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ABSTRACT
The air quality in metropolitan areas of Russia and Italy, although with different distribution and inten-
sity, raises similar concerns for the respective public authorities about vehicle emissions, as well as
about the stagnation of toxic pollutants in urban areas. This article discusses some typical situations in
both these countries.

In order to obtain suitable solutions to diminish this form of impact, different tools that are based on
different approaches can be proposed. It is necessary to consider both the practical possibility of appli-
cation and the cost—benefit balance that takes into account the realization cost and industrial system
transformation on one side, and the results in terms of air quality improvement on the other.

The different instruments (technological intervention on engines, chemical modification of fuels,
mobility and road infrastructural planning) are presented for the considered countries, and also in more
developed European and American areas, with a concentrated interest in areas of applicability, costs
and obtained results.

The externality of this form of pollution is presented and discussed, and the aspect of limitation of
impact and consequent external costs is evaluated in comparison with monetary and infrastructural
costs for emissive system modification.

Keywords: air quality improvement, automotive emissions, environmental damage, tools of intervention.

1 INTRODUCTION
The air quality in many urban European areas is strongly compromised on account of emis-
sions from automotive transport [1-3], as is indicated in a new report from EEA [4], where
the following aspects are outlined:

e The transport sector affects the environment in different ways;

e It is the only main European economic sector for which GHG emissions are increased
since 1990;

e Transport emissions of three important pollutants, SO, NO, and PM, decreased during
the period 2000 to 2013 in the EU: the introduction of emission standards, the gradual
renewal of the fleet and the introduction of EU fuel quality limits were important tools for
pollution containment.

Figure la and b represent GHG emissions in 2013 in comparison with the situation in
2000, while Fig. 2 shows the evolution in the years of the different local and regional pollut-

This paper is part of the Proceedings of the 24!™ International Conference on Modelling,
Monitoring and Management of Air Pollution (Air Pollution 2016)
CONFERENCES  www.witconferences.com

© 2016 WIT Press, www.witpress.com
ISSN: 1743-7601 (paper format), ISSN: 1743-761X (online), http://www.witpress.com/journals
DOI: 10.2495/SDP-V11-N4-603-615



604

Index compared to 2000

G. Genon, et al., Int. J. Sus. Dev. Plann. Vol. 11, No. 4 (2016)

GHG emissions from transport in EU-28, 2013
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GHG emissions in EU: (a) transport GHG emissions by mode between 2000 and
2013 compared with GDP; (b) Contributions of the different modes of transport to
EU transport GHG emissions in 2013 (from [5]).
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Figure 2: Emissions of air pollutants from the transport sector in the EU — 28 [5].

ants; the good reduction of some forms of pollution (SO,, NMVOC) should be appreciated.

Although
is not yet

for other parameters (NO,, PM) some progress is clearly observed, a positive result
attained.

The increase of anthropogenic emissions of the greenhouse gases (GHG) in the Russian
Federation (without taking land tenure, land tenure changes, and forestry (LTLTCF) into
consideration) gradually slowed down in 2010-2012, and somewhat reduced in 2013 and
2014, which correlates to the reduction of energy consumption due to some recession in

industrial

production (Fig. 3).
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Figure 3: Dynamics of GHG emissions compared to 1990 in Russia (according to [6]).

Other sector Other sector
Motor vehicles 9% 23%
%

_Energy sector
33%

Transport

(excluding motor
vehicles)
6%
Industrial Other energy
production and sector
building Motor vehicles 3%
1% 28%
i Transport Industrial
er energy (excluding motor production and
sector Energ;/ieclor vehicles) building
4% “ 2% 1%
() (b)

Figure 4: GHG emissions by the sectors (2013): (a) Russia; (b) Italy (on the basis of data [8]).

Grouping the emissions by the sectors is based on the methodology of the Intergovernmental
Panel on Climate Change according to which emissions from combustion of all kinds of fossil
fuels belong to the energy sector as well as the technological emissions and leakages to the
atmosphere of the fuel products independently of the economy branch they take place in [6, 7].

Figure 4 shows the contribution of the different sectors to GHG emissions in Italy and
Russia. Because most part of the Russian territory is exposed to low temperatures most part
of the year, major heat energy is needed to warm up the industrial and residential buildings,
and the basic part of the GHG is emitted by the energy sector.

In Ttaly, which has a Mediterranean climate and, as a result, with a significantly lower
capacity of energy industry, the share of transportation in the total greenhouse gases emis-
sions is noticeably higher as in many other European countries with mild climatic conditions.

Figure 5 shows the dynamics of the relative amount of the pollutant emissions, the most
prevailing pollutants emissions index as compared to that of 2000 and the specific emissions
per GDP unit, per capita, and per energy unit index for Russia as compared to that of 2010.

Due to the increase in industrial production and to the corresponding increase in energy
consumption as well as to the significant development of the motor vehicle industry in the
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Figure 5: The dynamics of the relative amount of the pollutant emissions (derived from the
data [9]): (a) the most prevailing pollutants emissions index as compared to that of
2000; (b) the specific emissions per GDP unit, per capita, and per energy unit index
as compared to that of 2010.

country after 2000 [9], the majority of the components showed a rise despite a decrease in the
total pollution volume. At the same time, the motor transport contribution to the total emis-
sions of toxic substances increased from 40.9% in 2010 to 44.1% in 2014.

In general, the specific emissions (Fig 5b) decreased, thus showing the effectiveness of the
environment protection measures formulated by the state environmental policy [10], includ-
ing improving the quality of the fuels used. Besides, in 2013-2014, a certain percentage in
the decrease of the specific emissions was due to the crisis in the economy and corresponding
energy consumption reduction.

2 POLLUTION LIMITATION
2.1 General and local aspects of the transport emissions

The consequences of GHG emissions and toxic pollution can be considered from different
points of view, and different solutions to this problem must be proposed.

As regards the climate change, vehicles emission is a very important part of energy pro-
duction. The individuation of technological solutions as well as the planning decisions and
limitation at the source of the phenomenon is required.

The technological and planning intervention tools are valid also for limiting the impact of
toxic pollutants. In this case, the need for intervention is increased with reference to the
impact on health, while for GHG emissions it is not convenient to account for the local cases,
the limitation must be considered in the general framework of the compatibility of energy
production. For local pollutants it is mandatory to have a look at the concentration levels
arising from pollutants emission, by making specific reference to the threshold values in dif-
ferent areas. The geographical situation and the local capacity of dispersion and dilution of
the emitted pollutants in the considered region are very important in this regard. Thus, the
situation of North Italy, and Po Valley in particular, where a diffuse and persistent stagnation
condition corresponds to a high contribution from traffic [11], must be considered very
critical.
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Figure 6: Concentration of the pollutant parameter PM,, in different parts of Italy [12]: ¢ —
not exceeding; * — exceeds the daily limit value (50 mg/m?3; max 35 days a year);
— exceeds the limit value (40 mg/m?).

Figure 6 shows the local concentrations of PM (well correlated with traffic emission) in
different parts of Italy. It can be clearly observed that there is quite a bad diffused situation in
the North of Italy, and that there is a consequent need to individuate potential solutions.

In a large number of cities in Russia, such as Moscow, Voronezh, Rostov-on-Don, Kras-
nodar, Orenburg, Ekaterinburg, St.-Petersburg, Nizhny Novgorod, Saratov, Tyumen, Samara,
Kazan, Perm, Volgograd, and Novosibirsk, motor transport contribution to the total emissions
amounts to 50%—-95% [13].

Thus in Ekaterinburg, a big industrial centre, although the main sources of atmospheric
pollution are the motor and railway transport industry, the mechanical engineering and
metal-working industries, ferrous and non-ferrous metallurgy, construction and chemical
industry plants and heat power plants, the motor transport alone contributes to 85% of
anthropogenic emissions. The city is included in the list of those with the highest pollution
level; especially important are the increased concentrations of formaldehyde, nitrogen oxide,
benzo(a)pyrene, and ethylbenzene, while the level of air pollution with nitrogen oxide and
suspended matters increased during 2009-2014 [13].

The high pollution levels of the listed substances have a significant impact on health;
especially dangerous is the concentration of benzo(o)pyrene that substantially exceeds the
maximum permissible concentration, while benzo(o)pyrene is the strongest carcinogen. The
climatic and economical peculiarities make it necessary for specific approaches to solve the
environmental problems caused by toxic substances emissions by the transportation industry,
while the ecological situation in the big cities requires urgent and highly effective environ-
mental protection measures.
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2.2 Instruments for pollution reduction

Following are the useful instruments in different schemes and with different effectiveness on
the reduction of environmental impact:

limitation in the use of more polluting transport systems;
use of more acceptable fuels;

technological intervention in engine design;

rational planning of traffic distribution.

The first effective but difficult solution, should be to contain automotive movement by
proposition home-jobs, with the purpose of obtaining the satisfaction of employment
necessities without an associated need for movement. This solution requires a different
type of work organization and it must be carefully examined from the point of view of the
practicality. It can be in limited in some cases, but in perspective it must be absolutely
encouraged.

In the same sense, with the aim to limit pollution, the choice of public transport must be
considered, and environmentally suitable means of transport should be adopted. In addition,
in this case, the infrastructural cost must be considered, and the need to obtain large public
approval of the systems is a required condition. However, the effect, as demonstrated in some
well-operating areas in North Europe, has been found to be absolutely satisfactory.

Tax measures are very promising in terms of providing means to improve environmental
safety. The funds from transportation taxes may be utilized for the development of road infra-
structure in the regions [14, 15].

The acting systems of tax regulations in various countries have different approaches to
motivate improvement of the produced fuel quality, but they do not differentiate the tax rates
based on the carbon dioxide emission from fuel combustion. Meanwhile, the carbon dioxide
emission can significantly differ within one fuel environmental class.

Earlier it was shown that the specific carbon dioxide emissions are directly dependent on
the density of the fuel used and generally correlate with the toxic substances emissions under
these conditions [16]. This determines the necessity to reduce the density of the produced
gasoline and diesel fuel to the lower limit within the given quality category, which can be
achieved by changing the temperature range of distillation of gasoline and diesel fractions.
This technological approach does not involve additional investments, but in order to drive
petrol manufacturers to produce fuel with the minimum allowable density there is a need to
use economically stimulating methods. In this respect, it is advisable to introduce environ-
mental tax, taking into account not only the fuel environmental class but its density as well
[17, 18]:

T,=R-G =(R,+R,)-G, (1)
where T, is the quantity of environmental tax on gasoline/diesel fuel of the i-th environmen-
tal class,' monetary units; R; is the rate of an environmental tax on motor fuel, monetary
units/t; G, is the weight of the sold fuel of the i-th environmental class, t; R, is the main rate
of the environmental tax on the fuel of the i-th environmental class, monetary unit/t, depend-
ing on the fuel environmental class; R , is an additional rate of the environmental tax on the
i-th type of fuel, monetary units /t, to be determined depending on the fuel density.
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A similar tax mechanism for refineries to motivate them to improve the environmental
characteristics of the produced fuels could be introduced in the limits of one state or at the
inter-governmental level.

The adoption of different fuels (bio-fuel to limit GHG emissions, reformulated gasoline to
reduce the pollutant formation) can lead to important advantages, that have been largely
described in specific literature, but the whole cycle of production and use (from agricultural
products, or chemicals, to fuel use) must be considered with a Life Cycle Assessment
approach, in order to evaluate the real benefits and limits of this type of process innovation.
In addition, the operating costs must be carefully reviewed, and for bio-fuels or, in general,
for products derived from agriculture, the aspects of social and ethical compatibility must be
considered.

The potential solutions to the problem of atmospheric air pollution in many Russian cities
differ from that applicable for warm climate countries. Thus, the low-temperature climatic
conditions of Russia strongly reduce the possibility of use of biofuels and gasoline—alcohol
mixtures. On the other hand, a dramatic improvement in the quality of the traditional gasoline
and diesel oils is limited by the capacities of the oil-refining industry and need substantial
investments [19, 20]. Therefore, it is important to use fast-realized methods that do not
require substantial costs but at the same time provide substantial effect on the improvement
of fuel quality and in the decrease of negative consequences in motor vehicle operation. To
make objective decisions in this field, it is necessary to use effective methods of evaluation
of the environmental measures adopted. This allows to substantiate the choice of the alterna-
tives while comparing the maximum value of the integral environmental and economical
effect; the realization of the environmental measures on the basis of their effectiveness con-
sidering economic and environmental components and the increase of the economical motives
in environmental decisions making [21].

A unique method regarding its simplicity and effectiveness is the use of the effective addi-
tive to fuels, which gives the complex positive effect for gasoline and for diesel fuel as well
[22, 23]. Table 1 shows some positive effects of the ultra-small additive concentrations.

The use of the multifunctional additive can significantly reduce the environmental load
from motor transport in large cities as well as fuel consumption and the need for high-octane
gasolines.

The technological intervention in engines design is a common practice, strongly encour-
aged by public authorities and car manufacturers; it can lead to important results in terms of
emission reduction. Counter-aspects that must be considered are the long life cycle of the
existing vehicle fleet, the difference between theoretical (laboratory results) and practical
(road emissions) performances and the absence of effect on non-exhausted emissions.

Some interdisciplinary innovative decisions to improve engines condition can significantly
increase fuel economy and environmental characteristics. One such decision is to use tech-
nology for plating the working surfaces with a protective-catalytic nano-layer of metal
catalyzing the gasification reaction for eliminating motor carbon formation[24, 25]. The
elimination of the carbon formation improves the heat transfer through the engine walls,
resulting in the decrease of the formation and, correspondingly, the emission of oxides of
carbon and nitrogen. Specific fuel consumption in the engine, requirements of gasoline
octane level and polycyclic aromatic hydrocarbons emission are also reduced. The use of this
technology is effective for both new and for used engines as well.

Another possible useful tool is the evaluation of the effect of different traffic distribution
on air quality. To obtain the opportunity to regulate and to re-distribute the traffic fluxes, it is
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Table 1: Improving the operational and environmental characteristics of vehicles by the
introduction of the multifunctional fuel (9.25 ppm in gasoline and 27.75 ppm in

diesel fuel).

Characteristics Gasoline engines Diesel engines
Fuel consumption —5%—-12% —4%—1%
Reduction of emission
CcO —15%-30% —15%—-17%
NO, —20%—-26% —20%—-22%
CH —8%—-35% -35%-37%
benzo(a)pyrene and its analogues soot —95%-96% -

- —40-50%
Decrease of requirements to octane number of 6-10 items -
gasoline
Cetane number - +3 items
Vaporization loss of gasoline —15%-20% -

required to consider a model of atmospheric dispersion with the effects of modified traffic
distribution on urban areas air quality, and the consequent advantages in terms of compatibil-
ity. Both the aspects of the real possibility to govern the traffic and of the pre-vision of the air
effects of the modified scenarios are very difficult tasks, but on account of its useful objective
this approach should be considered [26].

In Russia, the significant factor of the engines fuel economy increase, except those men-
tioned above, is the quality improvement of the pavement, the current condition of which, in
the majority of regions, is unsatisfactory.

The previously indicated instruments must be evaluated by considering their effectiveness,
in terms of pollution limitation, as well as the practical applicability, costs, infrastructural
innovations and socio-economic transformations that are required. All these aspects must be
evaluated for a final political choice.

On account of the fact that it is necessary to compare the structural or operating costs with
the benefits in terms of impact reduction, an evaluation of the reduced externalities is very
important.

3 COSTS AND EXTERNALITIES REDUCTION
The adoption of solutions that are able to decrease the impact of automotive transport on air
quality leads necessarily to costs, but at the same time, also to an improvement in the air qual-
ity, and consequently in a reduction of the externalities. A comparison of these two aspects is
an important choice criterion, in order to evaluate the effectiveness of a proposed interven-
tion, and its relevance to the framework of the required activities.
The steps that must be considered in this evaluation are:

e emission evaluation with and without an individuated intervention;
e cost estimation for the adoption of the intervention;
e estimation of the effect on air quality (on the basis of air modelling);
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e estimation of health and environmental effects;
e economic evaluation of the decreased anthropogenic impact;
e final comparison of costs and benefits.

Definition of emissions is the starting point for the estimation of benefit and cost; after-
wards two opposing scenarios must be defined, one with the adoption of a required measure
and the other without (both scenarios must be considered in their dynamic development).

The use of acceptable emission factors for technological aspects or reliable forecasts for
non-structural solutions is a required condition for the individuation of quantitative future
emissions scenarios. This aspect requires careful investigation of each proposed technology,
and a realistic estimation of the possibilities from planning traffic modification.

As an example, Fig. 7 shows an estimation of VOC emission reduction (in comparison with
business-as-usual situation) in the United States with adoption of procedures established
from Clean Air Act (CAAA), for the period 2000-2020, based on the data from [27].

As concerns the costs for implementation of measures, they must be defined in terms of
industrial production, research and development, capital investment, productivity, employ-
ment, consumption of resources and territorial modification. These costs can be estimated
with an approach based on unit costs that can be obtained by collecting information from
intervention operators on the expenditures that are associated with specific control measures.

It is important to note that while process or technological approaches can be quite simply
evaluated in terms of cost, investment for mobility modification, different territorial planning,
interventions on structure and average age of vehicle fleet involves many social and economic
aspects that must be specifically considered.

The procedure useful to determine the modification in air quality as a consequence of an
assumed emission scenario starts from emissive fluxes, is also used to evaluate the benefits in
terms of air quality.

To prevent or to decrease the negative consequences of the vehicles operation, their appro-
priate economical evaluation is needed. As a rule, only the negative effects inflicted by the
toxic substances emissions are taken into account while ignoring the negative environmental
effects of carbon dioxide emissions and the consumption of oxygen during the fuel combus-
tion. Meanwhile, at the present stage, the global reduction of energy resources and the
increase of the anthropogenic GHG emissions in the atmosphere take place. On the other
hand, the amounts of atmospheric oxygen consumption for technogenic purposes signifi-
cantly exceeds its consumption by the respiratory activities of the living inhabitants on the
planet and, in major regional plans, exceeds the volume of oxygen production in these
regions. These negative effects are global in nature and should be considered as a part of com-
mon externalities arising from transport operation [28].

Thus, while economically evaluating the environmental damage to the atmospheric air
caused by motor vehicle operation it is advisable to consider three components: negative
effects of the polluting toxic substances emissions D¢, carbon dioxide emissions DCO , and
atmospheric oxygen consumptlon by the motor vehlcle operation D . Thus, a summary of
the ecological damage D can be evaluated by using the formula (2)

D* =D + D¢, +Dj, (2)

The economic evaluation of the cost of the greenhouse gas emission decrease by 1 ton can
be accepted as a specific damage caused by carbon dioxide emissions, which can be determined
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Figure 7: VOC reductions associated with CAAA compliance by source category.

individually at the state level and at the international level as well, similar to the experience of
the Kyoto Protocol [29]. Environmental damage from oxygen consumption for fuel combus-
tion can be calculated based on the recovery cost of 1 ton of free oxygen, defined as the sum
of the costs of the whole complex of reforestation against the free oxygen produced by the
forests and the actual mass of oxygen consumed during the period under consideration.

A more complete account of the negative externalities increases the decision-making
objectivity in the implementation of environmental protection measures and the require-
ments for compensating the negative environmental impacts by the producers of these
externalities.

The benefits of air quality improvement is chiefly of health, which is evaluated as risk
reduction on the basis of epidemiological studies. In parallel, there is the need to consider the
ecological and welfare benefits arising from increased air quality as well as its effects on
crops and materials.

The comparison between sustained costs and advantages in terms of reduction of exter-
nalities is the final step of the over-indicated procedure, and it establishes an important
evaluation criterion for public authority.

Some further aspects in this comparison must be taken into account, and particularly:

e non-linearity in time of costs that require compensation and reduction of impact phenom-
ena corresponds to the fact that it is necessary to compare the short-, medium- and long-
term perspective; consequently some form of time planning is required;

e the intensity of intervention towards atmospheric emission presents normally a non-linear
influence on costs and advantages;

e the reliability of the comparison is connected from one side to the definition of realistic
indication of costs, and from the other side on the capacity to forecast the influence of
reduced effect of pollution on health and related costs.

4 CONCLUSIONS
The evaluation of emissive fluxes is related, on one side, to emission factors, and, on the other
side, to the traffic fluxes and vehicle fleet, that are dependent on political choices and socio-
economic aspects. The effect of the fluxes on air quality can be determined by using
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well-consolidated model approaches. On the other hand, it should be noted that the formation
of secondary pollutants (fine PM, ozone, toxic organic components) is very difficult for
investigation from the standpoint of chemical kinetics.

The impact of pollution on health is, in general, difficult to estimate due to the complexity
of the human factors involved. It is further complicated by the necessity to distinguish the
responsibility of different sources, very frequently leading to the same atmospheric pollutants.

The evaluation of intervention costs must take into account not only technological aspects,
but also, chiefly, modification of life style, mobility and structured metropolitan areas infra-
structures.

All these aspects contribute to the difficulties of individuation and implementation of the
best choices to satisfy the mobility requirement of modern society and at the same time to
guarantee compatibility.

It is necessary to stimulate the environmental decisions aimed at decreasing the negative
consequences of motor vehicle exploitation, considering the real possibilities of the economy,
climatic peculiarities, and environmental situation on the state level. Some inter-governmental
decisions are also necessary to provide the stable development of transportation in the long-
term future.
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