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1. Introduction

Environmental concerns, along with the goals of energy diversification and rural develop‐
ment, accompanied by policies that drive the use of liquid biofuels for transport in several
countries, notably in Europe. Since they started these policies, the perception of the environ‐
mental benefits of biofuels has changed significantly. At present there is controversy regard‐
ing the benefits and possible negative consequences in terms of environmental impact.

The questions are given based on two negative consequences directly: the occupation of nat‐
ural areas to expand cultivation and, on the other side, energy efficiency in addition to the
possible influence on food prices. The latter reinforces the transformation of natural areas to
agricultural land.

This chapter discusses environmental considerations in the life cycle of one of the most
widely used biofuel today, the biodiesel obtained from sunflower oil. The environmental
impacts along the life cycle approach are described and quantified as well, based on the
structure proposed by the ISO: 14040, results of empirical research, conducted in the south‐
ern part of eastern Paraguay. To do this, we performed field inventory and assessment of
impact by weighting and standardization, supported by LCD SIMAPRO 7.0 program. By
unifying features protection areas, evaluations were obtained by assigning a weight range of
40% importance to human health, 40% for ecosystem quality and 20% for resources. Topics
to be covered in this chapter include descriptions of the agricultural phase, production of
sunflower oil and the industrial stage of biodiesel production. Finally, the proposed units in
each category were assessed according to the characterization factors and corresponding
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formulae and graphs were generated impacts in relation to the three protected areas: dam‐
age to human health, ecosystem quality and resources, being this the identification of poten‐
tial impacts.

2. Life cycle assessment

ISO: 14040, 97 defines Life Cycle Assessment (LCA) as "the collection and evaluation of the
inputs and outputs and potential environmental impacts of product system throughout its
life cycle. “It is a methodology promoted by the United Nations Program for Environment,
driven at the World Summit on Sustainable Development in Johannesburg and standar‐
dized in the series 14040, within those for ISO 14000 environmental own efforts. This analy‐
sis includes four main stages (Figure 1) comprising the definition and scope, inventory
analysis, impact assessment and interpretation of results.

 
Defining scope and 

objectives 

Inventory 
Analysis 

Impact 
Assessment 

 

 

 

Interpretation 

Figure 1. Structure of the life cycle

2.1. Definition and scope

This stage of the process/service/activity begins by defining the global benefits of the re‐
search, in which the purpose of the research, the product, the potential market, the impor‐
tance or significance of the research (limitations of the system), the functional unit, the
necessary data and the analysis to be carried out are established.

2.2. Inventory analysis (Life Cycle Inventory LCI)

The analysis for the life cycle for biodiesel consists of processes and systems connected by
their common end: the making of the product. Part of this process is the analysis of the in‐
ventory that refers to a quantified list of all the incoming and outgoing flows of the system
during its working life, and which are extracted from the environment or produced in it by
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calculating the energy requirements and materials of the system, and the energetic efficiency
of its components, as well as the emissions in each of the processes and systems.

2.3. Impact assessment (Life Cycle Impact Assessment – LCIA)

An evaluation of the classification and assessment of the inventory is carried out according
to the inventory analysis lists, and its results are related to evident environmental effects.

2.4. Results interpretation

All results of the preceding part are assessed together in a rational way and according to the
previously defined objectives of the research so as to establish conclusions and recommen‐
dations for the decisions to be made.

The LCA method is a dynamic one and the four stages in which it is carried out are all con‐
nected, as shown in figure 1. Thus, data may be modified or improved as soon as new re‐
sults are achieved. Social aspects are not typically taken into account by the LCA and it is
therefore necessary to use other techniques which provide us with the social problems pan‐
orama on this matter (Rajagopal and Zilberman, 2007).

The inventory or environmental balance was divided into the following subsystems: agricul‐
tural phase, industrial phase of the oil and industrial phase of the biodiesel, as well as the
different means of transport for distribution and use.

3. Content of the agricultural phase – Sunflower crop

This section describes the agricultural process of growing sunflower and quantified inputs
and energy expenditure. The raw material is the sunflower species Elianthusannus, short cy‐
cle (three months or so) from November to January. The technology used is the double disk
tillage (Marchetti et al., 2007).

The flows of energy during the lifespan of biodiesel are divided directly and indirectly. A
flow of direct energy corresponds to the energy consumed in the way of fossil fuels; fire‐
wood, electricity, water steam, and diesel used in; farming operations such as plowing be‐
fore sowing, defense, and harvest of the crops (Donato, 2007). Fuel used in the
transportation of the harvested grain from the field to the stocking plant, industry and dry‐
ing, denominated in this case short-haul freight (adding short distance of 30 km and 150
km), according to the Márgenes Agropecuarios, 2009. Fuel used in the process of drying
which is carried out in a stocking plant whose objective is the reduction of the humidity per‐
centage of the harvested grain, using firewood and water steam for this effect. Electrical en‐
ergy used in the industrial process for the process of transesterification and maintenance of
buildings, which comes from hydro electrical energy (used in the country).
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Figure 2. Scheme of the Agricultural Phase Process.

Indirect contributions of energy include the quantities of the agricultural supplies (seeds,
fertilizers, and agrochemicals) in order to produce a determined amount of grains per hec‐
tare, which is taken as raw material to the process of transformation into biofuels, and the
raw materials used in the elaboration of oil and then biodiesel. The outflows of solid, liquid,
and gas effluents in each phase, multiplying the amounts by their corresponding energy co‐
efficient. Consistency and balance analysis were carried out to verify the homogeneity of the
values (Anderson and Valenzuela, 2007).
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Figure 3. Energy expenditures and outputs.

4. Sunflower oil collection

The technology used in developing the oil is a mixed system, mechanical (pressing) and
chemical (solvent extraction).It describes the followed process and the main elements in‐
volved in input and energy expenditure.

Once sunflower has been harvested, it has to be cleaned, dried and stored under the ade‐
quate conditions. During the storing process seed are rolled in cylinder mills to be moisture-
conditioned. Oil is extracted by pressing, and then solvent extraction is done using hexane.
Oil is separated from the solvent by using the distillation of micelle and hexane is eliminated
from the flour and this is now dried and toast. Finally, crude oil is extracted; refined and
sunflower pellet is processed.
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Figure 4. Biodiesel scheme of production.
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Figure 5. Balance analysis.

5. Biodiesel production

The biodiesel is made from sunflower oil transesterification in a continuous system using
mainly methanol and potassium hydroxide as a catalyst obtained as major by-product glyc‐
erin. This process involves the use of oils or fats containing free acidity, and in its first phase
the free fatty acids are also transformed into methyl ester.

Alternative fuel is produced from vegetable oils, turning triglycerides into methyl or etil es‐
ters. This is commonly achieved trhough a method known as transesterification, in which
reactions from the three acid chains (ester chains) of each triglyceride molecule are pro‐
duced by an alcohol and, as a result, these chains are separated from the glycerin molecule.

This separation needs temperature and a powerful base catalytic, such as a hydroxide, for
the reaction to be complete. Methanol is generally used for this purpose, although many
other alcohols, like ethanol, propane or butane, can be used. Glycerin is obtained as a by-
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side product and this can be used in other industrial matters, making it a positive factor
from the economic point of view (Ma and Hanna, 1999).

Figure 6. Biodiesel energy balance.

The total of energy consumption for the production of biodiesel was obtained by adding the
industrial and farming stages and the different transport of the intermediate products, In
figure 6, the total energy expense compared by phases can be observed; in the same figure, it
can be observed that the highest direct expense is presented during the stage of industrial
transesterification of biodiesel because of the high use of electricity in this phase. However,
the largest inflow in supplies and indirect energy expense comes in obtaining the oil because
of the higher amount of energy contents in the materials involved in this process.
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Figure 7. Total energy expense of the cycle, in direct energy consumption, indirect energy, and emission outflow ener‐
gy, and final energy balance.

6. Identification of impacts on the life cycle

This section gives an overview of the environmental impact of the system under study
which results indicate that it is strictly linked to the agricultural phase, although the indica‐
tors evaluated the impact is minor compared to other countries such as Argentina and the
U.S. The use of fossil fuels, pesticides and phosphate fertilizers are important influencing
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factors in the Life Cycle Assessment. There is a need to diversify the raw material, for ob‐
taining biodiesel to avoid overuse of soil and other environmental considerations that are
practice-based agricultural monoculture. A biodiesel involvement of second and third gen‐
eration would therefore be relevant.

6.1. Environmental burden – Flow of materials

Environmental impact per mass and energy units. This was determined through the flow of
the mass vector, for which the following was taken into account: each flow in the process
(Kg.s-1) is associated to an eco vector v, which elements are expressed in mass (Kg of the pol‐
luting agent per Kg of the product) or in energy (Kj. Kg -1 ).

6.2. Energy balance

Coefficient of measurable energetic flow that goes in and out of the biodiesel Life Cycle to
determine the quantity of renewable energy that is accumulated in each gram of biodiesel
per unit of not renewable energy wasted during its life cycle. This was carried out through
the Input/output Ratio connection, from the vector flow for energy (Harding et al, 2008)

To assess the impact of the Life Cycle the SIMAPRO LCD software, version 7.0, was used.
This is a model of an environmental mechanism which implies three main factors: the geo‐
graphical characteristics, the elements to be used and the applied technology. An analysis of
the inventory was carried out in the field in order to do so, and the following aspects were
taken into account:

Energy income: (water steam, electricity, fuels)

Products – by-side products

Raw material income (sunflower seeds, oil, methanol)

Auxiliary income (acids, fertilizers, pesticides, water-soil use)

Waste (urban solids, industrial solids, dangerous solid)

Emissions to water, air and soil (gas, liquid effluents, sunflowers pellet, pesticides contain‐
ers)

Assignment method: the assignment methods used were the quantification (mass quantity,
using scales), the estimation (from the estequiometric connections) and calculation (heating
power of the used energy).

The proposed units for each category are valued according to the description factors and the
corresponding formulae, and impact graphics of the three protection areas pointed out by
ISO 14040 were generated: human health damages, resources and ecosystem quality. The
description enhances the analysis of the impact of biodiesel upon the affected environmental
factors through descriptive factors for each component. Categories such as Never: with fac‐
tor=0 with results=0 are omitted.
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The next graph shows all the effect categories. Since these are expressed in different units,
they are shown in a percentage scale. They indicate the relative contribution for each phase
of the product (11 phases).

Figure 8. Results obtained from the description of impacts in the Life Cycle of Biodiesel.

Sunflower oil is the most relevant since it is present in all the impact categories, which indi‐
cates that the raw material is fundamental in all the soil, ecotoxicity and ozone layer impact
cycles, among many others.

6.3. Impact valuation using normalization and weighting

Assessments were obtained by weighting and by unifying the characteristics in the protec‐
tion areas. The most important areas were human health, with 40% of importance; the quali‐
ty of the ecosystem, with 40%, and 20% for the resources. The results are shown in the
following figure:

The quality of the ecosystem is highlighted as the most affected area in the graph, and the
sunflower oil, which is the raw material, is the most important factor. This can be observed
in the three areas, but the human health and the resources are less affected. However, when
dividing the same factors by a normal value (normalization), there are not significant differ‐
ences between one and the other form of valuation.

In the implicit ranking of this classification, it is evident that the primary sector determines
massive intervention processes and transformation of elements, and natural processes. The
secondary sector, through its emissions, effluents and waste production, generates an im‐
pact that is, at first sight, less evident, but it may be more dangerous, for there are new fac‐
tors which are dangerous for the human health or the environment. Finally, a big deal of the
tertiary sector generate moderate impacts, with transport as the exception (Pérez, 2007).
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Figure 9. Results obtained from the assessment of impacts of the Life Cycle of Biodiesel (Weighting)

Both assessments show the contributions of the negative impact in the quality of the ecosys‐
tem mainly connected to soil erosion. Thus, the use of the land to be used for raw material
production should be the first thing to take into account when implementing biodiesel. The
seriousness of these impacts depends on the crops expansion and the environmental goods
and services that provide the affected ecosystems (Blanco and Azqueta, 2007).

6.4. Damage assessment

Damage assessment results are shown in graph 26, and consist of the relative contribution of
the stages of the Life Cycle in negative impacts on the environment and affect the three pro‐
tection areas issued previously.

Figure 10. Environmental Damage Assessments in the Life Cycle of biodiesel.
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Sunflower oil (integrated in the agricultural phase) has a 100% effect in the quality of the
ecosystem, a 60% effect in human health and a similar percentage in the use of resources.
Most of the environmental negative impacts start in the agricultural production of the oil,
linked to the intensive use of agrochemicals, soil erosion and overexploitation of the resour‐
ces. Such situations are derived from specific local conditions and are therefore not general.

This may be due to the huge quantity of soil (natural resources) that is used to grow sun‐
flowers and to the agricultural practices which include the use of pesticides that may affect
the state of the environmental conditions of nearby ecosystems mainly in terms of biological
quality; for the use of pesticides is linked to soil, water and biota pollution in bio-accumula‐
tion processes, and in high concentration it may provoke great damage in human health
(Timmer, 2002).

6.5. Singular rate

A singular indicator of the impact of the Life Cycle was obtained when the description,
weighting and year evaluation were integrated (figure 11). In this indicator there are two
processes to be considered: sunflower oil and imported methanol.

Figure 11. Indicator of the Life Cycle of Biodiesel.

The first one is highly relevant (EPA, 2002), because this would be the indicator of the Life
Cycle in which almost all of the impacts affect, being the quality of the ecosystem the most
affected protection area by the production and use of sunflower biodiesel in Paraguay.

7. Conclusion

The energy balance is positive; indicating that under the considerations made in this study,
the energy system is efficient. This is due to the relationship between energy generated and
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consumed is greater than one, implying that the system meets the energy function. The envi‐
ronmental impacts evaluated in the biodiesel life cycle phase is related to agricultural eco‐
system quality being the most affected area of protection. It affects 100% of the impact
factors which influence the use of fossil fuels, pesticides and phosphate fertilizers. Besides
the lack of treatment of discharges and waste in the industrial phase, high use of natural re‐
sources (land) is another important factor to consider but biofuels may represent a valid al‐
ternative energy if there are any mitigating impacts taking into account environmental
considerations mentioned.
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