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This paper presents the logistic system of fuel life cycle, covering 
diesel oil and the mixture of rapeseed oil and butanol (2:3 ratio), using 
the Life-Cycle Assessment (LCA) method. This method is a technique 
in the field of management processes with a view to assessing the 
potential environmental hazards. Our intention was to compare the 
energy consumption needed to produce each of the test fuels and 
emissions of selected substances generated during the production 
process. The study involved 10,000 liters of diesel and the same 
amount of rapeseed oil and butanol mixture (2:3 ratio). On the basis of 
measurements the following results were obtained. To produce  
a functional unit of diesel oil (i.e. 10,000 liters) it is necessary to 
extract 58.8 m3 of crude oil. The entire life cycle covering the con-
sumption of 10,000 liters of diesel consumes 475.668 GJ of energy 
and causes the emission to air of the following substances: 235.376 kg 
of COx, 944.921 kg of NOx, 83.287 kg of SOx. In the case of a func-
tional unit, to produce a mixture of rapeseed oil and butanol (2:3 ratio) 
10,000 kg of rapeseed and 20,350 kg of straw should be used. The 
entire life cycle of 10,000 liters of a mixture of rapeseed oil and butyl 
alcohol (2:3 ratio) absorbs 370.616 GJ of energy, while emitting the 
following air pollutants: 105.14832 kg of COx, 920.03124 kg of NOx, 
0.162 kg of SOx. Analysis of the results leads to the conclusion that it 
is oil refining which is the most energy-intensive and polluting pro-
cess in the life cycle of diesel. The process consumes 41.4 GJ of 
energy, and causes a significant emission of sulfur oxides (50 kg). In 
the production of fuel that is a mixture of rapeseed oil and butyl 
alcohol (2:3 ratio), rape production is the most energy-intensive 
manufacturing process is (absorbs 53.856 GJ of energy). This is due to 
the long operation time of the farm tractor and combine harvester. The 
operation of these machines leads also to the emission of a significant 
amount of pollution in the form of COx (2.664 kg) and NOx (23.31 
kg). 

Key words: 
life cycle,  
logistic system,  
LCA method,  
environmental hazards 

 125 

DOI: 10.1515/agriceng-2016-0050 

Unauthenticated
Download Date | 10/28/16 10:46 PM



 A. Marek, P. Kardasz, M. Karpinski, V. Pohrebennyk 

Introduction 
Life Cycle Assessment (LCA) is a technique in the field of management processes with 

a view to assessing the potential environmental hazards (Gilecki, 2003; Gutkowski, 2002; 
Góralczyk i Kulczycka, 2001). The essence of this method is evaluation of not only the 
final result of the process but also evaluation and assessment of the impact of the whole 
process on the environment. The assessment relates to the entire cycle of product life or 
activities covering mining and processing of mineral raw materials, the manufacturing 
process of the product, distribution, use, reuse, maintenance, recycling, final land use and 
transportation. LCA covers the environmental impact study system of product in the area of 
the ecosystem, human health and waste of resources (Kulczycka et al. 2001; Lagerstedt et 
al. 2003). 

The life cycle refers to the view that a fair, holistic assessment requires the assessment 
of raw material production, manufacture, distribution, use and disposal, including all past 
stages of transportation necessary for the product to exist. Thus, LCA is a process of evalu-
ation of the effects which products exert on the environment throughout their lives, through 
an increase in the effective use of resources and reduction of environmental burdens (fig.1). 
LCA is used to determine the environmental impact on the decision or proposed changes, 
usually oriented towards the future. This means that the whole market and the economic 
consequences of a decision may be taken into account. Procedures for Life Cycle Assess-
ment are part of the ISO 14001 environmental management standard, ISO 14040:2006 and 
14044:2009. (ISO 14044:2009 replaces the earlier versions of ISO 14041 and ISO 14043). 
(ISO 14040, ISO 14041, ISO 14042, ISO 14044). 

 

 

Figure 1. Environmental life cycle assessment (Kulczycka, 2001) 
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A definition of the environmental life cycle assessment takes into account the following 
four stages of work:  
– determination of the purpose and scope of research;  
– creation of a set of inputs and outputs; 
– assessment of the impact on the environment;  
– interpretation of the life cycle. 

The first step in determination of the scope of LCA will describe the system and its 
boundaries. This will allow for the analysis of the phases of the production process and 
allow determination of the required energy consumption in the process (fig.2). 

 

 

Figure 2. Schematic structure of LCA (Kulczycka, 2001) 
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The manufacturing of a product is a set of material and energy unit processes combined. 
This collection meets one or more of the specific features of the process. Determination of 
the boundaries depends on the access to data. They should be specified at the beginning of 
the analysis and they should be identical for the compared products. The first step in deter-
mination of the scope of LCA will describe the system and its boundaries. This will allow 
for the analysis of the production process phases and determination of the required energy 
consumption in the process. 

Functional units are the smallest units of the accepted term for studies that define the 
quantitative effect of the product system used as a reference unit in the research life cycle 
analysis (Sitnik, 2004). Functional units describe the reference plan for the normalization of 
input and output, which should be measurable. The determination of these units should be 
very precise during comparison of the two products for LCA. This analysis will allow for a 
real and meaningful comparison of the two products. Verification will enable exclusion of 
the initial stages of the life cycle or process unit, because the sensitivity analysis shows 
their lack of importance. 

LCA is also used for the production of transportation fuels. The analysis is often divided 
into stages involving the production, processing and delivery of the product to a recipient. It 
is commonly used to evaluate the total energy consumption or efficiency of energy conver-
sion and emission of toxic gases produced by motor vehicles (ISO 14044:2009).  

This article shows a comparative analysis of the production process of two motor fuel 
types. The focus is on how much energy is needed for the production and distribution of 
10,000 liters of diesel fuel and to produce the same amount of rapeseed oil and butanol (in 
the ratio of 2:3), and the assessment of the impact of the production of 10,000 liters of said 
fuels has on the environment. 

Production of motor fuels with using the LCA method 

Required steps in production of diesel oil are as follows: 

– production of crude oil;  
– transportation of crude oil to refineries;  
– refining of crude oil into diesel fuel;  
– transportation of diesel fuel to a petrol station.  

Required steps in production of colza oil are as follows: 
– cultivation of rape; 
– transportation to a mill; 
– extrusion of rape oil;  
– production of butyl alcohol;  
– transportation of fuel mixture to a recipient. 

The total energy needed to produce 10,000 liters of diesel oil and colza oil with a mix-
ture of butyl alcohol is shown in table 1 and table 2 and fig. 3 to fig. 6. 
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Table 1.  
Energy required to produce 10,000 liters of diesel fuel (own study) 

Process Energy consumption  
(MJ) 

Extraction of crude oil 1,113 
Transportation of crude oil to refineries 201 
Refining of crude oil to diesel oil 41,400 
Transportation of diesel fuel to a recipient 2,954 
Sum 45,668 

Table 2.  
Energy consumption during production and transportation of the mixture of rape oil and 
butyl alcohol (2:3 ratio) (own study) 

Process Energy consumption (MJ) 
Production of rape 53,856.1 
Transportation of rape to a company which presses them 2,713.2 
Extrusion of rapeseed oil 1,684.8 
Transportation of the rape oil and butyl alcohol mixture to a fuel 
recipient  114.43 

Sum 58,368.53 
 

 
Figure 3. Energy balance of diesel oil life-cycle(own study) 
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Figure 4. Energy balance of life cycle of rape oil mixed with butyl alcohol (ratio 2:3) (own 
study) 

 

 
Figure 5. Balance of raw material sourcing 10,000 liters of diesel oil (own study) 
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Figure 6. Balance of materials necessary to produce 10,000 liters of rape oil and butyl 
alcohol mixture (2:3 ratio) (own study) 

Air emissions during the life cycle of diesel oil and air emissions during the life cycle of 
10,000 liters of the rape oil and butyl alcohol mixture (2:3 ratio) are presented in tables 3 
and 4. 

Table 3.  
Air emissions during life cycle of diesel oil (own study) 

Process 
Emission (g/10,000 liters diesel oil) 

COx NOx SOx 

Production of crude oil 6.8 16.4 89 

Transportation of crude oil to refineries 0.2 1.3 7 

Refining a crude oil into diesel oil 5,150 20,600 50,000 

Transportation of diesel fuel to a recipient 2,516 10,698 363 

Using diesel oil in transportation company 227,703 913,605 32,828 

Sum 235,376 944,921 83,287 
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Table 4.  
Air emissions during life cycle of 10,000 liters of rape oil and butyl alcohol mixture (2:3 
ratio) (own study) 

Process 
Emission (g/10,000 liters mixture) 
COx NOx SOx 

Production of rape 2,664 23,310 0 
Transportation of rape to a company which presses 
them 336 2,940 0 

Extrusion of rapeseed oil 6.72 42.24 162.24 
Fermentation of biomass and obtaining  
butyl alcohol 

 
0 

 
0 

 
0 

Transportation of rapeseed oil and butanol mixture (2:3 
ratio) to a fuel recipient 33.6 294 0 

Use of rapeseed oil and butanol mixtures 
(2:3 ratio) as a fuel in a transportation company 

 
102,108 

 
893,445 

 
0 

Sum 105,148.32 920,031.24 162.24 

Discussion 
To produce a functional unit of diesel fuel (i.e. 10,000 liters), 58.8 m3 of crude oil were 

extracted. The entire life cycle of 10,000 liters of diesel oil consumes 475.668 GJ of energy 
and causes emission to the atmosphere of the following selected substances: 235.376 kg of 
COx, 944.921 kg of NOx, 83.287 kg of SOx. Analyzing the production process of diesel oil, 
the most energy consuming and environment polluting is the process of refining the crude 
oil into diesel. 

To produce a functional unit of the rape oil and butyl alcohol mixture (2:3 ratio) 10,000 
kg of rape and 20,350 kg of rape straw should be used. The entire cycle of 10,000 liters of 
rape oil and a mixture of butyl alcohol (2:3 ratio) consumes 370.616 GJ of energy and 
causes the emission of the following substances into the atmosphere: 105.14832 kg of COx, 
920.03124 kg of NOx, 0.162 kg of SOx. 

In the production of the rape oil and butyl alcohol mixture (2:3 ratio) the most energy 
consuming process is the cultivation of rape.  Aside from that, a large amount of COx and 
NOx is being emitted in the process due to the relatively long operation time of the agricul-
tural machinery. 

Conclusion 
Production of diesel fuel requires more energy and causes a greater emission of pollu-

tants. Thus, the use of rapeseed oil in a blend with butanol is more favorable. Striving to 
decreases energy consumption in the production of diesel oil should focus on refining crude 
oil. By changing of the oil production technology at this stage, the energy consumption and 
emission of sulfur oxides could be reduced. 
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 Using LCA in companies that decide to carry it out is beneficial to both the population 
and the environment at large. It indicates the possibility of realizing the interdependence 
between human activities and environmental consequences. 
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OCENA SYSTEMU LOGISTYCZNEGO CYKLU ZYCIA PALIW  
PRZY WYKORZYSTANIU METODY LCA 

Streszczenie. W artykule przedstawiono ocenę systemu logistycznego cyklu życia paliwa, dla mie-
szanki oleju napędowego i oleju rzepakowego z butanolem (w stosunku 2:3), wykorzystując metodę 
LCA. Metoda ta jest techniką w zakresie procesów zarządzania, wykorzystywaną do oceny potencjal-
nych zagrożeń dla środowiska. Celem artykułu było porównanie zużycia energii potrzebnej do wy-
tworzenia każdego z badanych paliw i emisji wybranych substancji powstających podczas procesu 
produkcyjnego. Badania przeprowadzono dla 10.000 litrów oleju napędowego i takiej samej ilości 
mieszaniny oleju rzepakowego i  butanolu (w stosunku 2:3). Na podstawie pomiarów uzyskano na-
stępujące wyniki. W celu wytworzenia założonej ilości oleju napędowego (10,000 litra), wymagane 
jest wydobycie 58,8 m3 ropy naftowej. Podczas całego cyklu życia paliwa zużywa się 10.000 litrów 
oleju napędowego, co wymaga nakładu 475,668 GJ energii. Następuje wtedy emisja następujących 
ilości szkodliwych substancji do atmosfery: CO=235,376 kg, NOx=944,921 kg, SOx=83,287 kg. Aby 
zapewnić funkcjonalność urządzenia przeznaczonego do wytwarzania mieszaniny oleju rzepakowego  
i butanolu (2:3) należy wykorzystywać 10000 kg rzepaku i 20350 kg słomy. Podczas całego cyklu 
życia 10.000 litrów mieszaniny oleju rzepakowego i alkoholu butylowego (2:3) zużywa się 370,616 
GJ energii. Emisje wybranych substancji do powietrza są następujące: CO=105,14832 kg, 
NOx=920,03124 kg , SOx=0,162 kg. Analiza wyników prowadzi do wniosku, że najbardziej energo-
chłonnym i emitującym najwięcej zanieczyszczeń procesem w cyklu życia diesel'a jest rafinacja ropy 
naftowej. Proces ten zużywa 41,4 GJ energii i prowadzi do emisji znacznych ilości tlenków siarki (50 
kg). Przy produkcji mieszanki oleju rzepakowego i alkoholu butylowego (stosunek 2:3) najbardziej 
energochłonny jest proces produkcji rzepaku (pochłania 53,856 GJ energii) ze względu na długie 
czasy pracy ciągnika rolniczego i kombajnu. Podczas pracy tych maszyn emitowane są do środowiska 
duże ilości CO (2,664 kg) i NOx (23,31 kg). 

Słowa kluczowe: cykl życia, system logistyczny, metoda LCA, zagrożenia dla środowiska 
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