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ABSTRACT

The Kyoto protocol and thEU Directive 2009/28/EC focus their attention oe tieduction of greenhouse
gases (GHG) emissions. The use of biofuels in tdw@sport sector is one of the main measures prdpose
This paper evaluates the environmental impacteims of GHG emissions, of the production and udse o
rapeseed biodiesel, comparing the results withvexational diesel. The methodology used is the Cyele
Assessment (LCA). The results of the analysis shmat the production of rapeseed biodiesel entails a
substantial reduction of the GHG emissions compaoethe diesel production system. Furthermore, the
agricultural phase is identified as the processiwiauses the largest amount of GHG emission®ufidsel

life cycle. Therefore it could be possible to impecfurther the environmental performance of bioelies

intervening properly at that stage.

Keywords: Biodiesel, Sustainability criteria, GHG emissiobh€A

1. Introduction

Alternative fuels for the transport sector are gajngrowing attention as a means against fossil fue
dependence and towards greener forms of energyheAsame time, however, they are surrounded with
doubts concerning sustainability of their productio

In recent years, the production of energy from weatde sources has been stimulated through polimés

at international (Kyoto Protocol) and European I€iérective 2009/28/EC).

Biofuels for the transport sector (e.g. bioethabaldiesel) are today a subject of intense disounsand their
role is ambivalent. On one hand, they represeimstrument against the dependence from fossisfart a
key to reduce carbon emissions. On the other,Haatliel production from crops is criticized farcreases

in food prices and food insecurity (Abbott et @D11). Furthermore, land use changes and inteasdit of
cultivation following the increasing demand for foiels may cause new GHG emissions and affect the
biodiversity, the soil quality and the natural res@s in a region (Perimenis et al., 2011).

The present paper, taking into account the debatececning biofuels sustainability, evaluates the
environmental impact of biodiesel in terms of GHf@issions, comparing the results of biodiesel from

rapeseed with the ones of conventional diesel.niéodology used is the Life Cycle Assessment (LCA)
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2. Sustainability criteria: from field to wheel

Biofuels, which can be solid, liquid or gas fuekrided from biomass, are internationally recogniasd
having a clear role in the reduction of greenhayse (GHG) emissions and for energy security (Khatina
al, 2010).

However, as the popularity of biofuels has growsme authors point out that not all biofuels pathsvay
guarantee the same net benefit for the environgsms et al., 2010; Lankoski et al., 2011).

Moreover, the current debate focuses on the pessdgative social implications, especially land cisgnge
and “the fuel versus food” debate (Diaz-Chavez,1201

These considerations lead to the necessity to denada the effective sustainability of biofuelsvem the
fact that only the ones which are produced instasmable way can be considered truly renewableggne
sources (Glenister and Nunes, 2011).

Biofuel pathways can be considered sustainableey tare technically efficient, economically sustdie,
environmentally friendly and socially acceptabldneTassessment of these sustainability dimensioms is
complex task, because of the big number of biofyrtions in terms of biomass and in terms of diffiere
economic, environmental and social impacts aloegetitire chain (Perimenis et al., 2011).

In June 2009, the European Union launched the RanlevEnergy Directive (RED - Directive 2009/28/EC)
with ambitious targets for all member states. Tle@ive endorsed a mandatory target of a 20% sbfare
energy from renewable sources in overall Commuegiitgrgy consumption by 2020 and a mandatory 10%
minimum target to be achieved by all Member Sthiethe share of biofuels in the transport secto2®20.
Moreover, the RED introduces environmental sushiiitya criteria (Art. 17-18-19- Annex V) for biofuge
that are to be taken into account for the achiewmtrobthe targets. In particular, the sustainapidititeria
introduced by RED are:

* The GHG emission saving shall be at least 35%;

» Biofuels shall not be made from raw material oledifrom land with high biodiversity value as: a)
primary forest and other wooded land, namely foeest other wooded land of native species; b)
areas designated by law or by the relevant competethority for nature protection purposes;
threatened or endangered ecosystems or speciggisab by international agreements or included
in lists drawn up by intergovernmental organizagigfyCN); c¢) highly biodiverse grassland, natural
or non- natural,

« Biofuels shall not be made from raw material okedirfrom land with high carbon stdcknd

peatland.

! Such as: wetlands, continuously forested aread,$panning more than one hectare with trees hitjaerfive metres.
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Therefore, the Member States shall require econopecators to show that the sustainability critegaout
in Article 17 have been fulfilled.
Furthermore, Article 18 of the Directive providéisat the economic operators use a system (defireext m
balance system) which allows consignments of rawer@ or biofuel with differing sustainability
characteristics to be mixed requiring informatidroat the sustainability characteristics and sizethe
consignments.
Starting from the farmer, squeezer, processingtptaaving on to the trading companies that transpor
adapt the product, to the fuel supplier who desveerto a filling station and finally to the fillg station,
every supplier from the field to the end user moi$ér full traceability of sustainability. This cimaof
custody approach means that for any given consighofebiofuels, every detail of its production me#te
required parameters.
In 2010, the European Commission published two Comeations (COM (2010) 160/01 and COM (2010)
160/02) to assist the implementation of sustairtstatiteria.
In order to reduce the administrative burden fayneenic operators, the EU introduced two tools tovsh
compliance to sustainability criteria:

- They can use recognized “voluntary schemes” orateial and multilateral agreements” to show

compliance with some or all of the sustainabilitijeria;
- They can use “default values” laid down in the Diiee to show compliance with the sustainability
criterion on greenhouse gas emissions savings.

Scarlat and Dallemand (2011) propose a review eflgiest developments on the main initiatives and
approaches for the voluntary sustainability cexdifion for biofuels, showing the possible way tdaab the
certification.
On July 19 2011, the European Commission annoutiaefirst seven schemes which have been approved.
Each one has been rigorously checked to ensuraltithie sustainability criteria are covered effiesly by
the economic organizations. The approval is vadidfive years and confirms that the scheme careissu
certificate for a product that is fully assessed ameets all its criteria. These are the voluntaryeses
approved by the Commission:

1. International Sustainability Carbon CertificatidBCC)
Bonsucro (previously the Better Sugar Cane Inueti
Roundtable on Responsible Soy (RTRS)
Roundtable on Sustainable Biofuels (RSB)
2BSvs Biomass Biofuels Sustainability

RED Bioenergy Sustainability Assurance Standard3RB

N o gk~ wD

Greenergy (Brazilian Bioethanol verification proguae).



28th International Conference of Agricultural Econsts
The Global Bioeconomy
Rafain Convention Center — Foz do Iguacu, Brazil
August 18-24, 2012

On April 23 2012, the European Commission also gataed the Ensus voluntary scherm Ensus

bioethanol production.

Novaol srl, which is an Italian biodiesel enterpriadopted one of these schemes which is briefgrieed

in the following paragraph.

2.1 The 2BSvs Scheme

The 2BSvs scheme has been developed by a Consatierench raw materials and biofuels producers and
it is one of the seven voluntary schemes recognizgdhe European Commission on 19 July 2011
(Commission Implementing Decision 2011/437/EU).

This voluntary scheme covers the whole biofuel stdus supply chain, from the biomass producerhi t
final biofuels distributor.

It is applicable to any type of biomass and bidguelorldwide and it covers all the sustainability
requirements included in the European Directive92B8/EC.

This scheme includes the verification of:

1) sustainability criteria set out in Article 17(217(5) of the Directive:

- greenhouse gases emissions;

- conservation of biodiversity;

- conservation of carbon stocks;

- conservation of peatlands.

2) Chain of Custody (connection between raw mdtgriatermediate and final products) with the usa o
mass balance system method and adequate standadépéndent auditing.

In particular, for the assessment of greenhouseegassions criteria, the scheme provides that itts¢ f
gathering entity and the economic operator shafiatestrate that the greenhouse gas emission sdvorgs
the use of sustainable biofuels is at least 35%omformity with the EU Directive. The economic ogiar
shall use the default value provided in part A oofDAnnex V of European Directive, if their raw raasl
has been produced in NUTS2 areas included in shevdilidated under article 19, point 2 of the Ewap
Directive, or if their raw material is imported frooutside the Community, or if their raw materiahsists

in waste or residues other than agricultural, agiha@, fisheries or forestry residues. Whenever th
economic operator wants to use calculated GHG waltlee entity shall use a calculation methodology
approved and recognized by the European Commisgoch is not available at the time of writing ofeth
scheme (2BSvs, 2011).

Since GHG savings represent one of the main rageints of the sustainability assessment of biofaats

the 2BSvs scheme hasn'’t developed a methodologhéocalculation of this parameter, the aim ofgghper



28th International Conference of Agricultural Econsts
The Global Bioeconomy
Rafain Convention Center — Foz do Iguacu, Brazil
August 18-24, 2012

is to give an example of how to calculate GHG eimissavings using the life cycle assessment (LCA)
method.

LCA is considered as a commonly used tool for snaghility studies of biofuels, which includes evatiion

of inputs, products and impacts in all stages efiifie cycle. However, the LCA methodology cannapttire

all the relevant impacts (land and water use asdeis related to indirect land use changes and the
competition for food products) which would requrddroader approach (Requena et al., 2011; Silva &br
al., 2011).

3. LCA methodology

Life Cycle Assessment is a technique used to askessnvironmental impacts of a product, a prooess
service during its entire life cycle from the “cl@y where raw materials are extracted from natural
resources, through production and use to the “grélve disposal or recycling.

The evaluation of the life cycle of a product c#ésoee used to compare two different productiorcesses

in terms of use of resources and emissions.

As defined by ISO standards, a correct LCA analgsissists of four phases: 1) Goal and Scope Defimit

2) Inventory analysis; 3) Impact assessment; £rjmetation.

Each stage is briefly described.

3.1. LCA stages

1) According to the ISO standards (ISO 14041 1988 Goal definition“shall unambiguously state the
intended application, the reason for carrying dwg study and the intended audience” (Baumann gt al.
2003). TheScope definitiorprovides the basis of the study through 5 fundaatesteps: a) Drawing of
initial flowchart; b) Choice of functional unit angference flow; c¢) Choice of impact assessmenhatet
and related impact categories; d) Definition oftegsboundaries; e) Decision on allocation problems.

The initial flowchart is the starting point of tleudy and it shows which processes are involvethén
system and their connections.

The functional unit is the unit of measurement tach all the data relate. It allows the comparisomng
different systems which are functionally equivalesiétermining energy and mass flows in relationtdo
value.

There are two different types of impact assessmagthods: the methods which deal with the impacts
caused by the production processes directly tettveonment (mid points methods) and those deaiiitig

the indirect effects to human health, ecosystenitihaad resources (end points methods). Both ohthee
characterized by impact categories.

System boundaries define the limits of the stuadyirsy for example the processes involved in théesys

(technical boundaries), the time horizon and thegggphical boundaries.
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Allocation problems arise when several productpuis or outputs) share the same process (or more
processes). The ISO standards state that, whepessible, allocation problems should be avoidee nlost
popular method to achieve this goal is the Syst&paBksion, which is based on the idea that the odymts

of the system are considered alternatives to gbheducts with equivalent functions, obtained byeoth
processes (avoided processes) in systems exterrthetone under study. The emissions that would be
released from the production of these alternataresconsidered as a credit and subtracted frontothé
emissions of the system analyzed.

When allocation cannot be avoided, the Partitiommethod should be used; this means that the resourc
consumption and the related emissions must betipagd among the different products in a way which
reflects the underlying physical relationships edw them (i.e. mass, volume, lower calorific vadte).
Where physical relationship cannot be establishedha basis for allocation, the environmental loads
(resource consumption, energy consumption, emissmair, soil and water etc.) should be allocatedng

the products in a way which reflects other relahops between them, for example the economic value.

2) The second phase of a LCA analysis islttventory analysig§LClI). This step includes: the construction
of the flowchart according to the system boundadesded in the goal and scope definition phaseptta
collection of the inputs and outputs flows in eagloduction process and the calculation of the
environmental loads of the system in relation ®ftimctional unit.

3) Thelmpact Assessme(ltCIA) is a phase which aims to describe the mmmental consequences of the
environmental loads quantified in the Inventory Amsé. The ISO standard 14042 divides the Impact
Assessment in four steps: Classification, Charaetéon, Normalization and Weighting, but only tfiest

two are mandatory due to their objective results.

In the Classification step, all the emissions siyatem are assigned to their respective impacgyodes; the
Characterization step uses science-based convdegitors, called characterization factors, to conead
combine the LCI results into representative indicabf the impacts on human and ecological he@lthrén
M.A., 2006). The Characterization provides a wayit@ctly compare the LCI results within each inmpac
category.

4) Life cyclelnterpretationanalyzes the findings of the preceding phasebetf CA, reaching conclusions

and providing recommendations to improve the emvivental performances of the system studied.

4. Case study: LCA evaluation of GHG emissions ofapeseed biodiesel compared with conventional
diesel

The goal of the study is to evaluate the GHG emissiof the entire life cycle of biodiesel from raped
comparing them with the GHG emissions related ¢dife cycle of conventional diesel.

Biodiesel from rapeseed has been chosen becaissthé#& most produced biodiesel in Europe, mixedh wit

soy, sunflower and palm oil.
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The LCA has been implemented using a German saftw@aBi4 and its databases, developed by the
Institute for Polymer Testing and Polymer Scienté®) of the University of Stuttgart.

Some default databases in GaBi4, such as Edu DEXargl, contain within them useful data to suppbg
development of the life cycle of a product.

The data used in this study derive from differemirces: some of them come from the databasesanedti
above; others from the scientific literature, imtjgallar from a study regarding the assessmerttefrhpacts

of rapeseed biodiesel (Mortimer et al., 2003); Iingart of the data derives from NOVAOL srl, aalian

company which produces biodiesel.

Goal and Scope definition
The main goal of the study is to quantify the GH@ission savings deriving from the use of rapeseed
biodiesel replacing conventional diesel.
The functional unit of the study, which is the saoreboth systems, is 1 km travelled by a bus.
As provided by the goal definition step, it's nesay to identify the general characteristics ofhbtite
production systems.
The reference system is the one which produceseeional diesel, with the following assumptions:
» Conventional diesel derives from crude oil refini@yude oil extraction has been made through the
conventional onshore process;
* The processes considered in this work and relad¢al derive from a study on crude oil production
conducted in USA (Sheehan et al., 1998) and fremdttabase Xergi;
» Crude oil, extracted from the wells, is transpottiethe refining plants via pipelines, for an aggra
distance of 100 km;
» Diesel, obtained by the refining process, is edrrio the distribution plants via trucks with a
capacity of 40 tons, for an average distance ofkio0
» The last process, diesel consumption, refers temmasions due to bus transport for 1 km (Mortimer
et al., 2003).
The system studied is rapeseed biodiesel withath@fing assumptions:
* In 1 hectare of agricultural land, rape is cultaditin the system of diesel production this area is
maintained set aside;
* Land use changes, including the shifting from stteato cultivation of rape, are not taken into
account in the environmental impact calculations;
* Raw seeds, obtained in the agricultural phasegarésd via trucks with a capacity of 7,5 tons;
* The chemical extraction of oil from seeds takeselrough the use of hexane as solvent;
» Biodiesel is carried from the transesterificatidants to the distribution plants via trucks with a

capacity of 40 tons, for an average distance egquEd0 km;
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» ltis considered the use of pure biodiesel (B10G)t is not mixed with fossil fuels;

* Tailpipe CQ emissions during the combustion of biodiesel avesmlered to be equal to zero,
assuming that the quantity of G@leased in the atmosphere is equal to the quatigorbed by the
plants during their growth

* There are no emissions of sulphur dioxide {S82cause biodiesel doesn’t contain sulphur.

Flowcharts analyze the entire life cycle of bothteyns (diesel and rapeseed biodiesel) (Figg.1 and 2
Figure 1 shows the sum of the processes involvetthénproduction and in the final use of conventiona
diesel (Well-to-Wheel approach). The first stegghie extraction of crude oil from the wells whiclves a
mix of crude oil, natural gas and water. From tkpasation process, crude oil is obtained as ther mai
product and natural gas as co-product. Crude aihisied via pipelines to the refining plants irder to
obtain diesel, which is carried to the distributants via trucks.

In the utilization phase, only the quantity of dieseeded to cover 1 km by bus (functional unit) is
considered, that correspond to 0.3 kg of dieset¢Ra2009).

In Figure 2, the chain of production and utilizatiprocesses of rapeseed biodiesel is reportedhdn t
agricultural phase, raw seeds are obtained as pnagtuct and straw as co-product. Raw seeds muchtidod
and stored before the extraction step that canlgeigal (pressing) or chemical (solvent extraction)this
study, a chemical extraction using hexane as sbh&s been considered, obtaining raw oil as maodysst
and rapeseed meal as co-product, which can befarsadimal feeds.

Subsequently raw oil must be purified and refinéith whysical and chemical treatments, in orderdioieve

a high quality product and to remove impurities ttemn lead to low yield of biodiesel.

Refined oil can't be used in diesel engines becafiis high viscosity and so the transesterifimatprocess

is necessary to obtain a product with propertieslar to conventional diesel.

The main co-product of the transesterification $seglycerine, which can be used in different feetdich as
industry (e.g. pharmaceutical and cosmetic seatud)agriculture as an additive for phytoiatric prcts.
Biodiesel is then carried via trucks to the disttibn plants, in which only the quantity neededawer 1 km

by bus (functional unit) is considered, that is Kgdof biodiesel (Branco et al., 2006).

? We underline that the Calance is not exactly zero, since the crop residun the ground determine an emission of carbon
dioxide.
9
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Figure 1: Initial flowchart of diesel life cycle
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Figure 2: Initial flowchart of biodiesel life cycle
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The impact assessment method (EDIP Ip8@s been used in thist study. Considering thé, gody the
Global Warming Potential category (GWP) has bedw®rtain account, which depends on the level of
greenhouse gases in the atmosphere, measured,iaq0®alents, following the Characterization indoca
provided by IPCC (100 years range). The greenhgases quantified are: carbon dioxide @Z®nethane
(CHg,) and nitrous oxide (pD).

In the diesel life cycle, just one allocation praibl has been identified, which raises in the prooéssude

oil separation from natural gas, in which crudeoibbtained as main product and natural gas gsaauct.
The System expansion method has been used to thadvallocation problem, including in the systere th
process of Avoided natural gas extraction, tak@mfthe database Xergi in GaBi. In other words, the
production of natural gas during the extractiorciefde oil, means that it won't be necessary tofugéer
energy and raw materials to obtain that specifantjty of gas, eventually produced by another sgste

While three allocation problems occur in the bigdidife cycle.

The first one appears in the agricultural phasesreimapeseeds is obtained as main product, whiobne
an input in the subsequent drying phase and stsaso-groduct.

This allocation problem has been solved throughRb#itioning method, determining the percentage of
rapeseeds and straw (in terms of mass) with respdbe total; subsequently, all the inputs angots of
the process have been re-calculated using thergageerelative to rapeseeds.

The second one occurs in the solvent extractiosegha which raw oil is produced as main produa an
rapeseed meal as co-product. Rapeseed meal caedbasifeed for animals substituting another fieetthis
case, the System expansion method has been afipkedhstitute soybean meal, produced in anothéersys
with other processes, with rapeseed meal.

The third allocation problem arises in the transéfatation process, where biodiesel is the maodpct and
glycerine is produced as co-product. This probleas heen solved through Partitioning, calculating th
percentage of biodiesel and glycerine, in termsa$s, respect to the total. All the inputs and wistpf the
process have been re-calculated using the pereeatdgodiesel.

The partitioning method states that this allocapencentage must be use to re-calculate all thetsngnd
the outputs of the previous processes until regcamother process which produces a different cdymb

In this case, the inputs and the outputs of thairgf process have been re-calculated.

5. Discussion of results
The life cycle impact assessment (LCIA) aims atcdbsg the environmental consequences of the

environmental loads quantified in the inventorylgsia (LCI).

3 This impact assessment method, belonging to thke puints methods, is divided in seven different actpcategories: global
warming potential, nutrient enrichment potentiajmfan toxicity, ecotoxicity, ozone depletion potahtiacidification and
photochemical oxidant potential.

12
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In this phasethe most significant results are those derivingnfrihe Classification and Characterizat
steps.

Figure 3 show the results of the Characteriza, elaborated with software Gal, which states that the
diesel life cycle, from its production to the fingde in a bucovering a distance equal to 1 km, produc.1
kg of CQ equivalents.

In the biodiesel life cyd, using the same parameters, a lower ' is obtainedsincegreenhouse gases are
released for a total of48 kg of C(, equivalents.

In substancethe use of rapeseed biodiesel instead of corosaltdiesel entails a 56% saving of greenhc
gases emissions.

It's important to underlinghat this result doesn’t consider the impact causedand use change, whi
would bring to an increase of G@missions and therefore to a reduction of the ggp@rcentage present
above (Edwards et al., 2010).

This percentage is in line witime standard and default values reported inEoeopean Directiv 2009/28
(Annex V), in which the averagsaving due to the use of rapeseed biodiesel isdeetv88% and 45 and
with the study conducted Rutz et al., 20C, which showghat saving of emissions of rapeseed biodi

compared to diesel vary from 40% to 7(

Figure 3: Characterization —Global warning potential (GWP 100 years) [kg (O, equiv.]

1.2

1

0.8

0.6

kg CO, equivalents

Diesel Biodiesel

It seems to be relevant also to identify processes in the life cycles of diesel and rapebemtiesel tha
have a major influencen GHG emissior.
LCA analysis givesignificant results for botthe production systems (diesel and rapeseed biod shown

in Figures 4 and 5.

13
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Figure 4: GHG emissionsn every proces of diesel life cycle
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Figure 4 shows thahe process which ers the most quantity of GHG is tikénal use, that represents :
combustion of diesel in a bukiring a ride 1 km long, with a percentage of ain@3 of the total; it i
followed with percentages much more lower by théiriReg process (1.4%) and the Crude oil extracti
process (8.1%). Whilene Separation phase and, in particular, the Dieansportation phase ses to have

a very marginal importance respect to the 1

Figure 5: GHG emissionsin every proces of rapeseed biodiesel life cycle
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H Transesterificatic

H Biodiesel transportatic
M Final use

M Seeds transportati

¥ Drying

M Storage

M Solvent extractio

M Refining

i Agricultural phas

In the rapeseed biodiesel systehg process thicauses major GHG emissions is the Agricultural elfor
the production of rapeseeds (68%), which inclutlesemissions due to the production of nitrogenlifeat
(Figure 5).1t is followed by the Transesterification proce$8%) andby Solvent extraion (8%). All the
other processes presentich lower percentages emissions.
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The emissions released through combustion in aubicéngine are similar to those in a diesel engine.
However, the value of GHG emissions registeredhim biodiesel system is lower because it has been
assumed that tailpipe emissions of carbon dioxideegual to the quantity of G@bsorbed by plants during
the agricultural phase.

The use of biodiesel, instead of diesel, also Bngalvantages in terms of other gases emissionh, agia
40% reduction of carbon monoxide emissions (CO) artb-20% reduction for hydrocarbons emissions
(HC).

Particulate emitted by biodiesel is less dangetbas the one emitted by diesel because it is madedgger
particles and it is more difficult to inhale. Moxa, biodiesel doesn’t contain sulphur, avoidinghpems of
sulphur dioxide emissions (90

The only disadvantage connected to the use of ésetliis an increase of nitrogen oxides emissiafs (

13%) with respect to diesel, which are one of tlistdangerous compounds (&TI1999).

6. Conclusions

The GHG savings is one of the major indicators tified to assess the environmental sustainability o
biofuels, respecting the provisions of EU DirectiRED.

Economic operators could satisfy the sustainabdifferia through certification which is able tosase a
market advantage and to make them recognizabhetsdciety.

The GHG calculation is necessary to implement éfioation scheme and LCA tool represents one ef th
common methods used for this purpose.

The present study demonstrates that the use ofeagebiodiesel represents a good opportunity fer th
achievement of the European goals in terms of GHiWés®ons reductions, considering a saving of
emissions, measured in g&yuivalents, of 56% respect to conventional diesel.

However, this result does not take into accountribgative environmental impacts caused by land use
changes (direct and indirect), which would leadatavorsening of the budget of the greenhouse gases
emissions, resulting in a decrease in the percerdhthe estimated saving.

The estimated results of the analysis of the GHGs&ons in every single process in both production
systems, are similar to the conclusions that caoulned in literature.

As Table 1 shows, in the conventional diesel Ifele, the estimated percentages per process (FHguase

similar to the ones reported in the study of Geklest al., 2008.

* Comitato Tecnico Italiano (CTI): http://www.cti2000.i
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Table 1: GHG emissions in every production procesd diesel

Life Cycle Stage Diesel
Crude Oil Extraction 7%
Crude Oil Transport 1%
Refinery Operations 10%
Diesel Transport 1%
Combustion of Diesel 81%

Source: Gerdes K. et al., 2008

On the other hand, in the rapeseed life cycle ptiseess which causes the highest GHG emissiort®is t
Agricultural phase (68%). This result is cohereithwhe results showed in the study of Mortimer (koer

et al., 2003), summarized in Table 2. Despite sdiffierences, the results of this study are notifferént to
the ones obtained through the present LCA apptinati

Table 2: GHG emissions in every production process of biodsel

Life Cycle Stage Biodiesel
Agricultural phase 57%
Transestesterification 25%
Solvent extraction 8%
Drying 3%
Transportation 2%
Refininig 2%
Distribution 2%
Storage 1%

SourceMortimer et al., 2003

High levels of GHG emissions in the agriculturabpé depend mostly from the production and the fise o
nitrogen fertilizer. From a simulation with GaBi#, resulted that total GHG emissions of the system
including the production process of nitrogen femtit (0.48 kg of C@ equivalents) are almost twice the
emissions of the same system without that prode26 kg of CQ equivalents).

Therefore, the saving percentage of GHG equal &,5uld be improved intervening properly in this
phase, for example limiting the use of nitrogerilieer, but also of other chemical products astipakes,
fungicides, herbicides ensuring a sustainable potichu process.

Moreover, it's relevant to underline, looking atese results, that the use of a biomass differamn fr
rapeseed, such as soybean, could avoid emissibtepr® due to nitrogen fertilizatioifnentel and Patzek,

2005)
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