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Abstract. Microalgae culture has been used to obtain biomass to produced biofuels and other bio-products, such as
antioxidants and food. One of the ways of growing microalgae is through compact photobioreactors (PBR), where
environmental conditions can be controlled and the culture can be prevented from undesired pathogenic contamination
and water evaporation, which could reduce the quantity of biomass obtained. To become cost effectively, the
cultivation of microalgae in photobioreactors must be performed in large volumes to obtain enough biomass and,
consequently, large amounts of biofuels can be produced. Besides the quantity of biomass produced, researchers are
aware of the biomass lipid content, which as high the content the better is to produce biodiesel. This work brings an
inoculation of a 10 m3 PBR to obtain biomass from the microalgae specie Acutodesmus obliquus. The inoculation was
performed with 500 L of swine sewage, which contain nitrogen and phosphorus that are important elements for
microalgae metabolism and, at the same time, cannot be displaced in the environment without a previous treatment.
The PBR was analysed during 19 days in terms of numbers of microalgae cells (number of cells.L), biomass
concentration (g.L™) and absorbance of 540 nm light. After the cultivation period, biomass lipid content was analysed
and the result found was 16.07 + 0.43 %.The final biomass concentration in this 10 m® PBR was 0.270 + 0.009 g.L ..
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1. INTRODUCTION

The continuous increase in the world population over the last decades has been lead to an increase demand for
energy as well. Nowadays, the most common ways of energy sources been used are those derived from fossil fuels,
which are not renewable and are consumed at 10° higher rate than the nature can replace (Netravali and Chabba, 2003).
The concern about the reduction of availability of such fuels in a near future is pushing scientists and researchers to
develop alternative energy sources able to meet global demand; furthermore, these new sources must be renewable and
cleaner than those being used today.

An alternative source of energy with high potential to replace or complement those derived from fossil fuels is the
energy obtained from biomass, especially vegetal and microalgae’s. The biomass energy has an estimated potential for
the year of 2050 as 150-450 EJ, which can meet Brazilian demand for energy, estimated to grow 23-30 % until that year
(Satyanarayana, Mariano and Vargas, 2011; Huber, Iborra and Corma, 2006). Difficulties for obtaining renewable fuel
(e.g., biohydrogen, ethanol, biodiesel), in comparison to fossil fuel obtained directly by mineral extraction, are that
renewable fuel requires energetically efficient systems to comply with the demand, so that the energy balance is
compensatory. Cogeneration, tri-generation or multi-generation systems are possible alternatives to pursue, in order to
reach that objective (Vargas et al, 2014).

Even though the energy obtained from vegetal biomass are considered renewable, the use of such biomass to
produce alternative fuels (e.g., ethanol, biodiesel) has been constantly criticized by part of scientific community because
the soil should be used to grow aliments and not fuels. An alternative to contour this problem is to obtain biomass from
specific microalgae species that have high lipid content and can be cultivated in photobioreactors (PBR). Besides that,
the amount of biodiesel produced from microalgae is higher than those produced from other superior vegetal, such soy,
palm and canola, for example; however, the cultivation of microalgae faces challenges to become competitive to fossil
diesel (Chisti, 2007).

Nowadays, microalgae biomass can be used to produce biofuels, such as biodiesel by the transesterification
process of lipids (Abomohra et al., 2016), syngas by gasification of biomass (Hu et al., 2014), ethanol by biomass
fermentation (Silva and Bertucco, 2016) and gasoline by the cracking of hydrocarbons and isoprenoids (Rohmer, 1999).
In addition to the production of biofuels, microalgae can also perform other functions, such as the use of residual
biomass after the extraction of the oil to produce biogas, biofertilizers or food supplements (Abomohra et al., 2014;
Kim et al., 2015). Depending on the microalgae species, other compounds of aggregate values can also be obtained,
such as polyunsaturated fatty acids, natural dyes, pigments and antioxidants (Dutta and Pal, 2014; Wang et al., 2015).

The advantages of cultivating microalgae in photobioreactors over open race ponds include protection against
undesired contamination and water evaporation that could reduce the quantity of microalgae cells in the PBR (Judd et
al., 2015) and, consequently, the biomass obtained from it. The use of PBRs to produced microalgae biomass includes
several types of designs in order to maximize the CO; gas (naturally presented in the atmospheric air) to the culture
medium (Judd et al., 2015).

The microalgae are photosynthetic unicellular organisms that are used from a range of objectives including not
only the production of biofuels but also the bioremediation of sewage (Lourengo, 2006). Since the microalgae needs
several chemical compounds, especially nitrogenous, phosphorus and carbon, sewage from pig wastes can be used for
growing microalgae in PBR at specific concentration/dilution (Pereira et al., 2016) and for minimizing the cost with
culture medium.

The Self-Sustainable Energy Research and Development Center (NPDEAS) at Federal University of Parana
maintain photobioreactors (PBR) from 500 mL until 10.000 L of culture volume to obtain microalgae biomass and,
consequently, obtain bioproducts from it. The schematic diagram of biomass and bioenergy production presented in
NPDEAS is shown in Figure 1.

This works aims to inoculate a 10 m® photobioreactor with 500 L of sewage from pig waste. The carbon source
was supplied from the carbon dioxide presented in the atmospheric air. The culture medium was analysed during
19days through the growth of cells and biomass content per liter. After the experiment, biomass was obtained and
analysed in terms of its lipid content.

2. MATERIALS AND METHODS
2.1 Photobiorreactor

The photobioreactor (PBR) designed for this experiment has 742 translucid tubes made of Polyvinyl chloride
(PVC). The transparent tubes allow the microalgae perform photosynthesis due to natural exposition of sun light during
the daytime and the injection of atmospheric air. The total volume of this photobioreactor is 10 m® (Vargas, 2013) and
their culture medium stands for approximately 20 days before enough biomass can be obtained from it. Figure2 brings
photography of the photobioreactor used in this experiment.
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Figure 1. Microalgae Biomass and Energy Production System Conducted at NPDEAS.

Figure 2. Compact Photobioreactor of 10 m3

2.2 Microalgae Specie, Inoculation and Culture Medium

The selection of microalgae species for cultivation depends on several factors, including lipid content, biomass
growth rate, adaptability to environmental changes and future application for biomass acquired (Chisti, 2007). The
microalgae chosen for the inoculation is commonly founded at the municipal water supply in Curitiba- PR. Figure 3
shows the specie Acutodesmus obliquus (under microscope observation) used in this experiment.
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Figure 3. Microalgae Acutodesmus obliquus under Optical Microscope (400x times magnification)

The inoculation of the photobioreactor was performed with 500 liters of swine sewage, which is a rich source of
nitrogenous and phosphorus. The culture was analysed during 19 days in terms of cell growth (number of cells.L), pH
and biomass concentration (g.L™) and photo-spectrometry.

2.3 Culture Growth: Cell Concentration Analyse

For the number of cells, the experimental procedure used is the Neubauer chamber technique. It consists in a
rectangular thick sheet of glass for microscopy use, which contains a depression in the center. This depression has two
chambers that can be mirrored or not, and have perpendicular lines with quadrants that are used to count cells and
determinate the cellular concentration in given volume of a fluid. The cultivation samples were submitted diary to a
triplicate on the Neubauer chamber according to the methodology described by Lourenco (2006).

2.4 pH Samples

A pH mPA210 measurer from MS Tecnopon® was used to measure the pH from the samples and a Shimadzu ultra
violet spectrophotometer on 540 nm to do the spectrophotometry triplicate both diary.

2.5 Dry Biomass Concentration

The biomass concentration was obtained by filtering a 10 mL of sample in a glass fiber microfilter (47 mm
diameter) that was previously taken out of moisture in the stove at 60° C for twenty-four hours and weighted. The
samples were put back at the stove at the same parameters. The biomass concentration is then difference between the
initial and the final weights.

2.6 Lipid Content

The methodology used in the analysis of total lipid content for the microalgae biomass was described by Folch et
al., (1957) and adapted by Hosseini et al., (2015). In this method, a specific quantity of biomass (P0) was mixed with a
solution of chloroform: methanol (2:1 v/v) in a centrifuge tube. The tube was then displaced in an ultrasonic bath during
30 minutes followed by a centrifugation at 4500 rpm during 15 minutes. After centrifugation, the supernatant was
removed from the tube and displaced in another tube of known mass (P1). This procedure is repeated three times. The
remaining solvent in the tube was evaporated at 60° C. The mass of tube containing the lipid (P2) was then measured.
The lipid content could be finally found using Eqg. (1):

(%)Lipid=

P2 —OPO 100 O

3. RESULTS AND DISCUSSION
3.1 pH

The pH was daily measured and remained between 9-11 as it may be noted in Fig 4. This value is close to the
optimal value for microalgae photosynthesis (Kroumov et al., 2016).
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Figure 6. Concentration Cells Throughout the Experiment
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The concentration cell on the last day of experiment was 750 + 110 x10%cells.mL,while the first day of experiment
the number of cells was 680 + 95 x10* cells.mL*. The poor growth in the number of cells is possible due to the fact the
swine sewage was to dilute or contaminate with high number of pathogenies that compete with microalgae cells.

3.3 Culture Dry Biomass Concentration

The concentration of dry biomass analysed throughout the experiment is shown in Fig 7. The final dry biomass
concentration found on 19" day of experiment was 0.270 + 0.009 g.L™*. From the first day until the last day of
experiment, no significant variation of microalgae biomass has been observed. This could occur due to the low
photosynthetic process or due low nutrient content in the culture medium. For industrial application, the microalgae
biomass should be higher.
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Figure 7. Dry Biomass Concentration
3.4 Total Lipid Conted

After the 19 days of experiment, the biomass was recovered from the photobioreactors and agitated with an
organic flocculant (TANFLOC® at a concentration of 210g.L™. For the homogenization of culture and flocculant, an
agitator attached to an electrical motor was applied. After 24 hours, the biomass decantation occurs and the residual
water can be removed. Finally, the humid biomass is put into a drier (Model: Pardal Peg 100) during 36 h at 60 °C. The
dry biomass is used to theanalyses of lipid content, which is an important parameter for biodiesel production. The total
lipid content found in the biomass was 16.07 + 0.43 %. This value is similar to the results found by Nascimento et al,
2013, when they found a lipid content of 16.73 % on microalgae biomass from the specie Scenedesmus obliquus, which
its nomenclature has recently changes to Acutotodesmus obliquus.

4. CONCLUSION

The use of wastewater from swine sewage for microalgae cultivation has been proposed by several authors over
the last decade in order to minimize the cost with culture medium and, at the same time, bioremediate the nutrients
presented in the wastewater. This paper work has demonstrated the possibility of growing microalgae in a large scale
photobioreactor of 10m3volumeusing swine sewage. However, biomass productivity and lipid content found was lower
than those encountered by other researches. The final dry biomass concentration obtained was 0.270 + 0.009 g.L"* with
16.07 + 0.43 % of lipid content in the microalgae biomass from specie Acutodesmus obliquus. The low lipid content
could disqualify this microalgae specie as potential source for biodiesel production since there are other species with
higher lipid content.
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