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ABSTRACT. In the aviation sector, the use of biofuels has increased worldwide,therefore, this study assesses the environmental impact of thesemass-based blends,named BK0, BK10, BK20 and BK30, according to their composition (Biodiesel +Kerosene) and the percentage of mass fraction. The study uses life cycle analysiswith the SimaPro software and the Ecoinvent database for Colombia. The stagesof cultivation, oil extraction and refining were established for biodiesel, while forthe kerosene the stages defined were crude oil extraction and its refining. Resultsshow that the stage with the greatest impact is the cultivation and extraction forboth the category of freshwater ecotoxicity, acidification and terrestrial eutrophi-cation.
keywords: Biodiesel, Freshwater Ecotoxicity, Acidification, Terrestrial Eutrophica-tion, Life Cycle.
RESUMEN. En el sector de la aviación, el uso de biocombustibles se ha incremen-tado a nivel mundial, por lo tanto, se evaluará el impacto ambiental de estasmezclascon base másica, llamadas BK0, BK10, BK20 y BK30 de acuerdo con su composi-ción (Biodiesel + queroseno) y con el porcentaje de fracción másica presente. Elestudio utiliza análisis de ciclo de vida con el software SimaPro y la base de datosEcoinvent para Colombia. Se establecieron para el biodiesel las etapas de cultivo,extracción de aceite y refinación, para el queroseno se definieron las etapas de ex-tracción del crudo y su refinación. Se evidencia que la etapa que mayor presentaimpacto es el cultivo y la extracción tanto para la categoría de ecotoxicidad de aguadulce, acidificación y eutrofización terrestre.
Palabras clave: biodiesel, ecotoxicidad de agua dulce, acidificación, eutrofizaciónterrestre, ciclo de vida.

1 | INTRODUCTION
Aviation emits 820 T of CO2 per year, which correspond to 2.5% of global emissions, and only 5% of commer-cial aviation uses alternative fuels [1, 2, 3, 4, 5, 6]. Therefore, th use energy from neutral or negative coal isvital, as more air traffic is expected in the upcoming years. Currently, projects and tests with biofuels are beingcarried out for the aviation industry, mainly in Russia, the United States and Brazil [7] [8]. Globally, biofuelproduction is derived from agricultural crops, especially sugarcane [9].
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Different companies worldwide are producing and marketing worldwide the bio-biokerosene, such as Agri-soma Biosciences, SG Biofuels, AltAir Fuels, Amyris, Gevo, Virent, Petrobras, Neste Oil and Rentech. How-ever, in Colombia no biokerosene is produced commercially and the main biofuels produced in the country areethanol or fuel alcohol and biodiesel [10].
In Colombia, 87% of biodiesel production is made using African palm. Biodiesel has also been obtainedfrom fig seeds and other raw materials such as sunflower, soy and rapeseed oils, and animal fats [10]. Despitethe waste problem generating acids that are more difficult to treat in the transesterification stage (Sajid &Khan, 2016), Colombia ranks 13th worldwide and 3rd in South America with a production of 8500 barrels perday. Even though the study of other energy sources in various systems has been the focus of many studies[11, 12, 13, 14, 15], the use of biomass remains attractive.
Currently, blends of kerosene with biodiesel are being used as alternative fuels for the aviation sector,although it is critical to consider the viscosity of the blend, the freezing point, melting point, boiling point andmiscibility in these blends [16].
Life cycle analysis covers all the processes of a product, from the extraction of materials, conversion, re-sources and final disposal. It is based on the standardNTC-ISO14040, which defines themethodology, analysisand calculation of impact. Some studies have been developed in the aviation sector using life cycle analysis.
Life cycle analysis aims to determine the environmental impact of palm oil biodiesel, using different impactcategories such as climate change and ozone depletion. Some authors have found that the greatest impactis on the category of climate change in the stages of transesterification due to the consumption of energyand materials [17]. Other studies have also found impacts at this stage [18]. A research using the Ecoinventdatabase and the global warming and accumulated energy potential method found that the use of biodieseldecreases emissions by 85% [19]. However, studies on biodiesel production have proved that one of thegreatest impacts is in the use of fertilizers at the crop stage [20].
This research evaluates the environmental impact of the production of biodiesel from different blends ofJET A1 BK10, BK20, BK30, BK100 and BK0 in the stages of cultivation, extraction, esterification, refining andextraction of oil through a life cycle analysis using Scimapro® software to model the stages of the process.The impact categories with the highest values were considered, such as acidification, freshwater ecotoxicity,terrestrial eutrophication, land use, and water use. Unlike other studies found, this research evaluates morecategories in order to have a wider spectrum of impacts.

2 | MATERIAL AND METHODS
2.1 | Fuel blends
Four types of blends were used for each work run in the bench tests of the PT6 engine. As nomenclature forthe research work, the mass-based blends of kerosene and biodiesel fuels will be identified as BK #, where:

B represents biodiesel as secondary fuel K represents kerosene, which is the primary fuel, and finally #represents the percentage of mass fraction of biodiesel that is in the blend.
The current study evaluates blends BK0, BK10, BK20 and BK30.

2.2 | Impact assesment
To assess several impact categories, the method used was ILCD 2011 Midpoint + V1.10 / EC-JRC Global,equal weighting, which is incorporated into SimaPro®. For this study, the categories used are climate change,acidification, land use, water use, ionizing radiation, eutrophication and fresh water.

The Ecoinvent v3 databasewas selected to take information about the production of biodiesel and keroseneJet A-1 at their different stages from cultivation and transport of the crop to oil extraction and refining.
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2.3 | Material balance
A review of the biodiesel production stages was made from documents, field lists and research articles. Spe-cific characteristics and data of the process were determined such as energy and cultivated areas. Data ofColombian research were reviewed, but also from other countries where it was necessary to deduce somedata, based on the available information.Mass balance systems were calculated taking into account the production of 1 kg of biodiesel to determinethe associated impact. Fig. 1 shows a general scheme of biodiesel production at its three stages, with its maininputs and outputs. Biodiesel production begins with the cultivation stage. At this stage, the soil is adapted,and fertilizers are applied. Then, in the oil extraction stage, fruits are transported from the crop to a plantwhere sterilization and smoothing processes are used to facilitate their extraction. In this phase, all organicwaste is removed and the generated waste is sent to processes of treatment.Transterification is the process where a reaction takes place between palm oil and an alcohol, which canbe methanol or ethanol, in the presence of a catalyst that can be sodium hydroxide (NaOH) or potassiumhydroxide (KOH). The reaction yields as product the alkyl esters, which constitute the so-called biodiesel andglycerin [9]. After this process, the biodiesel is separated from the glycerin and purified by different methods[8].

F IG . 1 Biodiesel Matter Balance. F IG . 2 Biodiesel Matter Balance
Fig. 2 shows the production of kerosene, which begins with the extraction of oil from the well. Then, theoil is taken to a refining plant where it enters a desalination process where the salt of the crude oil is removed.Subsequently, the crude oil is heated by a heat exchanger and enters a distillation tower.The second fraction, which is approximately 33% of the crude oil input, is the raw material for the pro-duction of aviation fuels. This fraction is further processed in a hydrotreator to become kerosene and specialsolvents, followed by the fraction called "fuel oil" or "medium distilled base oil" that includes diesel and heatingfuel.Kerosene is generated as a direct fraction of distilled crude oil at a boiling point that varies from 205 °C to260 °C. The input data for the simulation were calculated based on the production of 1 kg of kerosene.Once each production process has been modeled and included independently of kerosene and biodiesel,the results of the different impact categories of each fuel are analyzed to verify its impact by mixing the massproportions BK0, BK10, BK20 and BK30

2.4 | Result and Discussion
With the life cycle analysis, not only the environmental impact is established, but also information on theimpact can be obtained in three fronts, therefore, the damage to the availability of resources is assessed in thefollowing categories: water resource depletion, freshwater ecotoxicity and land use. Regarding damage to theecosystem, the categories analyzed are terrestrial eutrophication and acidification. Finally, in health damage,the category is climate change.In the impact category of freshwater ecotoxicity, Fig. 3 shows that for the BK100 blend, a high value of
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(0.72% CTUe) is presented in the cultivation stage, which is due to the amount of fertilizers such as phosphatemonoammonic N and P, and triple superphosphate. According to inventory data from studies for palm oil [21],fertilizers contain toxic elements that pollute the water. At this stage, as the blend decreases, the impact alsodecreases from values of BK30 (0.50% CTUe) to BK10 (0.05% CTUe), since less palm kernels are cultivated.In the transesterification stage, a similar behavior to that of the cultivation stage is presented, as the blendalso increases the impact. The reason is that additives, such as methanol and sodium hydroxide, are requiredto produce biodiesel, which generates liquid waste in BK 100 (0.16% CTUe ), BK 30 (0.11% CTUe) and BK20(0.09% CTUe). For oil extraction, the values are BK0 (0.75% CTUe) and BK30 (0.23% CTUe), that is, whenmore oil is extracted, the impact increases, since the extraction processes affect water sources.

Fig. 4 shows the impacts for the water resource depletion category. The greatest impacts for this categoryare during cultivation (1%m3water eq for the BK 100 blend) , due to the high consumption for the cultivationof these plantations, and in the extraction stage (0.34%m3 water eq for all blends), due to the smoothing andsterilization processes. In the transesterification stage, there are no impacts on water since its impact is moreassociated with the use of catalysts and chemicals for the reaction. In the refining stage, a large amount ofwater is consumed for desalination, vapor extraction and fractionation processes of crude oil.

F IG . 3 Freshwater ecotoxicity. F IG . 4 Water resource depletion.
Fig. 5 corresponds to the category of land use. The impacts of oil extraction are observed with valuesbetween in BK 20 of 8.22% KgC deficit and in BK 10 of 2% KgC deficit. This can be due to the impact ofextracting oil from the soil, since soil properties are affected by the processes to open it and remove the oil.
According to the land use category, at the cultivation stage this type of technologies has a positive impactsince this type of palm kernel crops can improve the local economy and avoid other impacts to the soil bymining, oil extraction and construction. Currently, the land use is changing to palm oil crops, which haveincreased between 40 and 60% [19] in the country. As shown in Fig. 5, there is no negative impact in thisaspect, except for the stage of oil extraction.

F IG . 5 Land use. F IG . 6 Terrestrial eutrophication.
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Fig. 6 shows the impacts on the terrestrial eutrophication category. As in the freshwater ecotoxicity, thegreatest impacts are at the cultivation stage. The higher the blend is, the higher the impact: the blend ofBK100 has a value of 0.80% molc N eq, while the lowest blend (BK10) has a value of 0.33% molc N eq,which indicates a considerable decrease. As reported in other studies [22], this can be due to the presence ofnitrogen in most fertilizers, which causes eutrophication to water and soil. In the extraction stage, there arealso impacts especially for the blend of BK100 (0.14% molc N eq). Low values of BK 10 (0.05% molc N eq)are observed in this stage. In the oil extraction stage, there are low values between BK0 (0.26% molc N eq)and BK30 (0.07% molc N eq), since no chemicals are used.
In the category of acidification, Fig. 7 shows that the highest values are still present in the cultivation stagefor BK 100 (0.83% molc H + eq) and for blends of BK10 (0.13% molc H + eq). Unlike the other categories ofimpact, in the oil extraction stage, the impact increases as the blend decrease, since at this stage impacts aregenerated by the oil, gas and sediments that affect the soil (BK0 0.63% and BK30 0.13% molc H + eq). In therefining stage, the impact values are similar (BK0 0.37% and BK30 0.22% molc H + eq), due to the chemicalsused for Kerosene production. These results contrast with the literature found, where high values are around95% for this category of impact in Colombia, particularly at the production stage [17]. At the level of LCAstudies, the greatest impacts are presented in this category [20]. The challenge of the use of biofuels is notonly associated with their production, but with everything that involves their obtention, including cultivationtechniques, irrigation method, type and origin of fertilizers, rotation time of plants in the crop. All these factorscan affect the ecosystem and change its properties. In the case of soil macronutrients (carbon, calcium andmagnesium), they must be preserved. Fig. 8 shows the results of the climate change category, where thegreatest impact occurs in the cultivation stage for BK20 (26.18% Kg CO2 eq), due to the release of CO2 intothe atmosphere. With a lower blend, it has less impact (Bk10= -1.68% Kg CO2 eq). At the other stages,there is a significant impact, although it decreases in the cultivation stage, as CO2 is retained in the process ofphotosynthesis in the plantations. Brazil produces energy from waste rather than from plantations, thereforeit has fewer impacts at the cultivation stage [23]. In contrast, Colombia uses many fertilizers to obtain biofuels,as shown by the category of acidification and eutrophication, which represents a great impact at the cultivationstage.

F IG . 7 Acidification. F IG . 8 Climate change.
As explained before, one of the biggest impacts of the use of biofuel blends is in the cultivation stage, be-cause the oil palm needs herbicides and fertilizers to avoid weeds growing around these plants. This has beenreported in other studies (citation to comparison). In consequence, other plants such as jatropha, higuerilla,sunflower seeds [20] and higuerilla Brasil, or even residues have also been targeted.
It is worth noting that each type of plant has its own advantages and disadvantages. For example, althoughjatropha needs no herbicides at the cultivation stage, it requires further processing in the transesterificationstage. For this reason therefore, crops to produce biodiesel must be diversified, as suggested by César, Batalha,and Zopelari (2013). In the case of palm oil, these crops could be alternated with plants that provide nutrientssuch as nitrogen, and also rotate the crops to avoid soil degradation.
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It is imperative to improve the methods of cultivation and the use of fertilizers, because studies agree thatthe techniques are linked to the impact. There are still many fertilizers that are imported, for example, Brazilimports 50% of the phosphate and 90% of the nitrogen [23], therefore the impacts are not only on the crop,but also on the air due to the emissions when transporting them. Researchers must look for biodegradablefertilizers with less impact on the soil, and evaluate the potential of each zone and the types of plants for theproduction of biofuels. It should also be noted that the extraction stage has a significant impact, therefore,different conversion alternatives to transesterification should be developed. Other alternatives that have beenproposed are microwaves and ultrasound [18], the use of chemicals such as methanol and sodium hydroxide,or strategies that allow the reuse of waste material. In this study, different impact categories are assessedfrom those that are most commonly used such as land use and climate change. For example, water ecotoxicityand water resource depletion have been scarcely implemented. These categories give a broader overview, inaddition to show the effects focused on the water resource.

3 | CONCLUSIONS
The stage of cultivation is the one with the greatest impact according to the categories of impact of acidifi-cation, terrestrial eutrophication, and freshwater ecotoxicity. Therefore, inputs or fertilizers and agronomictechniques for crops should be reviewed.At the ecosystem level, there are significant impacts on the soil, since it is acidified, which can lead toproperty losses, and therefore, the need of fertilizers. At the level of resource availability, water can be affectedsince large quantities are demanded, both for the cultivation processes and for the extraction of oil.Since increasingly more areas are dedicated to the cultivation of oil palm, this type of studies should bewidely performed in order to determine the impacts and take measures of impact mitigation at each of itsstages.
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