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Summary

The paper presents authors’ views about comprehensive evaluation of the environmental hazard 

caused by the operation of automotive vehicles. Methods of analysing the emissions of environmental 

pollutants and the energy input at the stage of production and distribution of energy carriers (from the 

source of obtaining an energy carrier to the fuel tank, “Well-to-Tank,” abbreviated as WtT) and at the 

stage of vehicle use (from the fuel tank to the vehicle wheel, “Tank-to-Wheel,” abbreviated as TtW) have 

been described. Results of the research carried out in compliance with the Eco-indicator 99 procedures 

and with the Swiss Ecological Scarcity Method, also known as the Ecoscarcity or UBP’06 method, have 

been analysed. In the recapitulation, the authors have criticised the existing methods of assessment 

of the harmful environmental impact of motorisation and proposed an original system of indicators 

that would characterise, in terms of pollutant emissions, the energy-related and environmental impacts 

exerted by motor transport at the stages of the production and distribution of energy carriers and the 

use of automotive vehicles.
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1. Introduction

Due to the commonness and large-scale of motorisation, the public feeling of its 

environmental impact far exceeds reasonable limits. In some ways, however, this is 

justified because we even intuitively feel, at every turn, the environmental nuisance caused 

by motor transport, especially in urban agglomerations and in the areas surrounding 

transport routes. The need to evaluate the environmental hazard caused by motorisation 

is unquestionable because the rationalisation of development of motor transport, which 

is essential for the community to function, requires the having of tools for the gaining of 

not only qualitative but also quantitative knowledge of the environmental risks related 
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to this type of human activities. This task is the more so difficult that it is impossible to set 

clearly defined boundaries in the areas of human activities more or less closely, directly 

or indirectly, related to motorisation. The motorisation-related environmental impacts are 

chiefly exerted by automotive vehicles; nevertheless, the impacts of automotive equipment 

manufacturing plants as well as service and road traffic infrastructure cannot be ignored, 

either. Among the factors related to motor transport that affect the environmental quality, 

the consumables, especially fuels, and the facilities where such materials are produced 

occupy an important position. The other items, which may be mentioned as ranked 

somewhat lower, include the mining industry, power industry, etc. There is no clearly 

defined end of this list. The types of the environmental impact exerted by motorisation 

are also very complex, ranging from road accidents through the emissions of pollutants, 

electromagnetic radiation, noise, vibration, and leaking consumables, to the occupation of 

territory and landscape degradation.

It can be seen, therefore, that the comprehensive evaluation of the environmental impact 

of motorisation must be based on clearly defined boundaries and that some assumptions 

must be adopted for the evaluation to be made generally possible. In most cases, the 

evaluation is limited to the emission of pollutants harmful to people’s environment, especially 

to human health. It is very often that the research work is confined to the conditions of 

use of automotive vehicles. Even at these severe limitations, the assigning of specific 

harmfulness weights to individual pollutants, which would make it possible to compare 

the situations examined, gives rise to significant difficulties. An example of the attempts 

made to solve this problem is the algorithm of assigning the environmental loading costs 

to individual selected substances as proposed in Directive 2009/33/EC on the promotion 

of clean and energy-efficient vehicles. Another serious issue is the adoption of comparable 

models of the state of operation of internal combustion (IC) engines, representative for the 

use of such engines in automotive vehicles. This problem is the more so important that, as 

it is widely known, pollutant emissions are very much sensitive to the state of operation 

of IC engines, especially to the occurrence of dynamic states.

In connection with the spreading interest in the application of renewable energy carriers, 

the need to evaluate pollutant emissions and energy inputs with taking into account 

the production and distribution of these carriers becomes increasingly pressing. Very 

often, the public interest is limited in such cases to merely the emission of greenhouse 

gases (GHG), especially carbon dioxide, which results more from propaganda than from 

rational reasons. The fact that the hazards causing immediate danger to human health are 

neglected in this context is a sign of not only light-heartedness of incompetent ideologists 

but also of irresponsibility of the persons in whom communities naively placed their trust.

The subject matter of the deliberations presented here is the comprehensive evaluation of 

pollutant emissions and energy inputs related to the production and distribution of energy 

carriers and to the use of the energy carriers in vehicles. For this purpose, examples 

drawn from Western Europe, predominantly from Switzerland, were used. By citing these 

examples, the authors try to show significant relativity of results of such analyses and 

recommend being careful when researching this topic.
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The research methods cited here are burdened with significant formal weaknesses. For 

this reason, the authors try, if possible, to avoid the informalities and clumsy expressions 

occurring in the original materials, inter alia by translating into Polish the commercialised 

English terms so typical for the western civilisation, which are linguistically defective and 

ill befit the scientific work. One of the most important clumsy and incorrect terms is the 

“life” applied to inanimate objects. The common terms of the kind of “vehicle life cycle” are 

a sign of marketing commercialisation of the language. The authors consistently use the 

term “vehicle existence,” regretting that they could not find an appropriate word in place 

of “cycle,” as the existence of a vehicle actually has not the nature of a cyclic process. 

Perhaps, the term “vehicle existence time” would be better than the “vehicle existence 

cycle.” There are also serious difficulties in the assimilation in the Polish science of the 

terms that have not been formalised in the original sources, such as e.g. “current flow,” 

which, may be, have a high literary value but whose quality as scientific terms is definitely 

poor.

In spite of these difficulties in the comprehensive evaluation of the harmful environmental 

impact of motorisation, the authors are aware of the necessity to undertake such actions, 

seeing a lower risk in the employing of minimalist solutions in the assessments, e.g. in the 

form of significant limitation to the generality of the analyses carried out.

2. Assumptions made for the analysis of the environmental 

hazard in the cycle of existence of an automotive vehicle

The environmental hazards resulting from the whole conventional cycle of existence of an 

automotive vehicle are summed up in most cases with the use of a predefined method 

and appropriate computer software (because of a great number of data and, sometimes, 

complicated calculation algorithms). One of the most popular methods is the analysis “Well-

to-Wheel” (WtW) [1, 3, 9, 10, 17÷19], the name of which might be interpreted as “from the 

source (of an energy carrier) to the wheel (of a vehicle)” [5, 8]. The Well-to-Wheel analysis 

is applicable to the determining of emissions of environmental pollutants (greenhouse 

gases in most cases) and energy input, resulting from the use of fuels of various types and 

the corresponding types of possible vehicle propulsion systems. In such an analysis, the 

whole conventional fuel existence cycle is taken into account, which covers the acquisition 

of primary energy carriers, processing of the carriers to convert them into energy carriers 

usable for the propulsion of vehicles, transport and distribution of the energy carriers, and 

final pollutant emissions from the vehicle during operation. In practice, the Well-to-Wheel 

analysis is divided into two stages (Fig. 1) [1, 3, 5, 10, 13, 15, 17, 18]:

• From the source of an energy carrier to the fuel tank (Well-to-Tank, WtT);

• From the fuel tank to the vehicle wheel (Tank-to-Wheel, TtW).

As the final output of the analysis, the total energy consumption and the total pollutant 

(greenhouse gas) emissions are determined at both the stages.
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Fig. 1. Schematic diagram of the Well-to-Wheel analysis.
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The first part of the analysis, i.e. the Well-to-Tank stage, covers the fuel preparation 

processes, namely from the production or extraction of raw materials (primary energy 

carriers), through raw material processing, fuel transport and distribution, to the placing 

of the fuel in a vehicle fuel tank. The total efficiency of this stage, referred to as total fuel 

preparation efficiency, defined as the ratio of the amount of the energy contained in 

finished fuel (without the energy needed for the fuel preparation) to the amount of the 

primary energy contained in the unprocessed energy carrier, may be determined (Table 

1) [13]. The energy losses and the amounts of pollutant emissions resulting from the fuel 

preparation process depend not only on the fuel type but also on the production method 

adopted and the feedstock used. That is, if there is a number of possible methods of 

production of a specific fuel (for example, hydrogen may be obtained by steam reforming 

of methane, coal or biomass gasification, biomass pyrolysis, or electrolysis of water), then 

the final balance of energy consumption and pollutant emissions will depend on which of 

the production methods is taken as a basis for the analysis.
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Table 1.  Relative energy losses occurring during the cycle of preparation of diesel fuel, motor gasoline, 

compressed natural gas (CNG), and compressed hydrogen and the total fuel preparation efficiency 

determined for these fuels (based on [13]).

Actions that cause energy losses
Diesel 

fuels

Motor 

gasoline

Natural gas 

(CNG)
Hydrogen

Extraction, preconditioning, and 

long-distance transport
0.03 0.03 0.01 0.1

Processing (refining / steam 

reforming)
0.06 0.08 0 0.2

Domestic distribution (quick filling 

stations for CNG and hydrogen)
0.02 0.02 0.12 0.17

Total fuel preparation efficiency 

(with the fuel energy value having 

been taken into account)

0.89 0.86 0.8 0.6

Many literature items and thorough reports were published, where not only results of Well-

to-Wheel analyses but also types of the factors taken into account in the calculations 

were presented. The most important factors that have an impact on the evaluation of fuels 

at the fuel preparation stage have been discussed in this paper, based on publications [1, 

2, 3, 9, 10, 13, 14, 17÷19].

In the rolling analysis of biofuels obtained from energy plants, the energy losses and 

environmental pollution resulting from the plant growing process should be considered. For 

example, such factors are taken into account as diesel oil consumption by farm machinery, 

application of nitrogenous fertilisers, quantity of water used, or conventional values of the 

emissions related to the land-use change in the areas earmarked for the cultivation of plants 

to be used for the production of biofuels. These factors may be ignored, i.e. their values 

may be assumed as zero, in the case of fuels obtained from waste biomass. Particularly 

valuable is the possibility of reduction of the carbon dioxide emission thanks to the fact 

that this gas is assimilated by plants when they are growing; thus, this quantity becomes 

negative in the final balance. The method of utilisation of the by-products generated 

when the biomass is processed is also an important aspect. A part of the by-products 

may be used in other industry branches, e.g. the glycerine generated during the biodiesel 

production process finds application in the pharmaceutical, cosmetic, papermaking, and 

other industries, and fodder for animals is obtained at the process of making biomass from 

cereals. Such by-products can be substituted for products made traditionally, which helps 

to reduce energy consumption and pollutant emissions. The emissions generated during 

the fuel production process are usually divided among the fuel and the by-products, 

proportionally to their energy content. Much controversy is aroused by the fact that some 

materials suitable for other purposes, e.g. cereals for the production of food and fodder, 

sugar reed for the production of sugar, or wood for the generation of heat, are used for the 

production of biofuels. In the energy balance, the availability of such an alternative solution 

is considered a negative factor.
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As opposed to biofuels, the method of obtaining natural gas is far less complicated. 

The main factors that should be taken into account at the stage from the source of raw 

material to the fuel tank are extraction, transport by pipelines, and compression (CNG) or 

liquefaction (LNG) at filling stations.

In the analysis of the hydrogen preparation process, the factor of the most significant 

importance is the production method employed. In the case of steam reforming of natural 

gas, which is now the most popular method, particular attention is paid to the transport 

of natural gas, the steam reforming process as such, and the hydrogen compression at 

the filling station. If, however, hydrogen has been generated in result of electrolysis of 

water, it is important for the compiling of an energy and emission balance that the origin 

of the electricity used for the process should be ascertained. Hydrogen is considered 

“clean” (bio-hydrogen) if it has been generated with the use of electricity obtained from 

renewable sources (wind power farms or solar power stations). Otherwise, the emissions 

accompanying the process of obtaining electric energy should be taken into account in 

the balance of emissions determined for the hydrogen subject to the analysis.

Conventional fuels are characterised by significant energy demand for the extraction of 

crude oil and for the transport of the oil to a refinery, then for the oil refining to obtain diesel 

fuel or gasoline, and for the transport of these products to the final consumers. The results 

of the balance compiled for petroleum-derivative fuels at the Well-to-Wheel analysis are 

often taken as a reference to compare the environmental properties of unconventional 

fuels of various kinds.

The above examples of the data used for the Well-to-Tank analyses have been given here 

as rough information only. Actually, almost each of the operations presented here may 

be carried out in several different ways, e.g. waterborne, rail, and road transports are 

connected with different energy inputs and pollutant emissions. Therefore, the evaluation 

of a specific fuel is very sensitive to the assumptions made.

At the second stage, from the fuel tank to the vehicle wheel (Tank-to-Wheel), the pollutant 

emissions from the vehicle and the fuel consumption by the vehicle are evaluated. The 

factors of critical importance for this part of the analysis are the type of the fuel used, 

the type of the exhaust gas treatment system, and the total efficiency of the vehicle 

propulsion system [13], which is the highest for fuel cells, lower for diesel engines, and the 

lowest for spark-ignition engines (hybridisation with the use of an electric motor makes it 

possible to achieve an extra growth in the total efficiency) [1].

The necessary tests are usually carried out in laboratory conditions, on chassis 

dynamometers (for complete vehicles) or on engine test beds (for engines only), with 

tests of various kinds, both static and dynamic, being run. Normally, the tests provided 

in type validation procedures are used, but this, in principle, does not give grounds for 

the formulation of conclusions about the engine performance in actual service conditions. 

This is the most serious weakness of the generally applied methods of analysing the 

environmental impact of motorisation. Admittedly, the use of validation test procedures 

for the engine tests makes it possible to carry out comparative analyses of energy and 

pollutant emission effects, but the formulation of judgments on the inventorying of energy 
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and pollutant emissions, which is a common practice among both specialists and people 

of action, i.e. propagandists and politicians, is absolutely inacceptable.

Regardless of methodological reservations, at least in researchers’ intention, the final 

output of the Well-to-Wheel analysis is the sum of energy spent and the total mass of the 

pollutants emitted at both the stages of the analysis, i.e. the fuel preparation (Well-to-Tank) 

and the use of fuel in the vehicle (Tank-to-Wheel).

Based on the energy balance, the amount of energy is determined that is needed for the 

preparation of the fuel consumed by the vehicle to travel a road section of unit length 

(expressed in [MJ/km] or [MJ/mi]). Usually, other indicators are also specified, e.g. the 

general efficiency of the Well-to-Wheel cycle as defined previously [1, 3, 9, 10, 13, 17÷19].

To calculate the balance of the emissions of greenhouse gases (carbon dioxide and, inter 

alia, methane and dinitrogen monoxide) for the whole cycle, the emissions are converted 

into equivalent emissions of carbon dioxide CO
2eq
 and then summed up. Individual gases 

are given appropriate values of carbon dioxide equivalent, proportional to the potential 

share of the gases in the development of the greenhouse effect (the numerical values 

have been taken from Directive 2009/28/EC):

• Carbon dioxide – 1;

• Dinitrogen monoxide – 296;

• Methane – 23.

This procedure facilitates the calculation of greenhouse gas emissions and the final 

interpretation and comparison of results. In general terms, the emission of greenhouse 

gases is specified as mass emission of carbon dioxide equivalent, i.e. the mass of carbon 

dioxide equivalent emitted during the process of fuel preparation and use in a vehicle 

in relation to the distance travelled by this vehicle (expressed in [g/km] or [g/mi]) or as 

an energy-related indicator of the emission of carbon dioxide equivalent, i.e. the mass 

of carbon dioxide equivalent emitted during the process of preparation and combustion 

of a fuel amount carrying 1 MJ of energy (expressed in [g/MJ]) [1, 3, 9, 10, 13, 17÷19].

Detailed rules of the calculation of greenhouse gas emissions at the Well-to-Tank stage 

for various biofuels used in the EU countries are laid down in Directive 2009/28/EC of the 

European Parliament and of the Council of 23 April 2009 on the promotion of the use of 

energy from renewable sources. The provisions of this Directive constitute a basis for the 

assessment whether each of the EU member states manages to achieve the planned 

minimum share of energy from renewable sources in the gross final energy consumption 

in 2020 (the so-called “national overall target”). Pursuant to the Directive, the total energy-

related indicator of the emission of carbon dioxide equivalent (in other words, greenhouse 

gases or GHG) should be determined from a formula as given below: 

   
(1)

where: 

WE
ec
 –  energy-related GHG emission indicator determined for the emissions from the 

extraction or cultivation of raw materials;
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WE
l
 –  energy-related GHG emission indicator determined for the annualised emissions 

from carbon stock changes caused by land-use change;

WE
p
 –  energy-related GHG emission indicator determined for the emissions from 

processing;

WE
td

 –  energy-related GHG emission indicator determined for the emissions from 

transport and distribution;

WE
u
 –  energy-related GHG emission indicator determined for the emissions from the fuel 

in use;

WE
sca

 –  reduction of the energy-related GHG emission indicator determined for the emission 

saving from soil carbon accumulation via improved agricultural management;

WE
ccs

 –  reduction of the energy-related GHG emission indicator determined for the 

emission saving from carbon capture and geological storage;

WE
ccr

 –  reduction of the energy-related GHG emission indicator determined for the 

emission saving from carbon capture and replacement;

WE
ee

 –  reduction of the energy-related GHG emission indicator determined for the 

emission saving from excess electricity from cogeneration.

Definitions of the quantities specified in the formula above as well as their values or 

methods of calculation, depending on biofuel type, production method, and raw material 

used for the production, have been given in the Directive.

An example of results of calculations of the total energy-related indicator of the emission 

of carbon dioxide equivalent (total energy-related GHG emission indicator) from plant 

cultivation as well as from the production (with various process methods employed), 

transport, and distribution of selected biofuels has been presented, in a summarised form, 

in Fig. 2.

Many times, when the environmental hazards caused by the operation of automotive 

vehicles are analysed, not only total emissions and energy consumption but also other 

additional comparative factors are taken into account. Some of them make it possible 

to compare the environmental impact of a vehicle in several aspects, with qualitative 

assessment being taken as the objective. An example is the “eco-indicator” determined in 

the Eco-indicator 99 method [12, 16], in which environmental impact assessments in the 

following three damage categories are combined together:

• Damage to human health;

• Damage to ecosystem quality;

• Damage to resources.

The damage to human health is expressed in this method by the DALY indicator (Disability-

Adjusted Life Year), which is a unit of measure of the impact of ill-health on the human being 

in terms of both the life time lost because of premature death (mortality) and the time lived 
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in the state of disability (morbidity). This indicator is commonly used in health economy to 

define the state of health of a specific population, e.g. by the World Health Organization 

(WHO). In the Eco-indicator 99 method, models have been developed where respiratory 

diseases, tumours, climate change effects, ozone layer depletion (causing such diseases 

as cutaneous carcinoma or cataract), and harmful impact of ionising radiation have been 

taken into account and where the quantities measured include exposure to pollutants and 

pollutant immissions.

The damage to ecosystem quality is determined as the percentage of the species that 

vanish in a specific area due to the environmental impact of vehicles or fuel production 

processes. In this case, such factors are taken into account as water and soil acidification 

and eutrophication, land-use change (e.g. deforestation), and “ecotoxicity”, defined as the 

percentage of all the species present in the environment within a certain area and within 

a specific time interval and living under toxic stress (Potentially Affected Fraction or PAF) 

[16].

In the third damage category, the resource depletion is assessed in terms of the quality of 

the remaining raw material resources, including petroleum-derivative fuels. It is determined 

as the surplus energy that will have to be spent in the future for the extraction of 1 Mg of 

the raw material (expressed in [MJ/Mg]). In some cases, the scale of extraction of other 

chemical elements and compounds is considered.

In its final form, the eco-indicator is a figure that is the sum of the figures obtained for 

the three damage categories and weighted as appropriate. Moreover, the Eco-indicator 

99 method makes it possible to select one of three “interpretation perspectives,” i.e. 

“hierarchist,” “egalitarian,” or “individualist,” which determine the weights of each of 

the three damage categories. As default, the hierarchist perspective is used, where the 

contribution of human health and ecosystem quality is 40% each and the contribution of 

the resource depletion is considered to be as low as 20%. In the case of the egalitarian 

perspective, the ecosystem quality is given the highest weight, i.e. 50%, while the weights 

of the human health and resources are 30% and 20%, respectively. In the individualist 

approach, the human health predominates with a weight of 55%; the second and third 

importance levels are given to ecosystem quality (25%) and resources (20%) [12, 16].

Based on the Eco-indicator 99 method, over 200 eco-indicator values have been calculated 

for the most frequently used materials and processes. Computer databases, based on 

existing eco-indicators and making it possible to calculate new items, have been created 

as well to support the environmental impact assessment (e.g. SimaPro [12]).

A slightly different approach has been adopted at the Swiss Ecological Scarcity Method [11], 

sometimes referred to as Ecoscarcity or UBP’06 (from German “Umweltbelastungspunkte”) 

method. As it is in the case of the Eco-indicator 99 method, a few areas of the environmental 

impact of the product or process under investigation (e.g. the operation of an automotive 

vehicle) are taken into account. In this method, chiefly the pollutant emissions (with 

such factors as acidification and eutrophication, ozone layer depletion, etc.) and the use 

of natural raw materials are taken into account. The unique nature of this method lies in 
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the determining of the distance between the current environmental loading in a specific 

area, i.e. “current flow,” and the maximum acceptable loading defined by the existing 

legislative guidelines or political goals, referred to as “critical flow.” The terms of “current 

flow” and “critical flow” have not been formalised yet; therefore, they should be judged 

as a method, typical for the commercial trends in the academic research in the West, of 

vivid and pompous presentation of results of intellectual activities. We may suppose that 

the “current flow” and “critical flow” are physical quantities that define the environmental 

impact of civilisation, e.g. pollutant immissions, mass emission, or specific brake emission 

of pollutants from internal combustion engines. According to the Swiss method, the result 

of the environmental impact assessment is presented in the form of an “eco-factor,” 

the unit of which has been defined as the so-called eco-point (EP) divided by the unit 

of measure of the polluting effect under consideration (for the emission of greenhouse 

gases, the eco-factor would be expressed in [EP/g]). The eco-factor is calculated from the 

following formula:

(2)

where: 

K – coefficient of relative harmfulness of the specific polluting effect;

F – current flow;

F
n
 – normalised flow;

F
k
 – critical flow;

c – constant.

Hence, the eco-factor may be defined as a measure of the potential environmental hazard 

imposed by a specific polluting effect. Its value rises with growing excess of the current 

emission or consumption of natural raw materials over the limits allowed. The coefficient 

of relative harmfulness of the polluting effect under consideration, present in the formula, 

is to adjust the calculation result by differentiating substances that exert more or less 

harmful environmental impact (as it is in the case of greenhouse gases). The current flow 

value is usually taken from the most recent statistical data available for the specific area.

The main good points of the Swiss ecological scarcity method are simplicity of calculations 

and direct relationship with the political targets and legislative limits that should be met 

in a specific area or country. This is the main difference between this method and the 

methods that are oriented at absolute evaluation of environmental damage (such as the 

Eco-indicator 99 method). On the other hand, however, the eco-factor values may only be 

determined for the substances for which any legislative limits or political targets actually 

exist.
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3. Examples of analyses of greenhouse gas emissions in the 

cycle of existence of an automotive vehicle

It should be stressed that the result of an analysis carried out with the use of the Well-

to-Wheel method greatly depends on the scope of investigation as adopted by the 

researchers, inclusive of the number and weights of the factors under consideration as 

well as the assumptions made and simplifications adopted; therefore, it should exclusively 

be considered together with all these issues being taken into account. For this reason, the 

analysis results published in [1, 3, 10, 14, 17÷19] are not always fully consistent with each 

other; sometimes, they are even discrepant. In the literature items published in the recent 

years, compared with older publications, more factors that are indirect are in general 

taken into account, e.g. the carbon dioxide emission related to a change in the use of land 

allocated for the cultivation of plants intended for biofuel production [2, 14, 19].

Interesting results of investigations carried out with the use of the Well-to-Wheel method 

have been presented in [19], where environmental properties of a few non-renewable fuels, 

i.e. motor gasoline, diesel fuel, and natural gas, have been compared with the properties 

of 26 biofuel types made with the use of various raw materials and process methods 

available in Switzerland. Five conventional processes being parts of the fuel existence 

cycle were analysed: plant cultivation (if applicable), fuel production, transport of the fuel 

to a filling station, use of the fuel in vehicles, as well as construction and maintenance of 

infrastructure. To assess the environmental impact of these processes, a concept based 

on the following two indicators was proposed:

• Emission of greenhouse gases (in the form of carbon dioxide equivalent);

• Total environmental balance (ökologische Gesamtbilanz).

The value of the total environmental balance was calculated for each fuel type with the use 

of two different methods, i.e. the Swiss ecological scarcity method (eco-factor) and the 

Eco-indicator 99 method (eco-indicator) (Fig. 3).

Fig. 4 shows the indicator data determined for selected biofuels and presented in relation 

to the corresponding values obtained for gasoline, in the form of relative eco-factor vs. 

relative energy-related GHG emission indicator. An analysis of the results obtained by the 

authors gives grounds for a statement that most of the biofuels considered (21 of 26) 

reduces the greenhouse gas emissions by more than 30% in relation to the emissions 

determined for the corresponding grades of motor gasoline. On the other hand, nearly 

a half of the biofuels (12 of 26) exerts more harmful environmental impact than fossil fuels. 

This group includes the biofuels produced now on the largest scale, i.e. maize bioethanol 

(the USA), soybean biodiesel and sugar cane bioethanol (Brazil), and palm oil biodiesel 

(Malaysia). Much better environmental properties can be observed for biofuels made from 

waste stock, e.g. from waste vegetable oil, and for ethanol produced from wood or grass. 

These results have highlighted the differences between the gains and losses related to 

the use of individual biofuels [14, 19].
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Fig. 3.  Schematic diagram presenting the method of determination of the total environmental balance, 

according to [19].

Fig. 4.  Relative energy-related GHG emission indicators as against relative eco-factors, scaled in relation to 

gasoline (G) and determined for 29 biofuels produced from different feedstock, according to [19]. The 

origins of the biofuels produced outside Switzerland have been marked by country codes: Brazil (BR), 

China (CN), European Union (EU), France (FR), Malaysia (MY), the USA (US).
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The mass emissions of greenhouse gas and eco-factors determined for specific processes 

being parts of the existence cycle of the fuels under consideration have been shown in 

Figs. 5 and 6. In principle, the highest values of both indicators (although for not all fuels) 

occur during plant cultivation processes because of the use of farm machinery, fertilisers, 

and pesticides and, apart from this, in result of other factors such as soil acidification 

and biodiversity loss, especially in tropical zones. The production process is the second 

largest source of greenhouse gas emissions while the transport of fuels to the Swiss filling 

stations only insignificantly contributes (below 10%) to the generation of emissions and 

other environmental hazards [14, 19].

The analysis results may be considered attractive because they cover a wide range 

Fig. 5.  Comparison of the eco-factors for biofuels and fossil fuels determined by the Well-to-Wheel method, 

according to [19]. The origins of the biofuels are: Switzerland (CH), Brazil (BR), China (CN), European 

Union (EU), France (FR), Malaysia (MY), and the USA (US).
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Fig. 6.  Comparison of the mass emissions of greenhouse gases for biofuels and fossil fuels determined by the 

Well-to-Wheel method, according to [19]. The origins of the biofuels are: Switzerland (CH), Brazil (BR), 

China (CN), European Union (EU), France (FR), Malaysia (MY), and the USA (US).

of input data and many fuel types. In spite of this, the method employed is not perfect. 

The attempt to describe a combination of various environmental hazards with a single 

indicator carries a lot of risk; however, both the methods employed (Ecoscarcity and Eco-

indicator 99) returned identical results. On the other hand, much more doubts are raised 

by the fact of ignoring potential indirect effects connected with the biofuel market, e.g. the 

relationship between increase in biofuel demand and enlargement of the land used for the 

cultivation of energy plants at the cost of natural ecosystems as well as economic and 

social factors. Apart from this, in consideration of incompleteness of the data available, the 

authors did not take into account some biofuels produced from lignocellulosic feedstock, 

which is useless in the food industry [14, 19].
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4. Recapitulation

Until now, the most popular methods of comprehensive evaluation of the environmental 

impact of motor transport have been restricted to, above all, the analysis of energy input 

and pollutant emissions from automotive vehicles, with taking into account the stages 

of the production and distribution of energy carriers and the use of automotive vehicles. 

The knowledge of the methods to evaluate the economic performance based on fuel 

consumption and the environmental characteristics based on pollutant emissions during 

vehicle use is much more extensive than that concerning the fuel preparation stage, 

although there are still many factors related to the vehicle use stage that are difficult for 

being standardised but have a strong impact on the evaluation results. The most important 

uncertainties concern the identifying of the IC engine operating conditions that affect the 

engine operation states having the greatest impact on pollutant emissions. Against these 

problems, however, the susceptibility of environmental and energy-related properties of 

energy carrier preparation processes to individual carriers and their preparation methods 

is incomparably higher. Therefore, the results of such analyses should be considered not 

only as combined together but also separately because significant reserves may be hidden 

in the processes of production and distribution of energy carriers while the effects of any 

changes possible to be introduced at the vehicle use stage are usually quite small. This 

means that any benefits that might be gained at the vehicle use stage would be far more 

valuable in comparison with those achievable in connection with the process of supplying 

energy carriers.

Another important issue is the attitude taken to specific pollutants. Currently, it is generally 

in vogue to believe that the most important pollutants, equated in many cases with 

environmental properties, are greenhouse gases, usually simplified to carbon dioxide only, 

often with forgetting that in the case of the use of renewable energy carriers this should 

only be applied to the fossil carbon dioxide. Such an approach is not only erroneous but also 

damaging, because the substances that are most dangerous for people are those being 

directly harmful to human health. Sometimes, comprehensive evaluation methods are 

created that make it possible to take into account the emissions of substances harmful to 

people’s health and contributing to the intensification of the greenhouse effect. An example 

of such an approach seems to be the proposal put forward in Directive 2009/33/EC on the 

promotion of clean and energy-efficient road transport vehicles. Actually, the difference 

between the fossil and non-fossil carbon dioxide is not distinguished in this Directive, 

which puts the use of renewable fuels in a lost position. Hence, it is right to consider 

separately the indicators exclusively concerning the emissions of substances harmful to 

human health and those concerning the emissions of the pollutants that may damage 

the environment. For humanistic reasons, therefore, priority in comprehensive evaluations 

of the motor transport should be given to the indicators that concern the emissions of 

substances harmful to human health at the vehicle use stage because they describe the 

greatest and immediate danger threatening people from the motor transport.

In consequence, the authors propose the following systematisation of indicators for 

comprehensive evaluation of energy balance and pollutant emissions from automotive 

vehicles at the energy carrier production and distribution (WtT) stage and the vehicle use 

(TtW) stage:
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•  Indicators describing the emissions of substances harmful to human health at the WtT 

stage, given the symbols of b
tox WtT

 for road emissions and WE
tox WtT

 for energy-related 

emission indicator;

•  Indicators describing the emissions of substances harmful to the environment at the 

WtT stage, given the symbols of b
eco WtT

 for road emissions and WE
eco WtT

 for energy-

related emission indicator;

•  Indicator describing the energy-related effect at the WtT stage, given the symbol of 

efficiency 
WtT

;

•  Indicators describing the emissions of substances harmful to human health at the TtW 

stage, given the symbols of b
tox TtW

 for road emissions and WE
tox TtW

 for energy-related 
emission indicator;

•  Indicators describing the emissions of substances harmful to the environment at the 
TtW stage, given the symbols of b

eco TtW
 for road emissions and WE

eco TtW
 for energy-

related emission indicator;

•  Indicator describing the energy-related effect at the TtW stage, given the symbol of 
efficiency 

TtW
.

In the comprehensive evaluation of the environmental hazard caused by motor transport, 
the top priority should be given to the indicator describing the emissions of substances 
harmful to human health at the TtW stage, i.e. at the stage of the use of automotive 
vehicles.

The authors are convinced that prudence of decision-making communities’ representatives 
will induce them to adopt rational approach to the issues related to environmental 
protection from the impact of motor transport and that comprehensive evaluation of the 
harmful impact of motor transport will be helpful in tackling this problem.
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