, mass production still focusegshe most conventional products i.e.
those that make use of the black oil monopoly, niksty because of the uncertainty of the
responses by the market and the capability ofroitlpcers to apply dumping on new markets
(e.g. shale gas) which do not ponder them enougé .choice of the technologies to introduce
is particularly complex, as described: some sohgtianay result to be winning, and
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governments may foster the spreading of some oh theintroduce different standards (for
electric recharging, for emissions, for taxatiorthwexcise duties), for different geographic
areas, thus creating unavoidable barriers to emtripheir markets.

In this way, production in the automotive field @bwevolve in this changing economy,
otherwise it will lose the battle, because of thginmental constraints, against alternative
more energy-friendly transport modes (bicycles,ctele car sharing, fully automated
undergrounds, high speed trains, mobility as a iseyv and against motionless
communication, from the saturation of the marketwpoint.

The range of technologies that can be implemerstedrirently wide and, as observed, the
choice could be implemented as a function of treglability of the different energy resources
throughout the different territories, and this @balso occur at an international level, with
adaptations, if required, — on the local marketse $earch for partners in order to develop
innovative technologies might lead to a significamtrease in mergers, acquisitions and
strategic alliances in the USA, Europe and Japamvelk as in emerging countries. The
strategy adopted by the automotive field to devehmmvation and creativity is based on the
cooperation strategy. There have been many codperagreements, with suppliers (for
production) and also with their competitors (Wiha et al., 2011). The proposals of
innovative cars might also come from companiestiogroindustries.

Therefore, the European automotive manufactureswih the challenge and manage to sell
green cars and vehicles provided with ITS at adlasgale might make their market more
attractive and also meet the consumers’ demandseomternational markets, thus increasing
their share and — subsequently — their global ussmg@omic results. These manufacturers
could meet the primary needs of other stakeholderd,thus achieve sustainable growth and
social consensus by developing eco-innovationsgenérating new economies.

Only if European automotive industry companies ngan@ develop, produce and spread the
use of vehicles fuelled by alternative sourcesittard which are equipped with ITS systems
in the forthcoming years, with the support of goweents, will they also be able to strengthen
their competitiveness on international markets; exgus countries that are currently oil-
dependent could converge to be independent ofdsbentioil. As an example, Italian drivers
spend 60 to 70 billion Euros per year on purchasih(a total of 67.4 billion Euros was spent
at petrol and gasoil pumps in 2012); in Europeaiblrthey spend a few hundreds of million
Euros/year for the same purpose.

13. Conclusions

In this historical period, technology is offered asrossover solution to resolve energy and
the consequent environmental issues, as well aslahrough which Automotive production
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can remedy the fact that the resource which wasapnegly utilised for transport during the
last century may become scarce, compromised m@liticunmanageable and not
environmentally-acceptable or could be perceivedua$. Moreover, this is happening at the
same time as the explosion of motionless commupoitah phenomenon which has become
diffused with an almost contemporaneous saturatbrthe road vehicle market. This
technological solution can be obtained by improwimng efficiency of engines or of journeys
or even by rationalising the consumption of thexted activities by using ITS (Intelligent
Transport Systems) and by developing a productimiclwcan become sustainable by limiting
the use of fossil fuels.

The main results of this work can be synthesisetbl®wns: there is a need to respect the
centenarian economies of competence and of scalatajing around internal combustion
engines, to pursue independence from the main spwitich is almost a monopoly, and to
use lower unitary energy in motorised mobility irder to reduce the fuel consumption per
person or per ton and — consequently — emissionis. &im can be pursued either through
higher capacity transport modes, such as trainfiewjnaranteeing that vehicles are loaded
more than their break-even in energy as much asitjesor with a low level of oil-derived
energy used for operating road vehicles. The WT\lyais in fact synthesises most of these
ideas.

Production in the automotive field is thereforel@@dl upon to evolve in this changing
economy, otherwise it may lose the battle becadsthe environmental constraints, the
saturation of the traditional market, in favour aternative more energy-friendly transport
modes, when suitable (bicycles, bike-sharing, gtectcar-sharing, full automated
undergrounds in metropolitan areas, high speedstrdéor medium range travels, also
integrated through personal cards for mobility agmice), or of motionless communications.

An improvement in road transport can be pursuetenms of quality, safety and efficiency of
engines, and through the support of ITS. It wowddhbcessary to try to develop independency
in transport from the almost only energy resouree,oil, so as not to be restrained by it and
temporarily immobilised: the path that should b#ofwed is through both efficiency and
alternative energies.

The present analysis has pointed out that theme isingle solutiorwhich could be used for
all transport modes to respect the recently intcedu environmental constraints.
Rechargeabldlybrid electric vehicles (R-HEV)hat is, battery and fuel cell vehicles, have to
be developed for passenger cars and light-dutycleshiLDVs), while bearing in mind the
different upfront costs of these two technologied ¢he local, regional and national energy
production (WTT).

On the basis of the energy availably and envirortatesensibility within a country as well as

the research plus industrial capabilities throughthe territory, a range of internal
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combustion engines to electric vehicles, with avalence of intermediate hybrid vehicles will
evolve in relation to the lack of black oil or riaéss of alternative carriers within a national or
regional energy economy. Moreover, the availabitfyrecharging spots in either private
areas (preferable, up to indicatively the 90% a@hegges, with slow charging) or on public
land , together with the usage (mass, distancedgrfvehicles will frame the market: short
trips and light-duty vehicles, up to approximatgl$-5 tons of total weight on the ground will
lead to electric traction (FEV or R-HEV) being faved, while internal combustion engines
will continue to be used for higher masses and jongheys. Flexible engines, such as multi-
fuel ones, help to resolve the problem when highssea and long journeys require
alternatives to black-oil derivate fuels. This acf represents a differentiated market, which
would be more oil independent and respectful oflbleal energy preferences but also a much
cleaner production.

For policy makers, dybrid solutionwhich could guarantee boihdependent recharging
(fuel and grid) andndependent motorisatior by electric traction or ICE propulsion —
currently (approx. 2016-2021) results to be the tnviable solution for a green, connected
road vehicle, equipped for assisted driving andctvluould last for a number of years, as it
would have to be compliant with the natural cydliemewal of personal cars. In a couple of
years an engineering footprint might also be qtiabte, on the base of the actual efficiency
of hybrid solutions and related impacts on thetelegrid.
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Highlights:

1.
2.
3.

We introduce the role of sustainability in roachsport, focusing on energy and emissions
We let emerge the impact of sustainability conceptshe automotive industry

We synthesise recent trends in demand and trangplacies concerning energy in the
automotive field

We quantify energy usage in the road transporbseatitlining the need for a
comprehensive analysis

We propose a transport and industrial policy widlugons for automotive production

together with “mobility as a service”



