
TEKA Kom. Mot. Energ. Roln. – OL PAN, 2011, 11, 457–466

THE PROPOSED METHODOLOGY FOR ANALYSIS  
OF ECOLOGICAL PROBLEMS CONCERNING  

THE TECHNICAL INFRASTRUCTURE  
OF MOTOR TRANSPORT

Edyta Zielińska, Kazimierz Lejda*

* Rzeszów University of Technology, the Faculty of Mechanical Engineering and Aeronautics

Summary.�The most crucial threats found in facilities of the technical infrastructure of motor transport have 
been presented in the article. There are also issues concerning modelling an ecological strategy using a taxo-
nomic method for the technical infrastructure as well as applied methods and techniques selected depending on 
particular problems and chosen objectives. The article describes criteria and basic assumptions of the taxonomic 
method as well as its application to assess ecological issues.
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INTRODUCTION

Nowadays motor transport plays a very important role in shaping the world’s economy. It 
gives an easy access to modern products and technologies on all continents, thus improving ef-
fectiveness of each country’s functioning [11]. However, the share of the individual regions of the 
world in the international trade traffic and the industrial cooperation is dependent on the technical 
condition of basic elements of motor transport, i.e. transport means and their infrastructure.

To keep transport means in a suitable technical condition, an adequate technical infrastructure 
of motor transport is required, equipped with specialty tools and diagnostic devices. The service and 
repair operations performed for internal combustion transport means in the technical infrastructure 
affect the proper operation of vehicles, but also generate pollution, which has a negative effect on 
the natural environment [3,14].

The ecological aspect of the subject matter is really crucial; sadly, the analysis of the actual 
status confirms that these issues are paid little attention to in technical infrastructures of motor 
transport. The problem related to the protection of environment is located at the bottom of the 
priority list for technical infrastructures. The economic effect from selling services, supported by 
expenditures on the marketing sphere and focused on maximisation of profits is still of the dominant 
significance [17]. The situation in the technical infrastructure can only be improved by appropriate 
normalisations and legal regulations, which are in force in the EU and which Poland will have to 
conform to as well.
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ECOLOGICAL THREATS CONCERNING  
THE TECHNICAL INFRASTRUCTURE OF MOTOR TRANSPORT

The dynamic development of motor transport has had an adverse influence on the natural 
environment in recent years, because it has contributed to deterioration of conditions for living, 
working and relaxing as well as to the generation of important ecological problems of global range, 
i.e. acid rains, pollution of water and global warming [1,4]. The influence of motor transport on 
the environment may have a socio-economical character connected with the economic growth of 
individual regions, as well as a physical one, connected with multiple serious threats. The most 
important dangers are [20]:

• air pollution with toxic components of exhaust fumes,
• atmosphere pollution with used tyres and road surface products as well as dusts emerging 

from utilization of clutch and brake linings,
• a toxic influence of engine fuels during transport, distribution, storage and operation in 

motor vehicles,
• pollution of soil and water with washing and maintenance agents for a car body,
• a danger of leakages of fuels, oils and operating fluids,
• a noise and a road surface vibration danger caused by movement of vehicles,
• pollution of the natural environment caused by the recycling of retired vehicles and fre-

quent replacing of spare parts (gaskets, filter cartridges etc.)
The pollutants from exhaust fumes of motor vehicles are the greatest burden for the atmo-

sphere, due to the effect of combustion of various kinds of fuels containing many toxic compounds 
[15]. Pollutants generated in technical infrastructures of motor transport, which are the key ele-
ments in the system for proper operation of vehicles, also have a negative influence on the natural 
environment. The wide range of services of the technical infrastructure which cause pollution are 
warranty, periodic and according to a client’s requirements inspections, comprehensive or selective 
diagnostics of functional blocks, periodic technical inspections, routine or accident repairs, sale or 
rent of vehicles as well as possible collecting of retired vehicles for recycling [5,6,10].

A technical infrastructure of motor transport functioning within a network structure of a given 
automotive consortium or a trade and service organisation is characterized by an established speci-
ficity imposed by the administration of these companies, resulting from the accepted concept for 
management. However, all these companies share similar ecological problems. The most crucial 
ecological threats concerning the technical infrastructure of motor transport are as follows [19]:

• air pollution with exhaust fumes in places for servicing or repairing vehicles (operating 
engines),

• noise emission in aforementioned places (operating engines),
• management and possible recycling of operating fluids (motor oil, gear oils, brake and 

power steering oils, brake fluid, cooling fluids, AC fluids etc.),
• management of used and replaced units, subsets and elements (steel elements, non-iron 

metals, polymers, rubber elements etc.) during inspections or repairs, 
• protection of the environment against harmful influence of disposal sites for used vehicles 

designated for recycling.
The issue of environment protection, as one of basic factors for development of motor trans-

port, goes unnoticed by an individual user or owner of a vehicle. The primary values for an indi-
vidual owner of a motor vehicle resulting from marketing research, have been specified in Fig.1

Protection of the environment against the effects of development of motor transport gains 
a priority only in the social context, which includes the following actions [7,12]:
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• protecting the environment against the effects of production and operation of vehicles, as 
well as the influence of the technical infrastructure of motor transport,

• reducing material and energy consumption as well as costs of production and operation 
of vehicles,

• increasing reliability and durability of vehicles,
• reducing material, energy and recycling costs of retired vehicles.
The influence of the aforementioned factors on the state of environment is not always directly 

visible. Their mutual relations are very complex, and environment is affected by many subjects, 
directly or indirectly, independently or dependently on each other. Durability and reliability of motor 
vehicles have a clear influence on the environment as well, because these qualities, among other 
things, cause reduction in the quantity of waste products from operation of vehicles. The material 
and energy consumption of production and operation processes also have a measurable influence 
on the environment, as well as the way of management of retired vehicles. The influence of costs 
of these processes on the environment is the least visible, however, it is to be remembered that pro-
ecological actions are very expensive and the balance of finances is subjected to the same economic 
regulations in every social structure.

 

PRIMARY VALUES 

Satisfaction of  
a vehicle's owner Buying and 

operational costs 

Usage safety 

Reliability and 
durability 

Low fuel consumption 

low operational 
materials 

consumption (oils, 
operating fluids) 

Fig. 1. Primary values for an owner of a motor vehicle

MODELLING LOGISTIC PROCESSES  
IN THE TECHNICAL INFRASTRUCTURE OF MOTOR TRANSPORT

Planning and controlling a logistic process in the technical infrastructure of motor transport 
requires a proper construction of its model. It should enable coordination between organisational 
units of every activity, tracking the process realisation time, the analysis of costs, the assessment of 
involvement and responsibility of individual units, relations between them, material goods move-
ment, information flow, payments etc.

Different methods and techniques can be used to model logistic processes in the technical 
infrastructure of motor transport, chosen depending on particular problems and objectives. A model 
based on a taxonomic method can be employed to realize the established goals connected with the 
issue of the environment protection [2,8]. The choice of this method is appropriate mainly because 
the parameters which appear in the descriptions of technological issues and are expressed in differ-
ent measurement units can be normalized receiving dimensionless values. The taxonomic method 
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enables the dendritic arrangement, which mirrors the location of a given technology better within 
a multidimensional space of parameters, so it is more transparent than optimisation methods. Gener-
ally, the taxonomic method is employed in natural science to good effect. In technical applications, 
projects which grasp comprehensively the issues of using taxonomic methods appear very rarely 
[9]. Using this method to develop a logistic system with an ecological aspect in mind, establishes 
a new quality for technical applications.

Methodology�and�the�range�of�studies

To assess pro-ecological actions in progress in the technical infrastructure of motor trans-
port, 15 companies have been chosen including car showrooms, fuel and repair stations, specialist 
car garages, depots, municipal and intercity transport, transport and spedition companies etc. The 
acquisition of the information regarding the selected parameters of a pro-ecological assessment 
(Table 1) has run into serious difficulties in some companies, due to the lack of properly kept 
documentation, treatment of waste as a total without selection with regard to the type, competence 
of employees responsible for this issue etc. Repeatedly, the information has been acquired from 
the additional analyses of statistical data relative to the quantity of performed inspections, repairs 
and other services within specified time [16].

Table 1. The parameters for a pro-ecological assessment of the technical  
infrastructure of motor transport selected for analysis

No. PARAMETER 
SYMBOL PARAMETER TYPE MEASUREMENT 

UNIT

1 P1 Emission of volatile components from exhaust fumes (CO, 
HC, NOx) to atmosphere [kg/year]

2 P2 Emission of carbon dioxide (CO2) to atmosphere [kg/year]

3 P3 Used tyres and rubber elements waste [kg/year]

4 P4 Select plastics waste [kg/year]

5 P5 Select non-iron metals waste [kg/year]

6 P6 Iron metals waste [kg/year]

7 P7 Select glass and ceramics waste [kg/year]

8 P8 Select lubricant waste (motor and gear oils) [dm3/year]

9 P9 Other select operating fluids (cooling, brake, wiper and AC 
fluids) [dm3/year]

10 P10 Asbestos brake and clutch linings [kg/year]

11 P11 Lead and NiCad batteries [kg/year]

12 P12 Paint and lacquer waste removed during lacquering [kg/year]

13 P13 Total quantity of material waste [kg/year]

14 P14 Overall “quality” of generated waste [0-1]*
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15 P15 Emission of noise to surroundings (on average) [dB]

16 P16 Level of pro-ecological investments per year [thousands/PLN]

17 P17 Employment at jobs connected with ecological activities [quantity of people]

18 P18 Level of employees’ training in an ecological aspect [0-1]**

19 P19 Implementation of management logistics system in an ecologi-
cal aspect [0-1]***

20 P20 Monitoring system and procedures for studies on threats to 
environment [0-1]****

21 P21 Energy demand with reference to pro-ecological works (on 
average) [kWh/month]

*0 - lowest, 1- highest; ** 0 - lowest, 1 - highest; *** 0 - lack of system, 1 - system implemented; **** 
0 – lack of system, 1 - existing system

In the chronological order, the study methodology has included the following scope of tasks 
[18]:

• establishing and acquiring the cooperation of transport companies,
• analysing the kinds of services taking into consideration pro-ecological aspects in selected 

companies,
• selecting parameters for a pro-ecological assessment, which are possible to analyse and 

common for the studied companies,
• gathering data for established parameters for a pro-ecological assessment from every 

company,
• performing calculations using the taxonomic method,
• preparing a dendrite presenting the smallest differences between individual parameters 

for all studied companies,
• analysis of the study results.
The calculations have been performed using the taxonomic method for 15 companies (tech-

nologies), characterized by 21 parameters selected for analysis, using the following procedure*:
• determination of values of individual parameters for each technology according to the 

accepted measurement units (acc. table 1),
• addition of 4 exemplary technologies bearing WP2, WP13, WP14, WP21 (Table 2) sig-

natures,
• design of the total dendrite for all 15 pro-ecological technologies, illustrating the accepted 

study procedure.
Multiple consultations with technical supervision and directly with the employees engaged 

in specific work types in the selected companies allowed to gain the most reliable and adequate 
values for individual parameters for each of the 15 technologies. The most essential parameters, 
because of a pro-ecological assessment of the technical infrastructure of motor transport, have 
been assigned exemplary technologies, choosing WP2 (emission of carbon dioxide to atmosphere), 
WP13 (total quantity of material waste), WP14 (overall “quality” of waste) and WP21 (the amount 
of energy demand).

* applicable to this article
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THE STUDY RESULTS

Using the taxonomic method to assess pro-ecological problems in the technical infrastructure 
of motor transport allows for the description of a large amount of parameters in order to perform 
their proper analysis and correct reasoning [13]. While drawing conclusions from the performed 
analysis for the dendritic arrangement, the basic role is played by the sequence of connected points 
and the values of average differences between these points. Proximity and grouping of the particular 
technologies indicate the similarity among the examined parameters. In the final effect, the calcula-
tion results using the taxonomic method have enabled the construction of a dendrite, presenting 
distances within the space of the examined parameters (Fig. 2).

The constructed total dendrite for the differentiation of the technology for all the 15 selected 
companies enables to draw the following conclusions:

• with reference to CO2, in the group of low emissions, the No. 6 technology has the low-
est value, which under the project assumptions concerning the building of the technical 
infrastructure means that the other companies should aim at obtaining the values similar 
to the WP2 exemplary technology, or implement the existing and proved technology in 
the company, encoded under No. 6.

• among the companies of the lowest values of the sum of waste, the most advantageously 
located is the No. 4 technology, because it appears a short taxonomic distance away from 
the WP13 exemplary technology,

• the least harmful influence of waste on the natural environment is indicated by the com-
pany encoded as No. 2, which is located a short taxonomic distance away from the WP14 
exemplary technology within the taxonomic space,

• from among the surveyed companies, the No. 8 technology shows the lowest energy 
consumption, which means that it is the least energy-intensive and appears very close to 
the WP21 exemplary technology within the taxonomic space.

 -  
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Fig. 2. The total dendrite for the differentiation of the technology for all of the 15 surveyed companies
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CONCLUSIONS

Currently, the most pressing problem is the protection of the natural environment against 
the effects of the dynamic development of motor transport, the functioning of which causes many 
serious threats. Technical infrastructures of motor transport have a large share in the degradation of 
the environment, due to diagnostic inspections, routine and periodic maintenance, repairs and other 
kinds of services concerning vehicles which are performed there (e.g. car washes, paint shops etc.).

To assess these extremely important ecological issues, the taxonomic method can be used, 
which enables the dendritic arrangement mirroring the location of the examined factors within 
a multidimensional space of parameters [13,16]. The realisation of the subject matter presented in 
this article makes it possible to formulate the following conclusions of a general character:

• arranging pro-ecological technologies in the technical infrastructure of motor transport, 
using the taxonomic method is an effective way to find the point determined by the de-
fined criteria within the space of the selected parameters,

• verification of the results for a differentiation of pro-ecological technologies with the 
dendritic arrangement method is possible with the help of the diagonal matrix of Cze-
kanowski [17],

• the dendritic arrangement using the taxonomic method and the matrix one using the Cze-
kanowski’s method give concurrent results with reference to pro-ecological technologies 
in the technical infrastructure of motor transport [17].

As opposed to all kinds of optimization methods, which in reality only allow for a linear 
arrangement of the examined ecological problems, taxonomy enables the dendritic arrangement, 
which mirrors the location of the examined factors better within a multidimensional space of pa-
rameters.
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PROPONOWANA METODYKA ANALIZY PROBLEMÓW EKOLOGICZNYCH 
W ZAPLECZU TECHNICZNYM TRANSPORTU SAMOCHODOWEGO

Streszczenie. W artykule przedstawione zostały najistotniejsze zagrożenia występujące w obiektach zaplecza 
technicznego transportu samochodowego. Zaprezentowane zostały zagadnienia dotyczące modelowania metodą 
taksonomiczną strategii ekologicznej w zapleczu technicznym oraz stosowane metody i techniki dobierane 
w zależności od konkretnych problemów oraz wybranych celów. Wymieniono kryteria i podstawowe założenia 
metody taksonomicznej oraz jej aplikację do oceny zagadnień ekologicznych.
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