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Abstract. Problem. The growing propagation of multiple and inconsistent vehicle Access Restriction
Schemes, including Low-Emission Zones, is creating extraordinary fragmentation of the European
continent’s transport infrastructure access rules, where road transport becoming increasingly
expensive, inconvenient, and linked to superfluous barriers, inhibiting economic development and
interregional ties. The abovementioned substantiate a strong need for a unified system of road
vehicles environmental labelling as a crucial element of any Low-Emission Zone regulation
framework as well as environmental marketing and customer decision-making influence in favour of
environmentally-friendly vehicles choice. Goal. The main purpose of the research is to develop a
concept of unified vehicle environmental labelling to combine in a stable system past, current, and
future road vehicle technologies. Methodology. The research method is based on a conceptual
framework regarding road vehicle environmental labelling data structure needed to support
environmental marketing and management of vehicle access to infrastructure in view of an analysis of
positive and negative experience directly in the field, the relevant determinants and driving factors, as
well as other related issues. Results. The research gives systems analysis of worldwide experience in
the field of road vehicles environmental labelling with emphasise on low-emission zones access
differentiation. It is studied many aspects in order to analyse positive and negative experience,
including low emission zones faults or low efficiency in reducing air pollution. Key factors lead to
faults of low-emission zones or its low efficiency in many cases are identified. Originality and
practical value. The proposed concept of unified vehicle environmental labelling not only combine in
a stable system past, current, and future technologies, and not only technologically neutral but also
join on a unified basis, in a unified global system, vehicles developed, approved and produced under
incompatible emission standards in different regions of the world.

Keywords: vehicle environmental labelling, emissions, emissions stickers, low-emission zone
management, transport, vehicle access restriction, wheeled vehicles.

Introduction Governments, thinking about an introduction

Air pollution costing the European economy
between €427 and €790 billion per year [1],
where road transport emissions directly linked to
approximately 40 thousand premature deaths
annually. Road noise and congestion are costing
about €36 and €100 billion damage, respectively
[2].

In efforts to solve the problem, the EU coun-
tries introducing, in particular, vehicle Access
Restriction Schemes (ARS), including Low-
Emission Zones (LEZs).

A crucial component of low-emission zones
management (as well as environmental market-
ing) is road vehicles environmental labelling.
But vehicle environmental labelling and emis-
sions stickers introduced in the European conti-
nent, as well as the regulation in this area, are
highly divergent and inconsistent among differ-
ent countries, and the experience gained is very
ambiguous.

of road vehicles environmental labelling or a
shared national framework to regulate access
restriction schemes, as well as local communi-
ties in willing to introduce LEZ, are faced with a
problem of high uncertainty and many un-
knowns on this way.

The growing propagation of multiple and in-
consistent ARS is creating extraordinary frag-
mentation of the European continent’s transport
infrastructure access rules, where road transport
becoming increasingly expensive, inconvenient,
and linked to superfluous barriers, inhibiting
economic development and interregional ties.

All the above mentioned substantiate a strong
need for a unified system of road vehicles envi-
ronmental labelling as a crucial element of any
LEZ regulation framework as well as environ-
mental marketing and customer decision-making
influence in favour of environmentally-friendly
vehicles choice.
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Literature Review

The LEZs initially was implemented in the
European cities in efforts to comply with the EU
limit values for particulates matter (PM) and
nitrogen dioxides (NO,) [3]. Today, many dif-
ferent and incompatible with each other forms of
ARSs (including LEZSs), are established already
in 24 European countries, and growing further
[4, 5]. Already about 260 European cities have
in operation LEZs with vehicle entry rules dif-
ferentiated on vehicle environment class, age,
type, designation, and others properties [3].

Nevertheless, there is no yet any common
European standard regarding establishing ARS
requirements and even requirements to vehicle
environmental labelling as essential future to
differentiate access to LEZs [6].

Furthermore, a comprehensive overview [7]
of motor vehicles taxes in Europe in other major
markets around the world demonstrates a signif-
icant number of countries that linked the level of
vehicle taxation either directly or indirectly with
their environmental properties and extraordinary
diversity of used approaches in this area.

LEZs can establish permanents, periodic or
condition-dependent (or ‘dynamic change’)
access rules when a level of pollutants are ex-
pected to be high [1, 8].

LEZs can operate via direct access re-
strictions, or road pricing schemes. The last
variant can be used to financially support rele-
vant measures to improve the city’s transport
network, including environmental-friendly al-
ternatives [9].

LEZs are enforced either manually using
windshield stickers as in Berlin, Stuttgart, Paris,
or with camera systems using license plate
recognition as in Amsterdam, Brussels [2].

In general vehicle labelling can be imple-
mented through:

= so-called environmental badges (wind-
shield stickers) with manual control as in Berlin,
Stuttgart, Paris;

= other techniques including Automated
Number Recognition (ANR) systems with rele-
vant databases of vehicles as in Amsterdam,
Brussels;

= radio-frequency identification (RFID) as
an alternative approach giving some prefer-
ences.

The most common exemptions in all the
LEZs are [3]:

= ambulances and other emergency re-
sponse vehicles;

= military vehicles;

= very old vehicles;

= vehicles used for transport of disabled or
sick persons or used by disabled persons.

But in general, various cities demonstrate a
lot of different and sometimes unique exemp-
tions.

While LEZs considered as the primary tool
to overcome local toxic air pollution problem
[10] its actual efficiency is a question. It is vary-
ing in a wide range from a proved significant
reduction of pollution [11-14], moderate [15,
16], to rather a small reduction [3, 17] and up to
no effects being observed [18] due to many rea-
sons.

The LEZs impact on air quality depends on
many factors, including [14]:

= the emissions standards set;

= the LEZ enforcement approach and there-
fore control efficiency;

= types of vehicles affected,;

= the LEZ borders spacing;

= vehicle fleet renewal rules and schemes
including retrofit permission;

= the structure of the vehicle fleet before the
LEZ was implemented;

= the importance of different pollution
sources in that city, and how severe air quality
problems are.

The design is critical for the effectiveness of
LEZ [12].

It can be identified the following hypothesis
of what key factors lead to faults of LEZ or its
low efficiency in many cases:

1) the number one factor is ‘Off-cycle’ emis-
sion. Exactly failed Euro emission standards
have undermined LEZs in the past [3]. Initially
predicted effects of many LEZ schemes were
overestimated since official ‘Euro’ emission
limits do not reflect real-life emission;

2) moreover, the initial environment proper-
ties of vehicles tend to degrade. Old vehicles in
actual operation due to emission control systems
malfunction or degradation can be a source of
enormous emissions. Such vehicles play a deci-
sive role in total emissions of traffic flow even if
they share small. In such a case, any initiatives
to increase the share of clean vehicles, including
pure electric transport, do not have any percep-
tible effect;

3) based on idling tests, current technical in-
spection procedures even prescribed by the lat-
est EU directives 2014/45 and 2014/47 are un-
able to identify a many of emission control sys-
tems malfunctions during actual driving. Fur-
thermore, onboard-diagnostic systems (OBD)
are widely discredited that lead to wide-spread
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non-conformity with the emission standards,
even in the case of relatively new vehicles [19];

4) the rules violations.

The European Commission White Paper
‘Roadmap to a Single European Transport Area
— Towards a competitive and resource-efficient
transport system’ [20] declared the following:
‘Develop a validated framework for urban road
user charging and access restriction schemes and
their applications, including a legal and vali-
dated operational and technical framework cov-
ering vehicle and infrastructure applications’.
Nevertheless, until now, the Commission main-
tains a neutral role with respect for the principle
of subsidiarity, and refrain from promoting spe-
cific traffic management tools, including LEZ
schemes [21, 4].

In [22], it is proposed the following recom-
mendations concerning a national framework:

= developing a system for vehicle require-
ments. For example, developing the sticker sys-
tem as used in Germany and France;

= a common list of exemptions, with a pos-
sibility for some local adaptations;

= ban versus the possibility of paying a
charge;

= jf an Automatic Number Plate Recogni-
tion (ANPR) will be used, prepare the necessary
national databases;

= if retrofitting is allowed, have national
standards of how to classify different retrofitting
technologies;

= national road signs for LEZs;

= define the day charges to enter the zone
and the fines for non-compliance’.

In [21], it is stated that: ‘Any LEZ scheme
implemented needs to have clear and measur-
able objectives, and efficient control and moni-
toring systems. It has to follow the principles of
better regulation, notably simplification, reduc-
tion of administrative burdens and impact as-
sessment, including cost/benefit analysis. This is
not currently the case in most of the cities where
LEZs exist’.

As a result of the increasing prevalence of
traffic restrictions based on wildly divergent and
inconsistent ARS regulations the European con-
tinent going looks like a “patchwork” [3], where
transport becoming increasingly expensive and
inconvenient.

To avoid fragmentation and ensure a seam-
less transport system, there is a need for devel-
oping a unified system of road vehicles envi-
ronmental labelling as a crucial element of any
LEZ framework.

The detailed analysis of different labelling
systems is presented in [23-26] and in many

other sources, including [27] with an attempt to
establish some specific common approaches
regarding LEZ planning and implementation.
And, it can bee seen that the variety and incom-
patibility of different labelling systems are
enormous.

The study [23] gives no empirical evidence
of a substantial effect of ‘the car labelling’ Di-
rective 1999/94/EC on the supply of more effi-
cient vehicles.

[23, 24, 28-33] and many other sources
prove evidence that CO, labelling is not very
efficient measure itself to stimulate the automo-
tive industry to develop and produce much more
energy-efficient vehicles.

[12, 28, 33-35] and many other sources
prove evidence that the automotive environ-
mental labelling influence on consumer behav-
iour and ‘environmentally friendly purchases’ is
quite limited if no strong financial background
involved in a decision-making process.

Generally speaking, the European car label-
ling does not have received wide recognition, do
not reflect the actual properties of vehicles prop-
erly, and do not foster efficient and well-
informed consumer choices [28].

Green marketing in the automotive industry
has analysed in many studies, including [36—43].
These studies confirm the gap between recogni-
tion the consumer awareness on sustainability
issues and enactment of environmentally
friendly consumption [36].

Emissions stickers, as LEZ access control
element, introduced in Germany [44], Austria
[45], France [46], the United Kingdom [47], as
well as in Belgium, Denmark, Italy, Hungary,
Spain, Norway, Sweden [48]. Here the ap-
proaches of labelling are incompatible either in
the fleet environmental differentiation either in
the data presentation form.

Motorway toll is a wide-spread economic in-
strument in European countries [49]. Road
charging and the Eurovignette Directive over-
view is given in [50]. Road charging differentia-
tion regarding road wear intensity and vehicle
environment properties is broadly considered a
reasonable and equitable approach.

Environmental Analysis should be consid-
ered as background for proper vehicle labelling
design. A general concept of an EU type label
which classifies the four major impacts that are
noise, gaseous emissions, fuel consumption and
damage to the infrastructure is proposed in [51].
It is suggested that road usage and track access
charges should be related to the size of their
environmental footprint as classified on its envi-
ronmental label.
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In [52] it is given considerations regarding
eco-labelling is an Environmental Product In-
formation Schemes (EPIS). It is proposed the
term ‘Low or Zero-emission Vehicle’ (LZV) to
define a sufficiently environmentally-friendly
vehicle using firstly two main criteria:

= strict limits for the local pollutants NO,,
volatile organic compounds (VOC) and PM;

= strict limits for CO, emissions, which im-
ply reduced fossil fuel consumption.

Besides, [52] proposed to include in the fu-
ture also:

= strict cold start emission limitations at low
ambient temperatures;

= life cycle perspective on CO, emissions
including production, use and recycling;

= strict vehicle noise emission restrictions.

Is should be noted that the term ‘strict’ is
quite blurred here and requires periodic revision
as technology develops.

[53] gives a set of sustainability goals, objec-
tives and performance indicators that can be
useful for balancing economic, social and envi-
ronmental goals.

The principles of life cycle assessment
(LCA) and environmental economics are used in
[54, 55, 56] and other studies in the field, in-
cluding the ACEEE’s vehicle environmental
rating methodology [57]. For instance, [55] and
other studies argued that EVs total environ-
mental impact is a challenge if considering the
whole life cycle. Nevertheless, LCA is quite
tricky for practical regulation purposes due to
lack of needed data.

Vehicle aggregated environmental ranking
approaches can be considered as a good base for
assessment of the total environmental impact of
road vehicles in a framework for regulation in
the field of atmospheric air protection.

For instance, Toxicity-weighting [58] is used
by Risk-Screening Environmental Indicators
(RSEI) Model by the United States Environ-
mental Protection Agency [59] and a part of
many air pollution indexing systems around the
world [65]. However, there is no standard meth-
odology today is widely recognised yet [60].

An overview of four road vehicle environ-
mental ranking methodologies is given in [61],
covering ‘Greenscore’ in the US, ‘Ecoscore’ in
Belgium, ‘VCD Environmental Car list’ in
Germany, and ‘Australian Green Vehicle
Guide’.

A significant disadvantage of mentioned
methodologies is that the pollutants emissions
effect is attenuated by considering emission
standards™ limit values instead of real emission

values. Furthermore, the pollutants list is too
limited. Weighting by different impact catego-
ries is highly subjective and cannot be consid-
ered as entirely justified.

The differentiation of conditions of access of
vehicles to road infrastructure, aimed at limiting
the use of environmentally ‘dirty’ vehicles, if
being fair and reasonable, should be applied in
proportion to the amount of environmental dam-
age. The development of approaches for as-
sessing such harm and appropriate basis for
labelling of vehicles can be considered as essen-
tial progress in this area.

The widely recognised approach in the field
outlined in [62, 63] where aggregated toxicity
calculated merely as the sum of known pollut-
ants, each multiplied on its relative toxicity co-
efficient corresponds to carbon monoxide as
well-known poison.

Consequently, in [64, 65] it was developed
Environment Zones (EZ) unified classification
and Environment Hazard Level (EHL) unified
classification based on reduced emissions of 64
known pollutants establishing aggregated toxici-
ty road vehicles of different categories.

Aim and objectives of the article
The aim and primary objective of the re-
search are to draw the main contours of a con-
cept of road vehicle unified environmental label-
ling as important part on the way of solution of
the problem of extraordinary fragmentation of
ARS approaches in the European continent,
based on the above-done analysis of the experi-
ence of ARS and LEZ around the world, the

relevant determinants and driving factors.

The Concept of Unified System of Road
Vehicles Environmental Labelling

The specific requirements for vehicles, en-
forcement methods, and even the main goals of
the introduction of LEZ in different cities and
countries may differ significantly based on the
situation with air pollution and the real possibili-
ties to control it, taking into account economic
constraints, the level of income and purchasing
power of the population, social aspects and
many other factors.

General provisions as the basis for the con-
cept of a unified system of road vehicles envi-
ronmental labelling.

Analysis of the experience mentioned above
of vehicle labelling gives grounds to propose the
following general provisions as the basis for the
concept of a unified system of road vehicles
environmental labelling as an instrument for
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environmental management and innovation
management in the field.

A unified system of road vehicles environ-
mental labelling should give local administra-
tions and communities a principal possibility of
flexible choice of a specific level of require-
ments based on a set of standardised solutions
corresponding to the main types of environ-
mental damage from the operation of transport
and the significant environmental properties of
vehicles of various designs.

Assessment of the level of ingredient pollu-
tion of atmospheric air by a vehicle should take
into account both the exhaust gases of the en-
gines and the products of wear of tires, road
surfaces and brakes as well.

It is advisable to introduce a reduced level of
the total toxic effect of a vehicle, not limited to
specific emissions of particulate matter and ni-
trogen oxides.

The level of ingredient pollution of atmos-
pheric air by a vehicle must be dynamic; that is,
it must take into account degradation of emis-
sion control systems during vehicle operation.

The products of tire and road surface wear
are functions of a mass of vehicle, axle load
distribution, as well as its wheel formula. It
should take into account the number of swivel
wheels for multiaxial heavy vehicles and associ-
ated wear rate of pneumatic tires when the vehi-
cle is turning.

A factor of the intensity of road surface wear
should be considered separately, as it plays an
essential role in critical road infrastructure. The
factor of the intensity of road surface wear can
prevail over the factor of ingredient pollution of
atmospheric air when calculating the cost of toll
travel on roads passing far from large settle-
ments.

The assessment of the parametric pollution
level of the vehicle should take into account at
least the external acoustic noise during the
movement.

LEZs should use a unified, flexible labelling
system that is consistent with unified vehicle
labelling regarding the permissible levels of
ingredient and parametric contamination.

The scale and system of gradations of the
permissible level of ingredient and parametric
contamination should cover both vehicles of
various technological levels that are in operation
today, and vehicles that will be put into opera-
tion in the future. At the same time, the size of
the minimum step between neighbouring ‘eco-
logical’ levels should be appropriate from the
point of providing the benefits of cleaner tech-

nologies visible to the consumer. However, its
size should not lead to an excessively large
number of gradations (that is, the total number
of levels used today and which will also be used
in the future for regulatory purposes as technol-
ogy advances).

The initial lack of differentiation of LEZs led
to the need subsequently to introduce zones with
more stringent requirements and a different
name, like ULEZ, or even ZEZ. However, for
example, all-electric vehicles are also significant
sources of wear products. Furthermore, in the
future other technological solutions may turn out
to be comparable to EVs in terms of the reduced
level of damage, even taking into account only
local air pollution during operation.

Therefore, it is evident that a unified differ-
entiation and classification of LEZs according to
the permissible level of ingredient air pollution
is needed, coordinated with a unified system of
environmental labelling of vehicles.

Differentiation of access to road infrastruc-
ture, ideally, should be based solely on the fac-
tors of local damage. That is, it should be deter-
mined by a level of ingredient pollution of the
atmospheric air with toxic products with a pro-
nounced local harmful effect, a level of paramet-
ric pollution (at least, acoustic noise when driv-
ing) and a factor of wear intensity and destruc-
tion of road surface.

The last factor should take into account us-
age of studded tires.

It is necessary to provide a possibility of us-
ing certain incentives for motorists used tires
with relatively low acoustic noise.

In the future, it is also possible to differenti-
ate according to the degree of tire wear and total
toxicity of their wear products, taking into ac-
count materials and production technology.

Energy efficiency or greenhouse gas emis-
sions should ideally not be used directly as a
tool for differentiating access to road infrastruc-
ture. These indicators should be factors that
determine, first of all, the level of taxation of
vehicle purchase and, thus, stimulate the con-
sumer’s choice in favour of more energy-
efficient vehicle options. The level of consumer
costs, in any case, is already directly related to
the level of energy efficiency of the vehicle.

At the same time, their use to differentiate
access to transport infrastructure can be justified
as a tool to reduce the overall level of energy
consumption and greenhouse gas emissions,
with, of course, other alternatives to travel. For
example, the use by a well-to-do category of
people in some cities of heavy ‘prestigious’ off-
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road models of passenger vehicles for moving
short distances within the central part of the city
is hardly an optimal solution for society as a
whole.

An introduction of additional charges for use
in LEZs of extremely heavy passenger cars (i.e.,
that is similar in size to tractors) can to some
extent stimulate their owners to preferentially
use other more environmentally friendly alterna-
tives for travel within the city. Heavier vehicles
not only consume more energy per mileage but
also tend to emit more toxic pollutants in use,
including wear products. Thus, such measures
seem to be quite fair from the point of view of
the implementation of the ‘polluter pays’ princi-
ple.

Environmental labelling applied to vehicles
as stickers should include vehicle-specific iden-
tification in order to reduce the potential for
fraud (the registration number and, besides,
17-digit vehicle identification number (VIN)
also is strongly recommended).

Environmental labelling should also include
a mark about social or another special purpose
of the vehicle, which gives it the right, under
certain conditions, for certain exemptions re-
garding established rules, including access rights
and preferential terms of payment for road infra-
structure use.

Following the experience accumulated in dif-
ferent cities, taking into account social aspects,
it is necessary to develop a unified system of
marks on the purpose of vehicle. In should pro-
vide local administrations and communities
flexibly approach for management of access to
LEZs, taking into account both public consensus
and the need to limit a share of ‘privileged’ ve-
hicles in order to achieve primary goals.

Such a unified marking system should in-
clude standard designations for at least such
vehicles (examples of possible designations are
given in quotation marks):

= “A”—ambulance vehicles;

= “ERV” — emergency response Vvehicles
(fire trucks, emergency vehicles of gas services,
and so on);

= “P” —police vehicles;

= “SV” —special utility vehicles of commu-
nal service;

= “CV” — construction vehicles;

= “WM” — work machines;

= “DP” - vehicles regularly used by persons
with disabilities or for their transportation;

= “L” — wvehicles used by individuals or
families with low income;

= “NS” — vehicles of non-profit organisa-
tions that perform essential social functions;

= “D” - diplomatic vehicles;

= “MIL” — military vehicles;

= “S” —sports vehicles;

= “RV”—rare veteran vehicles.

Above mentioned list of designations is not a
list of vehicles exempted from the regulation.
Local authorities should have rights to establish
definite rules for access, including possible spe-
cial rules and exemptions for mentioned above
vehicles. Nevertheless, it should be established
common exemptions covering at least ambu-
lance vehicles and other emergency response
vehicles.

This concept of a unified system of road ve-
hicles environmental labelling defines some
principles of labelling the level of environmental
hazards, energy efficiency indicators, specific
emissions of carbon dioxide and other signifi-
cant environmental properties of wheeled vehi-
cles during their operation in order to implement
the regulation in this area through incentives and
other measures to acquire and use environmen-
tally friendly and energy-efficient vehicles, re-
duction of air pollution and in general the harm-
ful effects of transport on the environment and
human beings, reduction of specific consump-
tion of fuel and energy resources by transport
and its negative impact on climate change.

Terms and Definitions

In this concept, the proposed terms are used
in the following meaning:

1) current Environmental Hazard Level
(EHL) of ingredient pollution of a wheeled ve-
hicle is a conditional average level of main
negative impact on the environment during the
operation of a wheeled vehicle due to emissions
of significant pollutants into the atmosphere,
aggregated to carbon monoxide as a reduced
indicator, based on their relative toxicity, taking
into account age of vehicle and a corresponding
degradation of its environmental properties;

2) indicators of energy efficiency of wheeled
vehicles is a system of indicators that together
characterise the efficiency of energy use of
wheeled vehicles in different operating condi-
tions, and is the basis for comparing vehicles,
appropriate consumer information, informed
choice of vehicles and implementation of incen-
tives and use of the most energy-efficient vehi-
cles under the prevailing conditions of their
operation;

3) emissions of carbon dioxide by a wheeled
vehicle is average emissions under typical oper-
ating conditions that characterise the design of
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the vehicle as a whole or its heat engine (internal
combustion engine);

4) environmental labelling of wheeled vehi-
cles is a system of measures using special labels
and other means of labelling, electronic chips,
electronic databases and other means of deter-
mining, creating, storing, transmitting, display-
ing and using the information on the essential
environmental properties of a wheeled vehicle,
as bases for the regulation of its access to the
market and infrastructure, cost of the use of road
infrastructure, including in LEZs;

5) the essential in-use environmental proper-
ties of a wheeled vehicle include:

= current environmental hazard level (EHL)
of ingredient contamination;

= type of motor fuel or another energy
source;

= propulsion type;

= energy efficiency indicators;

= average specific emissions of carbon di-
oxide;

= the level of acoustic noise (sound pres-
sure) when driving a vehicle;

= factors of intensity of road wear and for-
mation of wear products of pneumatic tires and
road surface, taking into account the total struc-
tural weight of vehicle, maximum load on one
axle, the wheel formula taking into account
swivel wheels, and other essential design pa-
rameters.

6) environmentally friendly wheeled vehicle
is a vehicle whose environmental hazard level of
ingredient contamination in-use corresponds to a
certain minimum of technically achievable and
economically acceptable values in comparison
with other vehicles on the market, in accordance
with the current level of science, technology and
engineering, or meets the most stringent (high),
current at the time of assessment, international
standards (technical regulations) for emissions
of toxic pollutants, taking into account the type
of energy (fuel) used by it;

7) energy-efficient wheeled vehicles - a vehi-
cle whose energy efficiency indicators in opera-
tion correspond to a set of technically achievable
and economically acceptable values in compari-
son with other vehicles on the market, in accor-
dance with the current level of development of
science, technology and technology, or which
meets the most stringent, current at the time of
assessment, international standards (technical
regulations) for energy efficiency or specific
emissions of carbon dioxide, taking into account
the type of energy (fuel) used by it;

8) environmental zones are zones of regu-
lated use of road and other infrastructure, a des-
ignation of which and other means of access
control and payment for use are coordinated
with the system of environmental labelling of
wheeled vehicles and differentiated according to
their essential ecological properties;

9) the principle ‘polluter pays’ is the princi-
ple according to which the costs of society asso-
ciated with measures to prevent, control and
reduce pollution, reimbursed by the polluter;

10) the essential environmental properties of
a wheeled vehicle at the stages of its production
and disposal include data on:

= total energy consumption and greenhouse
gas emissions, emissions of toxic substances
generated during the production and subsequent
disposal of the vehicle, its spare parts and oper-
ating materials;

= availability of affordable technologies and
degree of recycling of construction materials;

= hazards of wastes generated during vehi-
cle disposal and availability of ffordable tech-
nologies for safe handling and disposal of such
wastes;

11) database of a life cycle of wheeled vehi-
cles is a database containing specified informa-
tion concerning a life cycle of wheeled vehicles
registered in the country or being in-use.
It should contain, in particular, available struc-
tured data regarding:

= vehicle production;

= significant design features;

= conformity assessment;

= first access to the operation, license plate;

= a period of operation including related
events;

= results of periodic technical inspection;

* maintenance and repair, restoration, re-
placement of structural elements subject to peri-
odic replacement;

= changes in design (re-equipment);

= significant environmental properties as
dynamic features;

= subsequent utilisation, decommissioning
and reuse of construction materials and vehicle
components.

The regulation should extend to the labelling
of essential environmental properties of wheeled
vehicles at least under the following commodity
codes of the harmonised tariff schedule:

= 8701 20 — ‘Road tractors for semi-
trailers’;

= 8702 — ‘Motor vehicles for the transport
of ten or more persons, including the driver’;
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= 8703 — ‘Motor cars and other motor vehi-
cles principally designed for the transport of
persons (other than those of heading 8702), in-
cluding station wagons and racing cars’;

= 8704 — ‘Motor vehicles for the transport
of goods’;

= 8705 — ‘Special purpose motor vehicles,
other than those principally designed for the
transport of persons or goods (for example,
wreckers, mobile cranes, fire fighting vehicles,
concrete mixers, road sweepers, spraying vehi-
cles, mobile workshops, mobile radiological
units)’;

= 8711 — ‘Motorcycles (including mopeds)
and cycles fitted with an auxiliary motor, with or
without side-cars; side-cars’.

State regulation in the field of essential en-
vironmental properties and environmentally
friendly use of wheeled vehicles:

1) state regulation in the field of essential en-
vironmental properties of wheeled vehicles is
carried out to:

= protect the lives, health and interests of
citizens and the state by introducing incentives
and other measures for the acquisition and
dominant use of environmentally friendly and
energy-efficient vehicles, reducing air pollution
and another harmful impact of transport on the
environment and human;

= reducing the specific consumption of fuel
and energy resources by transport and its nega-
tive impact on climate change;

2) the state shall regulate the essential eco-
logical properties of wheeled vehicles during
their commissioning and in the whole fleet of
wheeled vehicles in operation on the territory, as
well as environmentally friendly use of wheeled
vehicles, by, in particular:

1) establishment of mandatory and progres-
sive environmental requirements (emission
standards), in particular, defined by international
technical regulations, for wheeled vehicles en-
tering the market for the first time for free circu-
lation;

2) determination and labelling of:

= current environmental hazard level (EHL)
concerning ingredient contamination of air;

= energy efficiency indicators;

= specific emissions of carbon dioxide;

= gcoustic noise;

= factors of intensity of road wear and for-
mation of wear products;

= and other determined significant envi-
ronmental properties of wheeled vehicles;

3) bringing to consumers environmental haz-
ard level, energy efficiency indicators, specific
emissions of carbon dioxide, acoustic noise,

factors of intensity of road wear and formation
of wear products, and other determined signifi-
cant environmental properties of wheeled vehi-
cles offered on the market, to make an informed
and reasonable choice in favour of environmen-
tally friendly and energy-efficient wheeled vehi-
cle designs, taking into account the adopted and
prospective fiscal and other measures to stimu-
late, in particular, the advantages in the use of
such vehicles of infrastructure facilities, includ-
ing the advantages in terms of access to envi-
ronmental zones, parking lots and other facili-
ties;

4) establishment of a progressive system of
taxation of purchase of wheeled vehicles, which
will stimulate the accelerated and economically
feasible renewal of fleet for environmentally
friendly and energy-efficient constructions of
wheeled vehicles, based on their essential envi-
ronmental properties;

5) introduction of the ‘polluter pays’ princi-
ple, by, in particular, introduction of environ-
mental zones of regulated access and payment
for the use of road and other infrastructure, dif-
ferentiated depending on the essential environ-
mental properties of wheeled vehicles;

6) targeted use of financial resources col-
lected through payment for access to environ-
mental zones and use of toll roads and other
infrastructure, payment of fines for violation of
established requirements for environmental la-
belling, payment and conditions of access to
environmental zones and other toll infrastruc-
ture, exclusively to finance measures to preven-
tion, control and reduction of environmental
pollution by wheeled vehicles, reduction of
transport consumption of fuel and energy re-
sources, including the development of environ-
mentally friendly, safe, convenient and comfort-
able public transport as an attractive alternative
to private transport, development and mainte-
nance of road infrastructure, and other measures
aimed at sustainable development of road trans-
port;

7) use of environmental hazard level and other
identified significant environmental properties of
wheeled vehicles, as advantages during tenders
for the supply of vehicles and tenders for trans-
portation, depending on the conditions of trans-
portation and the corresponding importance of
individual environmental properties of vehicles;

8) implementation of measures to maintain
the environmental properties of the vehicle laid
down by the manufacturer during the entire pe-
riod of its operation;

9) introduction of progressive, following the
development of equipment, technologies and
measures:
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a) periodic technical control of wheeled ve-
hicles for operation with the determination of
the efficiency of the main structural elements
responsible for the control of emissions of pol-
lutants into the atmosphere and acoustic noise
level (sound pressure);

b) selective roadside instrumental control of
pollutants emissions and acoustic noise level;

10) stimulation of economic and rational use
of fuel and energy resources by wheeled vehi-
cles in operation by business entities, organisa-
tions and institutions;

11) establishing liability for violation of de-
fined rules of environmental labelling of
wheeled vehicles, their admission to infrastruc-
ture facilities and payment for the use of infra-
structure facilities, and use of vehicles that do
not meet the established requirements for suit-
ability for operation;

12) establishing a progressive system of taxa-
tion of fuel and energy resources used by
wheeled vehicles.

The last should:

= stimulate reduction of air pollution by
conscious choice of consumers in favour of ve-
hicles using more environmentally friendly en-
ergy sources, taking into account existing tech-
nologies;

= help to optimise (balance) the structure of
consumption of different types of energy by a
whole fleet of wheeled vehicles.

Environmental labelling of wheeled vehicles
during the first registration

The first registration of vehicles is carried
out under the condition of definition and mark-
ing of all in-use essential environmental proper-
ties of the wheeled vehicle:

= current environmental hazard level (EHL)
of ingredient contamination;

= type of motor fuel or another energy
source;

= propulsion type;

= energy efficiency indicators;

= average specific emissions of carbon di-
oxide;

= the level of acoustic noise (sound pres-
sure) when driving a vehicle;

= factors of intensity of road wear and for-
mation of wear products of pneumatic tires and
road surface, taking into account the total struc-
tural weight of vehicle, maximum load on one
axle, the wheel formula taking into account
swivel wheels, and other essential design pa-
rameters.

Environmental labelling of wheeled vehicles
already being in operation

Labelling of wheeled vehicles in operation
shall be carried out on an obligatory basis, in

particular, during the periodic inspection or
maintenance, repair of the wheeled vehicle,
following the above mentioned essential envi-
ronmental properties, but excluding labelling of
energy efficiency and average specific carbon
dioxide emissions. The last shall be carried out
voluntarily, in particular, where relevant data are
available in a national database of a life cycle of
wheeled vehicles. It should be provided default
(as the first approach) values of essential envi-
ronmental properties based on known parame-
ters of vehicle design.

Environmental labelling of transit or tem-
porarily imported wheeled vehicles

Labelling of transit or temporarily imported
wheeled vehicles shall be carried out on an
obligatory basis using a simplified approach
based on default (as the first approach) values of
essential environmental properties. In the case of
a need to obtain exact preferences regarding
access and cost of use of infrastructure, their
owners can obtain exact values of essential envi-
ronmental properties in a prescribed procedure
based on available and proved data.

Forms of environment labelling

Forms (design) of environment labelling, in-
dicators and methods for determining the essen-
tial environmental properties of wheeled vehi-
cles are going far beyond a single publication
and will be highlighted in other ones.

As an example, in Table 1, Table 2, and Ta-
ble 3 is shown developed in [64, 65] Environ-
ment Zones (EZ) unified classification and En-
vironment Hazard Level (EHL) unified classifi-
cation based on reduced emissions of 64 known
pollutants establishing aggregated toxicity of
respectively petrol-powered and diesel-powered
passenger cars (PC), light commercial vehicles
(LDV), and heavy-duty vehicles (HDV).
The numbers in cells of the tables are a vehicle
age range corresponds with designated EHL.

This EZ and EHL unified classification was
developed on the base of the above-presented
concept.

Electric vehicles (EVs) here lay down in
class 0, and class 1 of EHL corresponds respec-
tively to 5 and 6 g/km for PCs and LDVs and 5
and 6 g/tkm for HDVs of reduced emissions of
various wear products.

The same default values to be developed for
other categories of vehicles powered by liquified
petroleum gas (LPG), compressed of liquified
natural gas (CNG or LNG), blended fuels (bio-
ethanol/gasoline blends and biodiesel/diesel
blends) and including vehicles certified in ac-
cordance to non-European emission standards,
including the United States automotive emission
standards as well.
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Table 1 — Default values of dynamic Environment Hazard Level (EHL) of petrol-powered passen-
ger cars and light commercial vehicles of different Euro classes and ages in view of Environment

Zones unified classification
Petrol powered Passenger Cars (PC) and Light Commercial Vehicles (LCV)
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Table 2 — Default values of dynamic Environment Hazard Level (EHL) of diesel-powered passen-
ger cars and light commercial vehicles of different Euro classes and ages in view of Environment

Zones unified classification
Diesel powered Passenger Cars (PC) and Light Commercial Vehicles (LCV) !
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Table 3 — Default values of dynamic Environment Hazard Level (EHL) of diesel-powered heavy-

duty vehicles of different Euro classes and ages in view of Environment Zones unified classification
Heavy-Duty Vehicles (HDV)
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In such a way, environmental zones (EZs)
road signs and vehicles environmental labelling
stickers will have the same system of numbering
and similar design, including a colour represent-
ing EZ and vehicle emission minimal require-
ment stringency.

The number | EZ can be divided into two
levels in the future if it will be necessary to dis-
tinguish battery-powered EVs from ultra-low
emission future vehicles with improved internal
combustion engines or maybe other propulsion
technologies.

Presented dynamic default EHLs are a sub-
ject for revision during a vehicle periodical
technical inspection or selective roadside in-
strumental control of emissions. Technically
defective vehicles should be assigned a worse
EHL via a prescribed procedure to reflect higher
emissions in order to restrict its access to popu-
lated areas.

A vehicle manufacturer should have a right
to determine, establish and prove another degree
of vehicle environmental properties degradation
intensity if being based on an appropriate pro-
gram of in-use emission control and evidence of
sufficiently effective treatment of fleet. It can be
considered as a powerful incentive for activities
to maintain vehicle emissions under prescribed
limits during the whole time of life, not only
during the type approval process.

Conclusions

The proposed concept of unified vehicle en-
vironmental labelling not only combine in a
stable system past, current, and future technolo-
gies, and not only technologically neutral but
also join on a unified basis, in a unified global
system, vehicles developed, approved and pro-
duced under incompatible emission standards
[66, 67] in different regions of the world.

Prospects for further research should include
development first of all such technically sophis-
ticated parts as:

= default values of dynamic environment
hazard level (EHL) system covering all types of
road vehicles and motor fuels;

= a system of energy efficiency indicators
altogether representing more closely actual en-
ergy consumption in various concrete conditions
of driving, in contrast, to test results in unified
driving cycles;

= a system of acoustic noise (sound pres-
sure) classification as a useful option of access
differentiation base;

= a system of factors of intensity of road
wear and formation of wear products of pneu-
matic tires and road surface;

= relevant national electronic databases and
technical means of control.

Then it should be developed standards re-
garding at least environmental zones regulation
unified framework, including vehicle labelling
(both for marketing purposes in sale points and
onboard stickers design) and road signs data
presentation forms relevant to the concept.
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Konuenuisi yHidikoBaHoi cucTeMu eKoJI0TriYHOTO
MAapPKYBaHHS A0POKHIX TPAHCHOPTHHUX 3ac00iB
Anomauin. Po3nogcrodocenns pisHOMAnimHux ma
HeCyMICHUX cxem 0OMedcenHs 00Cmyny mpaHcnopm-
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HUX 3ac0018, 30KpeMa 301 3 HU3bKUM PIGHEM BUKUOIS,
WO NOCMIUHO 30IIbULYEMBCS, CMBOPIOE HAO3GUUALUHY
@pasmenmayiro npasui 0ocmyny 00 MpaHCnOPMHOL
iHghpacmpykmypu €8ponelicbko20 KOHMUHEHMY, O0e
A6MOMOOGIIbHUTL MPAHCNOPM CMAE 00POHCUUM, He-
3PYYHUM MA MAKUM, WO CMeopioc 3auei bap'epu,
nepewKo0dNcaloylt eKOHOMIYHOMY pPO38UMKY ma Mi-
JcpezionanbHuM 36 'a3kam. Buwesaznauene susnavac
2ocmpy nompeby 8 YHihikosamiil cucmemi exono2iy-
HO20 MAPKYB8AHHS OOPOIHCHIX MPAHCHOPMHUX 3AC00i8
AK  BUPIWATBHO20 ellemeHmy OyOb-aKoi cucmemu
De2Y08aAHHs 30H 3 HU3LKUM Di6HeM BUKUOi8, a ma-
KOJIC eKOJI02IUH020 MapKemuHay ma 6nauey Ha npu-
UMMM piuleHb CRONCUBAYAMU HA KOPUCMb 8UOODY
€KONOIUHO  CRPUSIMAUSUX MPAHCHOPIMHUX 30C00I8.
OcHOBHOWO Memol0  00CHI0NCEHH € PO3POOIeHHs
KOHYenyii YHIQ)iK0BAHO20 eKON02IMHO20 MAPK)YEAHHS.
MPAHCNOPMHUX 3aC0016 OJ11 NOEOHAHHS 8 CIMAOLILHIN
cucmemi MUHYIUX, CYYACHUX MA MAUOYMHIX MeXHO-
JI02itl  OOPOJICHIX MPAHCNOPMHUX 3ac0o0ie. Memoo
docniodceHHs: 6a3YeEMbCsL HA KOHYENmyaibHili OCHO8I
w000 CMpPYKmypu OQHUX eKONO2IYHO20 MApPKYBAHHS
OOPOJICHIX MPAHCNOPMHUX 3AC00i8, HEOOXIOHUX O
3a0e3neueHHsl eKoI02IUH020 MAPKemuHey ma ynpae-
JUHHSL 0OCMYROM MPAHCNOPMHUX 3ac00i6 00 inppa-
CMpPYKmMypu 6i0n06iOHO 00 aHANi3y NOZUMUEHO20 MA
He2amueHo20 00C8idy 6e3nocepednvbo 8 yiil cepi,
BIONOGIOHUX OemepMIHaHm ma PyWitHux Gakmopis,
a makooic numans. Jocniodxcenns UsHa4ac cucmem-
HULL QHALi3 C8IM06020 00CEI0Y ¥ cqhepi eKonociuH020
MApKY8aAHHS OOPON’CHIX MPAHCHOPMHUX 3aC00i8 3
axkyeHmom Ha ougepenyiayii docmyny 0o 30H 3 Hu-
3bKUM pigHem 8ukudis. JJocniodceno Oekinvka acne-
KMi8 3 Memor aHaiizy No3UmMueHO20 ma HecamueHo-
20 00c8i0y, 30Kpema OUCKPeOUmo8aHux 30H 3 HU3b-
KUM pIBHeM GUKUOIE AO0 30H 3 HU3LKOIO eQeKmueHi-
CMI0 w000 3MeHuenHs 3a0pyOHents nogimps. loen-
MupiKosani KMo4osi Gakmopu, wo npussoosms 00
He80au 3anpo8aoNCeH sl 30H 3 HUSLKUM PIGHeM GUKU-
0i8 abo ixuboi HU3LKOI epexmuenocmi. 3anponoHo-
6aHA KOHYeNnyisi YHIQIKOBAHO20 eKOJI02IUH020 MAPKY-
8AHHS MPAHCNOPMHUX 3AC00I8 He MilbKU NOEOHYE 6
cmaoinvuil cucmemi KOIUWHI, HUHIWHI ma mauoym-
HI MEeXHONO2I | He MINbKU € MEeXHON02IUHO Heumpa-
JIbHOI0, ane Ul 00'€OHye HA €OUHINl OCHOBI, 8 EOUHY
2100anbHy cucmemy MpAancnopmHi 3acodu, po3poo-
JIeHI, 3ameepOdCceHi ma 6UpoOieHl 34 HeCyMICHUMU

EKOJI02IUHUMU CMAHOAPMAami, Wo BRPOBAOICEeH] 8
PI3HUX pe2ioHax ceimy.

Kniouoei cnoea: eKkoJloziune MapKy8aHHs
MPAHCNOPMHUX 3aC0016, GUKUOU 3a0PYOHIOBAILHUX
PEeYosuH,  eKono2iuMi  MapKepu,  HABKOIUWHE
cepedosuuje, YNpasninHs  30HAMU 3  HUSLKUMU
BUKUOAMU,  MPAHCNOPM,  0OMEJICEeHH — OOCMYny
MPAHCNOPMHUX ~ 3Ac00i8,  KONICHI ~ MPAHCHOPMHI
3acobu.

Kanmenko Ogexciit Aﬂupiﬁoanl, KaHIUOAT TEX-
HiyHHX Hayk, nouent, aklimenko.insat@gmail.com,
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Konuenuust YHU(DHUIHMPOBAHHOI CHCTEMBI
IKOJIOTHYECKON MApPKHPOBKHM  TPAHCIOPTHBIX
CpeacTB

Annomayusn. [lenvio uccredosanus s611emcs pas-
pabomka KoHyenyuu YHUGUUUPOBAHHOU IKOL02UYe-
CKOU MAPKUpOGKU MPAHCHOPMHBIX CPeOCm8  Oisi
00vbeOuUHeHUss 8 CMAOUTLHOU CUcHeMe NPOULTbIX,
COBPEMEHHbIX U OVOYWUX MeXHOL02ULl OOPOIHCHBIX
mpancnopmuuvix cpeocms. Ilpeonoosicennas Konyen-
yusi YHUQGUYUPOBAHHOU IKOIOSUYECKOU MAPKUPOBKU
MPAHCNOPMHBIX CPeOCmE He MONbKO codemaem 6
CcmabuIbHOU cucmeme npouLivle, HolHeutnue u 6yoy-
wue MmexHono2UU, SIGIAEMCsi He MOAbKO MEXHON02U-
YecKu Heumpanvbhol, HO U 00beduHsiem Ha eouHou
OCHOBe U 8 eOUHYIO 2NI0OANBHYIO CUCTEMY MPAHC-
nopmusle cpedcmed, paspadomaruvie, YmeepiuHcoeH-
Hble U NPOU3BeOeHHble 6 COOMEEMCMEUU C HEeCo-
BMECMUMBIMU IKOIOSUYECKUMU CMAHOAPMAMU, GHe-
OPEHHBIMU 8 PAZTUUHBIX PESUOHAX MUPA.

Knioueevle cnoea: oxonocuueckas MapKuposka
MPAHCNOPMHBIX CPEOCMS, BbIOPOCHI 3A2PAIHAIOUSUX
seujecme, IKONOZUUECKUE MAPKEPbl, OKPYICAIOUdsL
cpeoda, ynpasienue 30HaAMU C HUSKUMU 6blOpOCAMUL,
mpaucnopm, ozpanuderue 00Cmynd mpaHcnopmHuix
cpedcmas, KojecHble mpanHCRopmHuble Cpeocmada.
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