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The demand for fossil fuel in the transport sector is constantly increasing and transportation is ranked
amongst the highest greenhouse emitting sectors globally. Today, tackling CO, emissions from road trans-
port a widely discussed topic and constitutes a milestone towards reaching a sustainable, carbon neutral
economy. This challenge is being described in various initiatives adopted in the European Union and other
parts of the world. So far several measures have been proposed and adopted for reversing the increasing
greenhouse gas emissions trends. This paper attempts an overview of the existing policy framework in
various countries focusing on European Union. In addition, the main technical measures proposed and
promoted in this direction are presented and evaluated with respect to their greenhouse reduction potential.
Special attention is paid to emerging technologies, such as hybrid vehicles and biofuels. The main factors
differentiating the officially reported CO, emissions from actual real life emissions are discussed and a brief
evaluation of the current European policy is presented.
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Introduction

The reduction of anthropogenic carbon dioxide (CO,)
emissions and the gases associated with global warming
phenomenon is regarded as one of mankind’s greatest
challenges for the 21st century. CO, is emitted from al-
most all human activities and apart from its direct impact
on climate, change it is indirectly linked with an older and
perhaps more complex problem, namely the availability
and utilisation of energy sources. Both influence and will
continue to do so even more intensively in the future the
daily life of people and the functions of human societies.

Transport is historically, one of the most important hu-
man activities while after the industrial revolution it has
been amongst the fastest growing sectors of the global
economy. Today, transport accounts for 20% of global pri-
mary energy consumption and for about 18% (~ 5.3 Gt) of
the total anthropogenic greenhouse gas emissions. Trans-
port industry is the third most energy demanding indus-
tries both of the final energy consumption and the second
with respect to CO, emissions, outpacing both services
and household activities. Based on the current GHG emis-
sions inventorying regulation, transport was responsible
for 27% of the total emissions in the U.S. in 2003. The
calculations do not consider other transport related activi-
ties, such as refining and fuel production which raise the
figure even higher. The corresponding percentage for the
15 European Union (EU) states is estimated at 21% of the
total greenhouse gas emissions (2005) and the figure is in-

creasing.

The energy consumed for transport is mainly consumed
for road transport which includes passenger vehicles, light
duty trucks, heavy duty trucks and buses, special vehicles
and two or three-wheelers. Estimates for 2000 indicate that
road transport accounts for 75% of total emissions in the
sector with aviation and maritime transport coming second
and third. A recent study issued by the International Energy
Agency (IEA) reports even higher estimates for year 2005
with the share of road transport reaching 89%. Passenger
cars and light duty trucks are responsible for the majority
of CO, emissions and the energy consumed for road trans-
port. Passenger cars and light duty trucks account for 65%
of road transport greenhouse emissions and for about 45%
of the total transport activity emissions.

The aforementioned increased energy consumption and
greenhouse emissions would not cause so much concern
if their evolution remained constant. On the contrary, the
trend is steadily increasing worldwide. According to the
IEA, between 1990 and 2005, the energy requirements for
transport increased by 37% and reached 75 EJ (75 1018 J),
making transport the fastest growing end-use sector. The
growth rates of the developing countries’ economies sur-
pass those of industrially developed countries. This results
in a sharp increase in transport activity both because of the
rising demand for goods transportation and the increasing
vehicle ownership. Table 1 presents the indicator vehicles
per 1,000 inhabitants for India, China, USA and EU in

- Vehicle ownership and the estimated increase in vehicle population for the 2000-2030 period Sources:[1,2,3,4]

India China

USA Europe

Additional
Vehicles /1000
vehicles 2000-

Year Vehicles /1000

Additional
vehicles 2000-

Additional Additional
vehicles 2000- vehicles 2000-

Vehicles /1000 Vehicles /1000

inhabitants inhabitants inhabitants inhabitants
2030 (“1000) 2030 (“1000) 2030 (“1000) 2030 (“1000)
2000 5 12 779 375
2030 1o 155.000 269 375.790 849 43.354 500 56.100
- Regulatory initiatives to tackle CO, emissions in various countries
Country / Region Standard Unit Classification Driving cycle Application
Japan Fuel economy kmy/1 Weight JCO8 Compulsory
EU GHG emissions g/km Global standard/weight NEDC Voluntary / compulsory
China Fuel consumption 1/100km Weight NEDC Compulsory
Canada GHG emissions Reduction 5,3 Mt Vehicle type US CAFE Voluntary
California GHG emissions g/mile Vehicle footprint US CAFE Compulsory
USA Fuel economy mpg Global standard / vehicle footprint US CAFE Compulsory
Australia Fuel consumption 1/100km Global standard NEDC Voluntary
South Korea Fuel economy km/1 Engine capacity US EPA City Compulsory
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2000 and the corresponding forecast for the year 2030.

These figures attest to the need for immediate action to
be taken for tackling transport greenhouse gas emissions
and energy consumption at the international level. Ad-
dressing such an issue requires initiatives to be adopted on
various levels, such as technology, policy, and economy.
It also implies the willingness to share responsibility be-
tween developed and developing countries in a fair man-
ner that will not restrain the growth prospects of the latter.
Worldwide many different measures and approaches to the
problem have been proposed. The core of them is related
to CO, emissions reduction from new vehicles entering the
circulation. This is expected to be achieved through the ap-
plication of new technologies at vehicle level.

The main objective of this paper is to study and evaluate
theoretically and experimentally some of the technologies
proposed for reducing CO, emissions from vehicles (eg.
hybrid electric vehicles, biofuels, etc.) and recognise pos-
sible routes for achieving future European targets.

Regulatory framework

Measures to reduce CO, emissions and increase en-
ergy efficiency of road transport have been adopted or
announced by most developed countries. Amongst these
initiatives, one can distinguish EU measures, which have
achieved low levels of CO, emissions, the United States
policy with the US being the first to apply systematically
limits for fuel consumption, the state of California regu-
lations which are also heading towards implementing in-
novative measures, Canada, Australia, Japan, China and
South Korea [5]. The overall policy measures are based on
the following pillars:

* Many countries aim at improving passenger car fuel
consumption while Japan has introduced regulations for
heavy duty vehicles and Germany attaches great impor-
tance to energy efficient equipment of vehicles

» The majority of countries resort to policies promoting
biofuels to reduce greenhouse gas emissions while several
bodies support the introduction of strict criteria ensuring
sustainability during their production.

* Many countries have adopted measures to promote
public transport and certain infrastructure use, aiming to
limit emissions and tackle congestion.

¢ A large number of implementing policies are aimed at
changing the means (modal shift), but have a small chance
of success compared with other policies.
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In this framework and according to what has been re-
corded during the study, the basic policies related to pas-
senger cars are presented in Table 2.

Regarding the introduction of emission-fuel consump-
tion limits, three alternative approaches are found: i) the
approach of the single limit value which provides a limit
value based on weighted average emissions from new ve-
hicles, ii) the approach that is based on the value of a vehi-
cle’s characteristics (most commonly weight) and iii) the
approach which is based on a vehicle’s utility parameter
(such as the footprint) which foresees various limits de-
pending on the value of the parameter.

In Europe, until recently, the burden for reducing ve-
hicle fuel consumption was a responsibility of vehicle
manufacturers[6]. Manufacturers signed a voluntary com-
mitment to cut average emissions from new vehicles down
to 140 g / km by 2008-2009. The new EU policy which is
in the process of public consultation sets a pan-European
target for 2015 to 120 g/ km (130g/km should be achieved
on weighted average emissions over the type approval pro-
cedure and an additional 10g from other measures, such
as biofuels and eco innovations). Special attention should
be paid to the Integrated Approach on which the new EU
policy is based. This approach immerged after extensive
dialogue between the European Commission and various
stakeholders and partners. This approach foresees the in-
troduction of measures to address vehicle GHG emissions
at several levels along with the upcoming emission stand-
ard CO, adoption. This will help maximize the efficiency
of measures and mobilize all stakeholders.

Methodology

The use of experimental, theoretical, and computational
tools is essential to fully understand the phenomena as-
sociated with CO, emissions and assess the reduction po-
tential of various technology options. The basic evaluation
methods which were used in the context of this work were
experimental measurements on chassis dynamometer and
engine test bench, computer models and theoretical cal-
culations. The target of both experiments and simulations
was to quantify the CO, reduction potential of improve-
ments in major vehicle characteristics defining fuel con-
sumption over the New European Driving Cycle (NEDC)
which is the cycle employed for type approval in Europe.

Emission measurements were conducted on three diesel
passenger cars (Euro 2-DI of 1900cc, Euro 3-DI common
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rail, 1900cc and Euro 4-DI common rail of 2200 cc all
equipped with oxidation catalysts) following the European
regulations (Directive 70/220/EEC and amendments). The
exhaust gas was sampled in a dilution tunnel following the
constant volume sampling (CVS) technique. The exhaust
gas was primarily diluted and conditioned by means of
Constant Volume Sampler (CVS). A 6 m long corrugated
stainless steel tube transferred the exhaust from the tail-
pipe to the CVS tunnel inlet. A flowrate of 500 Nm3/h was
maintained in the CVS tunnel by a positive displacement
pump. The dilution air was filtered through a HEPA class
H13/EN1822 filter at the inlet of the dilution tunnel.

Regarding the simulations performed, data from the
vehicles measured and additional ones were used. A pool
of vehicles representative of those typically found in the
European passenger car fleet was selected. Six vehicles, 3
gasoline and 3 diesel, with different weight and engine ca-
pacity characteristics were chosen and modelled. Data were
collected in order to model vehicle operation including:

« vehicle weight

* coast down times or aerodynamic characteristics

* tyre rolling resistance values

* gear — final drive ratios

 wheel characteristics (dimensions — weight)

* specific fuel consumption engine operation maps

In certain cases when actual data for particular vehicle
components were not available, qualified assumptions were
made based on previous experience and values representa-
tive of the European passenger car fleet were used. Such
assumptions were made especially for gearbox efficiency
(which was not possible to determine), idle fuel consump-
tion, and in a few cases for aecrodynamic drag coefficient.
The models created were validated against manufacturer
reported data for fuel consumption over NEDC.

After reaching an optimal convergence between report-
ed and simulated fuel consumption over both UDC and

- Simulation results and deviation from reported data

EUDC (subcycles composing NEDC), simulations were
conducted for estimating how each vehicle’s characteris-
tics affects vehicle efficiency over NEDC. All simulations
were conducted using Advanced Vehicle Simulator 2002
(Advisor 2002) tool which is based on Simulink simu-
lation software. A similar modelling exercise had been
performed previously for light duty trucks (N1 vehicles)
and was validated by chassis dynamometer measurements
which proved the accuracy of the modelling technique.
[7,8,9,10].

Technology options at vehicle level

The key technological options considered at vehicle
level in this work were:

1. vehicle weight reduction

2. aerodynamic resistance reduction through aerody-

namic optimization of the design characteristics

3. low rolling resistance tyres

4. In addition an increase of the overall Powertrain ef-

ficiency was studied and evaluated.

For the analysis of the CO, emissions reduction potential
, experimental measurements over NEDC were performed
and their results were used for modelling passenger and
N1 vehicles. The accuracy of the simulations reached sat-
isfactory levels and ranged between =+ 2.5% (See Table 3).
Both the experimental and the computer results showed
that changes of key vehicle characteristics, such as weight,
aerodynamic resistance, rolling resistance and the cargo
mass are associated with changes in CO, emissions through
linear relationships (see Figure 1 subfigures a,b,c,d).

The improvement in the overall powertrain efficiency
offers the same CO, emissions reduction potential regard-
less of vehicle and driving profile and does not follow a
linear trend. Increasing the total efficiency by 10% will
lead to reduction of CO, emissions by almost 8%.

The results indicate that combining technological op-

Driving Cycle UDC (Cold) EUDC NEDC
Simulated.  Reported Deviation Simulated. =~ Reported  Deviation Simulated.  Reported Deviation
Model: [1/100km]  [1/100 km] [%] [1/100km]  [1/100 km] [%] [1/100km]  [1/100 km] [%]

Gasoline small 8.38 8.65 3.1% 5.45 5.25 -3.8% 7.31 7.41 1.3%
Gasoline medium 9 8.8 -2.3% 5.73 5.6 -2.3% 7.81 7.64 -2.3%
Gasoline large 10.5 10.35 -1.4% 6.25 6.1 -2.5% 8.95 8.80 -1.7%
Diesel small 4.49 45 0.2% 35 3.6 2.8% 4.13 4.17 1.0%
Diesel medium 6.85 6.54 -4.7% 4.05 4.15 2.4% 5.83 5.67 -2.8%
Diesel large 8.84 8.9 0.7% 5.57 5.5 -1.3% 7.65 7.66 0.2%
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tions at vehicle level leads to a reduced improvement
compared to the sum of their individual reduction poten-
tial. The gain in emissions achieved by improving vehicle
characteristics in the near future is expected to be around
6-7%. In 2006, emission levels, such as gain corresponds
to approximately 10 g CO, / km. At the same time, possible
increases in the total average efficiency of 10% will lead to
further reductions in emissions of about 12 g CO, / km. It
is understood that a parallel implementation of the two will
lead to average emissions around 138 g CO, / km.
Particularly in terms of individual measures, it should be
noted that while the changes in weight and aerodynamic
resistances are directly reflected in the type approval re-
sults, those related to rolling resistance are most likely to
be incorporated in the type approval results due to a legis-
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lative provision which allows manufacturer to use differ-
ent sets of tyres during the test compared with those with
which vehicles are sold. The resistance caused by higher
rolling resistance tires ultimately leads to increased CO,
emissions especially in during city traffic conditions. Fi-
nally, a key factor that affects rolling resistance and, hence,
CO, emissions is tyre pressure. The implementation of tyre
pressure control systems will promote the reduction of fuel
consumption over real world operating conditions.

Friction reduction — low viscosity lubricants

Engine friction reduction is a technological option to re-
duce fuel consumption through improving powertrain effi-
ciency. Fuel economy lubricants (alternatively referred to
as low viscosity lubricants or energy efficient lubricants)
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Change in CO, emissions with respect to change in vehicle weight (a), aerodynamic resistance (b), rolling resistance (c) and total efficiency (d)
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can reduce vehicle CO, emissions from 0.5-3%. As part of
this study, low viscosity lubricants were implemented and
measured in actual vehicles and engine test bench in order
to quantify their CO, reduction potential (See Table 4).

A general conclusion derived from the measurements is
that the tested lubricants confirmed the fuel saving poten-
tial mentioned in the literature[11,12,13] for low viscosity
lubricants over NEDC (see Figure 2). In terms of pollut-
ant emissions, no substantive differences were identified
which could create problems when employing this tech-
nology. Each vehicle and engine presented a different be-
haviour and there is a general

trend to maximize fuel consumption gains at high -speed
operation and medium loads. In further detail,

- Lubricants tested

High Viscosity Lubricants Low Vl?COSlty Lu-
bricants

Vehicle / SAE

Engine SAE Visc. Base Visc.
Base Stock  Grade, ACEA Stock Grade,
Class ACEA

Class

. Semi- .
Vehicle b . Synthetic ~ SW-30,
. synthetic 10W-40, B3

1.9¢TDi (E3HV) (E3LV) B3/B5
Vehiclec2.2  Synthetic Synthetic ~ OW-30,
i-CTDi (E4HV) OW-40, B3 (E4LV) B3/B5
Vehicle ¢ 2.2 Mineral Synthetic ~ OW-30,
i-CTDi (E4MHV) 15W-40, B2 (E4AMHV)  B3/B5
Test Cell Mineral Synthetic ~ 5W-30,
engine (ENRF) 20W-30, B2 (ENLV)  B3/B5

* The use of low-viscosity synthetic lubricants had a
positive effect on CO, emissions on vehicles. The common
rail vehicle showed reductions of around 4% while fuel
economy increases with increasing speed of the vehicle

* Emissions with low-friction lubricants remained at
usual levels over most driving cycles

* Engine test bench measurements indicated small re-
ductions in fuel consumption and certain emissions vari-
ations. The analysis of in cylinder pressure did not reveal
significant changes in the combustion process when using
a synthetic lubricant.

Emor bars correspond to o

250
@ E3HV
230 ns BE3LV
210 @ E4MHV
O E4HV
190 QE4LV
E 170
2 150 s ™1z TS
o
8 130
110
90
70
50
NEDC Artem Artem Artern
(a) Urban Road Mtw
350

S50}

Load (Nm)

H i 1 i i H j
1000 1500 2000 2500 3000 3500 4000
) RPM

CO, emissions results over the various driving cycles tested (a)
and differences in CO 2 emissions (%) for the test cell engine results (b)

Hybrid vehicles

The introduction of massively produced hybrid electric
vehicles (HEV) in the global automotive market over the
last decade was essential for spreading the concept of the
hybrid vehicle and helped to obtain a better understanding
of their benefits and their weaknesses.

Today, the market for hybrid vehicles varies significant-
ly between Europe and America. In 2007, 459,788 HEVs
entered the circulation globally, 73% of which were sold
in the U.S. (70%) and Canada (3%), 14% in Japan while
the remaining 13% in other countries with Britain and Ger-
many accounting for approximately 6.5%. Being oriented
to the diesel engine as a key technology for reducing CO,
emissions, the introduction of hybrid vehicles in the Euro-
pean market remains weak. European manufacturers have
invested heavily in improving the efficiency of conven-
tional engines with an emphasis on diesel engines. In EU
the share of HEVSs in the new registrations for 2007 ranged
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around 0.5%.

Hybrid vehicles are classified according to the degree
of electric power penetration in the hybrid system in
mild, full, and plug in hybrids. As part of this study, tail-
pipe emissions and fuel consumption measurements were
performed on two production hybrid vehicles[14], which
presented different levels of hybridisation (mild and full
hybrid).

The results showed (see Figure 3) that the higher the de-
gree of hybridisation, the higher fuel economy is achieved
over urban driving conditions. Over 60km / h both HEVs
presented similar consumption which over 100km / h be-
came more or less equal to that of a conventional vehicle.
In urban conditions, the fuel consumption was found to be
40-60% lower than that of the average conventional petrol
vehicle. This advantage is maximized when operating at a
very low average speed with continuous stops. Therefore
, it is likely that vehicle hybridisation will be extended to
models which are mainly found in urban environments.

For mean velocities lower than 90km/h HEV fuel
economy is also better than that of the conventional die-
sel. The main difference between the two HEVs becomes
clear in the low speeds range. For urban driving conditions
(20km/h), full hybrid fuel consumption compared to the
mild hybrid fuel consumption is 40% less. Compared to
the conventional diesel and gasoline cars, the full hybrid
fuel economy is improved by 50% and 60%, respectively.
As the mean speed increases the differentiation between
the two HEV decreases and, above 60km/h both present
similar fuel consumption. The mild hybrid fuel consump-
tion becomes similar to that of a gasoline Euro 3 passenger
car with engine

160
Diesel Eure 3 1400-2000cc
140 = = ‘Gasoline Euro 3 <1400cc
'
E = = ‘Gasoline Euro 4 1400-2000cc
£ o120 3
N PRIUS
3 w8
g 100 ' @ civicima
- .
‘E’L |\
£ 80 .S
8
o 60
o
3
r 40
Error bars
20 correspond to g
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measurements
1]
0 50 100 150

Speed (km/h)

a
Emissions results comparison with Artemis emission factors for conventional passenger car for fuel consumption (a), HC (b), CO (c) and

NOx (d) [14]
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capacity less than 1400cc at 95km/h. Full hybrid vehi-
cle’s fuel consumption reaches that of a conventional Euro
4 gasoline car (1400-2000cc category) at 120km/h. Battery
condition plays an important role in HEV fuel economy.

As the level of hybridisation increases, the influence of
environmental temperature on fuel consumption becomes
significant. According to Yaegashi [15], ambient tempera-
ture affects the battery of the Prius II with colder weather
reducing its capacity and, hence, reducing fuel economy.
Similar observations were made in this study with 7C
increase in ambient temperature leading to measurable
differences in fuel consumption. When calculating fuel
consumption from HEYV, seasonal variations in ambient
temperature must be included since they may lead to in-

creases in fuel consumption up to 12%

Overall, HEVs can play an important role in limiting
CO, emissions from road transport and perhaps are a nec-
essary option to achieve the 130 g CO, / km by 2015. The
introduction of hybridisation on diesel vehicles will fur-
ther help to reduce consumption by making vehicles more
efficient under both urban and rural driving conditions.

Biofuels

Biofuels are currently the most widespread technologi-
cal option for reducing transport generated CO, emissions.
Especially over the last decade, the use of biofuels world-
wide has grown at a remarkable rate for reasons not related
solely to environmental issues.

- Summary of the impacts of different biodiesel blends application on vehicle emissions

Driving cycle UDC EUDC NEDC

UDC

Artem Artem Artem Conclusions

Fuel cold

Urban Road Mtw
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Biofuels under certain conditions offer an important CO,
reduction potential [16]. However, their benefits should
not be taken for granted. The conditions that must be satis-
fied in order for biofuels to be considered as sustainable
fuel in the future are related to key socio-economic fac-
tors. Main criterion that should be covered by any future
biofuel is non-competitiveness with edible products. In
addition, the use of biofuels must be accompanied by re-
duced greenhouse gas emissions throughout the product’s
life cycle and neutral or positive impact on other pollutant
emissions.

The measurements carried in this analysis on a Euro 3
commonrail diesel passenger car showed that the intro-
duction of biodiesel or straight vegetable oils in European
automotive fuels up to 10% v/v will have no significant
impact on operation and pollutant emissions of existing
vehicles. Table 5 summarizes the results of these meas-
urements. Similar conclusions are reported in other stud-
ies [17,18,19]. The presence of biofuels in the fuel leads
to limited fluctuations in engine operation which largely
depend on the engine operating point. The use of high bio-
fuel concentrations, however, requires appropriate adjust-
ment of the engine and exhaust aftertreatment system. In
a different case, it might lead to high pollutant emissions
and reduced engine performance. Further targeted study is
considered necessary before any large-scale implementa-
tion of biofuels at higher concentrations. Higher biofuel
concentration should be considered for captive fleets and
constitutes an interesting option for further promoting bio-
fuels.

In Greece and other Mediterranean countries with simi-
lar geographical characteristics, there is a considerable po-
tential for biofuel production. However, the lack of regula-
tory framework for use and marketing is preventing their
expansion. According to the analysis conducted, Greece
can produce biofuels which meet the sustainability crite-
ria, but in order to do so biofuel production should be in-
troduced in a broader policy context and in a national plan
which will systematically promote biomass and energy
crops in the country. In this direction, it is recommended
that the biofuels which are to be introduced in the national
energy balance are carefully evaluated with respect to sus-
tainability and effectiveness criteria of the forthcoming
EU legislation.
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Conclusions

In view of the need for more sustainable transport, new
regulatory measures are being introduced throughout the
world. The new European framework foresees a binding
CO, emissions limit of 130 g CO,/ km for the year 2015.
All manufacturers must comply to their targets or face
fines. This fact is expected to affect passenger cars and
fleet composition in the forthcoming years. Several vehi-
cle characteristics must be improved in order to reach the
average targets set. A potential route described below is
summarised in Figure 4.
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Possible route to the European target of 120g CO, / km and be-
yond [20]

The experiments and analyses performed showed that
over NEDC, improvements in vehicle weight, aerodynam-
ic, and rolling resistance usually lead to a rather uniform
impact on emissions. Particularly, the improvement of to-
tal powertrain efficiency presents the same CO, emissions
reduction potential over NEDC regardless of the vehicle.
Simulations run with combination of various technologi-
cal options led to the conclusion that the improvement
achieved through their parallel implementation is lower
than the sum of their individual reduction potential which
is an important observation that should be considered when
developing future policy scenarios and strategies. It is con-
cluded that a realistic estimation of the emissions benefits
achievable in the near future through vehicle characteris-
tics, improvement is 6-7%. In terms of the 2007 average
emissions, this benefit translates in to about 11 g CO, / km.
An increase of the powertrain efficiency by 7.5% at the
same time will lead to further reductions in emissions by
9 g CO, / km. It is understood that their combination will
lead to average CO, emissions levels of 137-139 g CO, /
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km which are just below the previous CO, emissions target
for the year 2008. At this point it should be noted that eco-
innovations to be implemented in the future may result
in important benefits in actual CO, emissions. However,
a specific methodology is still needed for accounting the
benefit of such technologies into the type approval test.

Additional emission reductions of 7-9 g CO, / km which
are necessary to reach the 2015 130 gCO,/km target will
be more difficult to realise. According to the new regula-
tion, eco-innovations can bridge the distance towards the
2015 target. In this sense, accurate and unbiased assess-
ment of their real world reduction potential becomes of
great importance. In view of a 2020 95 g/km limit, the po-
tential of mild and full hybrid systems goes beyond the
130 g/km but cost effectiveness is still a major issue that
needs to be addressed.

Judging from the former evolution of the European
fleet performance, the aforementioned improvements ap-
pear difficult to achieve. Vehicle mass has been constantly
increasing throughout the near past and the analysis has
showed that improvements in the efficiency of conven-
tional powertrains may advance at a slower pace than what
they have done so far. However, non-technological factors,
such as policy measures, incentives, and consumer aware-
ness may play an important role in accelerating the neces-
sary development.
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