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Abstract: The production of biofuels using wastewater as a microalgae culture medium is a little explored technology,
but with potential for success. In order to contribute to the knowledge of these technologies and their technical
feasibility for microalgae growth, in this work the Chlorella sp. strain was cultivated in two types of effluents generated
in an experimental farm located in eastern Colombia, before and after a biological treatment process. The consumption
of the main nutrients that regulate growth and lipid production was evaluated, in order to extract, quantify,
characterize and convert them into biodiesel. The results showed that Chlorella sp. growth and lipid production is more
favourable in R2 medium of treated water than in R1 medium of raw water, mainly due to phosphorus limitation and
higher N-NO; concentration in R2 compared to RI. In the R2 medium culture, a percentage of 42.54% of long-chain
fatty acids was found, which is necessary to obtain a high quality biodiesel. Finally, the best transesterification
experiment allowed reaching a fatty acid methyl esters (FAME) percentage of 90.1 £ 2.7%. In general, the results
demonstrated the potential viability of using the wastewater generated in the San Pablo farm to produce biomass with
lipid content to obtain biodiesel, finding that where the concentration of nutrients, mainly nitrogen, has a great
influence on the microalgal metabolism for lipid accumulation.
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INTRODUCTION

Biofuel production has taken great importance in recent years as
one of the ways to mitigate the effects of climate change
[MoHAzzAB et al. 2020] by replacing fossil energy based on crude
oil, since the latter is composed of a complex mixture of
hydrocarbons, kerosenes, resins, and in general, heavy molecules
with high thermodynamic instability that generate problems
during the production phases, affecting the level and quality of
emissions generated to the environment [ALADE et al. 2020]. This
has led to the search for new technologies for their production
through the use of microalgae, mainly because they represent an
environmentally friendly solution able to reduce or eliminate the
classical but polluting means of fuel production [ZIkEL et al.

2020]. Numerous strains of marine or freshwater origin show
a high lipid content to be transformed into biodiesel, including
species of the genus Chlorella [CukLLAR-GARCIA et al. 2019;
RaMIREZ-LOPEZ et al. 2016], Dunaliella [ ANDREOTTI et al. 2019], and
Nannochloris [GARZON-SANABRIA ef al. 2012; HE et al. 2020]. On
the other hand, in the last decade, the use of wastewater as
a source of nutrients for cultivation has emerged as a promising
and environmentally sustainable alternative [CAporGNO et al.
2015; CHEN et al. 2020; RawaT et al. 2013], taking into account the
level of contamination and toxicity of some compounds present
in these.

The production of biodiesel from microalgal biomass grown
in wastewater has certain advantages over the use of plants,
among them, extensive cultivation land is not needed because
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they can grow in almost any enclosed space very quickly, they do
not generate waste as occurs with palm oil production
[DAOCHALERMWONG et al. 2020; FErrerA et al. 2020; HAN et al.
2020]. It is a continuous, inexhaustible and non-polluting source
of energy production because it does not mobilize fossil carbon
but uses excess atmospheric carbon and with its consumption,
compounds such as nitrates, phosphates and some heavy metals
are reduced [VERONEsI et al. 2015]. Therefore, this proposed
combination increases the environmental benefit in CO, mitiga-
tion and preservation of valuable water resources, since, on many
occasions, untreated wastewater rich in nitrogen and phosphorus
is discharged into water bodies, leading to eutrophication of rivers
and lakes and the appearance of harmful microalgae [DoMANsKA
et al. 2019; GIL-1zQUIERDO et al. 2021; PELECHATA et al. 2016]. This
study presents the design for the cultivation of the microalgae
Chlorella sp. in two types of effluents obtained from an
experimental farm located in eastern Colombia. The consumption
of nitrogen and phosphorus present in these effluents, biomass
production, extraction and quantification of lipids were eval-
uated. Finally, a transesterification process was carried out to
evaluate the production of biodiesel.

MATERIALS AND METHODS

EFFLUENT SAMPLING

The wastewater samples used as culture medium in the biomass
production stage and subsequent lipid production were obtained
at the San Pablo Experimental Farm of the Francisco de Paula
Santander University (Sp. Universidad Francisco de Paula
Santander - UFPS), located in the municipality of Chindcota,
Colombia; at the discharge points of domestic water and
wastewater from washing stables, leaching of vermicompost and
compost, and soil runoff (fertilizer residues) [P1cos-CORRALES et al.
2020]. Samples were collected and preserved by the refrigeration
method in ice cellars [Torres et al. 2017] and transported for
analysis in the Water and Environmental Biotechnology laborat-
ories at UFPS.

The effluents were classified into R1 for raw farm waste-
water and R2 for wastewater treated in an activated sludge pilot
plant (Fig. 1) located at the Unit Operations Laboratory of the
UFPS. This biological treatment system consists of three units,
a 50 dm’ aerated reactor with an air compressor and dissolved
oxygen (DO), temperature and pH sensors; a 100 dm’ storage
tank with a diaphragm pump for continuous process operation;
and a sedimentation unit with a turbidity sensor and a paddle
as a mechanical agitator. The physicochemical characterization
of effluents R1 and R2 was performed using the methods
described in the “Standard methods for the examination of water
and wastewater” [RICE et al. 2017], the parameters analysed
were chemical oxygen demand (COD), NOj; NO,, PO,
total suspended solids (TSS), volatile suspended solids (VSS)
and pH.

STUDY ORGANISM AND GROWTH KINETICS
AT 100 DM® SCALE

Chlorella sp. strain belonging to the INNOVALGAE Laboratory
of the Francisco de Paula Santander University (Colombia) was
used and maintained in basal BOLD medium [CUELLAR-GARCIA
et al. 2019]. The inoculum was grown for 20 days in 10 dm®
photobioreactors (7 dm® working volume) under a light intensity
of 200 pmol-m™>s™", a 12 h / 12 h light/dark photoperiod and an
airflow of 0.6 vvm. The bioprocess in 100 dm> photobioreactors
was carried out under the following conditions: light intensity of
200 pmol-m™%s™', temperature of 28 + 2°C, pH of 7 + 1,
photoperiod light/dark 12/12 and aeration of 1 vvm. The
operating time was 10 days with periodic sampling every 24 h,
where the variables of biomass production, nitrates, phosphates,
COD, total lipids and lipid profile were monitored. Control
cultures were used in all experiments.

Quantification of biomass. For the quantification of the
produced biomass, aliquots of known volume were taken, vacuum
filtered on nitrocellulose membranes of 0.22 pm pore diameter
(Millipore °) and dried at 80°C for 72 h. Previously, these
membranes were brought to constant weight by keeping them at
80°C for 24 h [Jammes -DUARTE et al. 2012].

ACTIVATED SLUDGE PILOT PLANT UFPS
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Fig. 1. Pilot plant of activated sludge - R1 and R2 treatment; source: own elaboration
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Nitrogen quantification. Nitrate quantification was carried
out using the Brucin-Sulfamic Acid method by absorbance
[JarmEs-DUARTE et al. 2012]. A 3 cm’ sample was taken and
diluted 1: 110 since initially the nitrate content exceeds the
detection limit. Once all the reagents had been added, they were
incubated in a water bath at 92°C for 30 min, and after half the
time, the tubes were shaken to achieve a better homogenization
of the mixture. Finally, they were allowed to cool, and
the reading was taken in a spectrophotometer at a wavelength
of 410 nm.

Quantification of phosphorus. The quantification of
inorganic phosphorus was carried out by the modified method
of Taussky and Shorr [Costa et al. 2009], which uses ammonium
molybdate diluted 16% in sulfuric acid and ferrous sulphate.
A 2 cm?® sample was taken, the standard curve and the samples to
be analysed were prepared. Once the colour reagents were added,
it stands for 10 min, and then it was read at a wavelength of
660 nm.

EXTRACTION AND QUANTIFICATION OF LIPIDS

The biomass was dried in a Labcom freeze dryer and pulverized
in a mortar. Subsequently and as part of the pretreatment, a cell
disruption was performed with hydrochloric acid at a concentra-
tion of 0.6 M for 30 min to allow a greater extraction of lipids.
Once this stage was finished, the extraction method reported by
Ramirez-Fajarpo et al. [2007], which consists of a Soxhlet system
with a mixture of methanol-hexane as the solvent and an
extraction time of 8 h. 1 cm? of methanol was added per gram of
dry biomass, and it was left for 12 h at room temperature and
stirring at 500 rpm. Afterward, it was centrifuged, and the solid
phase was separated from the liquid phase, and then 0.2 cm® of
hexane per cm® of used ethanol was added to the latter. Finally,
the hexane phase was separated from the hydroalcoholic phase
and the extracted oil was weighed.

TRANSESTERIFICATION SYSTEM

A low molecular weight alcohol (methanol) was used and mixed
with a catalyst (sodium hydroxide) to form sodium methoxide
(Na+CH30") in an exothermic reaction. This reagent was mixed
with the oil, hydrolysing the triglyceride bonds to subsequently
cause the splitting of the fatty acid into glycerine and ester chains
and then react with the alcohol to give rise to biodiesel. In this
regard, once the microalgae oil was obtained, it was kept in an
oven for 1 h at 90°C to eliminate any water that might be present.
Subsequently, in the pilot plant for obtaining biodiesel at UFPS
(Photo 1), 15 g of the microalgae oil was added in the reactor
of the pilot plant for obtaining biodiesel, which is equipped with
a condenser and a mechanical agitator, and temperature control.
The agitation was adjusted to 550 rpm and once the reaction
temperature (60°C) was reached, the alcohol and catalyst were
added in the proportions 5:1 and 10:1 with respect to the oil;
the reaction time was 90 min. Once the reaction was finished,
the mixture was left to stand in the plant separator funnel
and neutralization was carried out to counteract the excess
catalyst that did not react at a temperature of 60°C, then
successive washes were carried out by adding 120 cm® of water
purified the upper phase rich in esters by successive washes
with distilled water. Finally, 12 was left in the decanter for

Photo 1. Pilot plant to obtain biodiesel UFPS (phot. N.A. Urbina-Suarez)

subsequent quantification of the fatty acid methyl esters
(FAME’s) by gas chromatography with mass selective detector
(GC-MS).

ANALYSIS AND DATA PROCESSING

A factorial system was designed, the NSCC data analysis software
was used to formulate the best medium for the growth of
microalgae and the results were analysed and statistically verified
using the Student’s t-test of the SigmaPlot statistical package.
Additionally, multifactorial analysis of variance (ANOVA) was
applied to determine significant differences in the growth results
in the related times.

RESULTS AND DISCUSSION
GROWTH KINETICS AT A 100 dm? SCALE

Several studies carried out on the increase in the productivity of
microalgae show the existence of different aspects that can limit
their growth, such as light and culture medium [J1 et al. 2016;
RicHMOND 2004]. Table 1 shows the physicochemical character-
ization of effluents R1 and R2.

The objective of the characterization was to determine the
concentrations of nitrate and phosphate, since these nutrients
are the most important nutrients for microalgae cultivation
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Table 1. Physicochemical characterization of effluents R1 (raw
wastewater) and R2 (treated wastewater)

Value in
Parameter Unit
R1 R2

Chemical oxygen demand

2892.26 + 31.39( 523.2 + 10.31
(COD)
Nitrates 52,85 £ 2,04 |167.52 + 16.42
Nitrites 4.65 + 0.32 7.05 = 0.54
Phosphates mgdm™®| 1165+ 061 | 421%0.15

Total suspended solids

1974.32 + 42.66( 635.38 + 22.31

(TSS)
Volatile suspended solids

17432 £ 21.2 | 483.27 £ 9.62
(VSS) 743 83.27 £ 9.6
pH - 74 +0.1 8.1+0.1

Source: own study.

[Cuu et al. 2019; GroBeeLaAR 2013]. These waters are generally
composed of 95% water and the remaining suspended solids and
dilution. The characterization evidences that in relation to COD
the highest concentration is in the effluent R1, this is explained
because it is raw wastewater without any treatment compared to
R2 where the COD concentration is much lower, given that the
wastewater has gone through an aerobic activated sludge process,
where microorganisms have metabolized much of the organic
substances. Phosphate concentrations were higher in Rl com-
pared to R2, evidencing a removal of this compound by the
activated sludge process. In relation to nitrates and nitrites in R1
the concentrations were lower compared to R2, this is explained
that in an aerobic process, such as activated sludge, metabolic
reactions occur that generate the oxidation of ammonia and
ammonium salts and their subsequent conversion to nitrate
[BHATTACHARYA, MAZUMDER 2021; HERNANDEZ ef al. 2018]. The
results obtained regarding biomass production and nitrogen and
phosphorus consumption are presented below.

Quantification of biomass. Figure 2 shows the production
of Chlorella sp. in the medium R1 (raw wastewater) and R2
(treated wastewater). A higher concentration of biomass is
observed in the R2 medium (1.76 + 0.029 g-dm™) compared to
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Fig. 2. Biomass production of Chlorella sp. (dry weight D.W.) in the
100 dm® photobioreactor in culture media R1 and R2; source: own study

the R1 medium (1.47 + 0.036 g-dm™), possibly associated with
the nitrogen level that limits the growth of the microalgae.

Few studies have reported the growth of Chlorella sp. in
wastewater obtained from experimental farms due to its high
rumen content, and no studies have yet been reported using the
effluent from an activated sludge plant as a growth medium for
this microorganism. Authors who have used Chlorella sp. in
domestic wastewater have reported biomass concentrations
between 0.5 and 2.0 g-dm'3 [JAIMES-DUARTE et al. 2012; L1 et al.
2008; van Do et al. 2020]. However, in this study, wastewater with
a much higher organic matter content than domestic wastewater
was used, increasing its complexity to be assimilated by
microorganisms. In the two cases analysed, Chlorella sp. was
able to adapt to both raw and treated wastewater, reaching
concentrations similar to those reported in the literature in heavy
metal removal studies [HassaN et al. 2020; PERALES-VELA et al.
2007].

Quantification of nitrogen and phosphorus. Figure 3
shows the consumption of nitrogen and phosphorus by the
microalgae, where it is observed that there is a rapid consumption
of both nutrients in the first 75 h, which represents about 75% of
them. Subsequently, consumption is relatively low for both
culture media. Some authors report that microalgae of the
Chlorophyceae family have a high nutrient consumption in the
first three to four days, and their growth does not stop, even when
the concentration of nitrogen and phosphorus is relatively low in
the medium [Hu et al. 2020; LEaL MEDINA et al. 2017; PERALES-
VELA et al. 2007]. One of the reasons is that nitrogen and
phosphorus are essential elements for the metabolism of
microalgae, and these become part of some reserve products,
such as lipids, carbohydrates, amino acids, and proteins [CUELLAR-
GaRcia et al. 2019; Su 2021]. Comparing the results obtained in
this work with those reported in the literature, it can be
concluded that the consumption of nitrogen and phosphorus
compounds present in the Rl and R2 media is similar and
allowed adequate growth of Chlorella sp.

EXTRACTION AND QUANTIFICATION OF LIPIDS

Figure 4 shows the lipid content of the microalgae strain in the
culture media R1 and R2 versus the maximum biomass
concentration in dry weight.

The results show that the highest lipid content was obtained
in the R2 medium with a value of 21.76 + 1.06%, almost double
that obtained with the R1 medium (12.08 + 0.86%). Both
experiments obtained higher values compared to the control that
worked with the BOLD medium and where an average value of
9.84 + 0.56% was reached. The explanation for this effect may be
through nitrogen concentration, since it is considered the main
regulator of growth and lipid accumulation. When a crop is
exposed to adequate light intensity with nutrient limitation, the
rate of cell division decreases; consequently, as a survival
mechanism, the flow of carbon fixed by photosynthesis is diverted
to lipid or carbohydrate synthesis [FLorez et al. 2017; OrpoG et al.
2012]. In this sense, when selecting culture conditions that favor
lipid accumulation, it is necessary to maximize their volumetric
productivity for each strain [Gao et al. 2019]. Therefore, the low
nitrogen and phosphorus content of wastewater compared to
synthetic media for microalgae growth explains the higher lipid
generation in R1 and R2 media than in the control medium BOLD.
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Fig. 4. Lipid content and maximum biomass concentration in culture
media R1 (raw wastewater) and R2 (treated wastewater); the bars
correspond to lipid content and the solid line corresponds to biomass;
source: own study

The R2 medium presented a phosphorus limitation and
a higher concentration of N-NO; compared to the R1 medium,
which could explain that lipid production was higher in R2 than
in R1l. This phenomenon could occur because the level of
complexity of the raw wastewater is higher than the treated
effluent, therefore, the level of assimilation of nutrients seems to
be better in the latter. Another aspect to consider is the
competition for substrate, the level of bacteria and fungi is
higher in raw wastewater, also competing for the same forms of
nitrogen and phosphorus. When wastewater is treated, the
resulting compounds are not as assimilable for most bacteria
and fungi, but they are for photoautotrophic organisms such as
microalgae. Table 2 presents the parameters and results obtained
for the growth rate in the exponential phase of the culture. The
productivity of both biomass and lipids was determined up to the
maximum concentration reached.

Some authors have reported that the content of lipids in
microalgae can vary from 1 to 90% of the dry weight, depending
on the species and the cultivation conditions [Aziz et al. 2020;
Cuisti 2007; Luangpipat, CHisTI 2016]. Subjecting the microalgae
of the genus Chlorella sp. to stress conditions induces the
synthesis and accumulation of large amounts of triglycerides,
accompanied by considerable alterations in the composition of

Table 2. Kinetic parameters and lipid production of Chlorella sp.
in culture media R1 (raw wastewater) and R2 (treated wastewater)

Value in
Parameter
control R2 R1
Maximum biomass 1.07 + 0.02 1.74 £ 0.03 1.47 £ 0.04
concentration (g-dm™)
Growth rate p (d_l) 0.140 £ 0.001 | 0.245 = 0.002 10.190 £ 0.0023
Lipids (% w/w) 9.84 £ 0.24 | 21.76 £ 0.67 | 12.08 + 0.86
Lipid productivity 15.00 + 1.94 | 52.14 + 3.24 | 25.42 £ 2.57
(mg~dm’3 dh
Biomass productivity 143.85 + 7.91 (248.57 + 12.73] 210.00 + 6.37
(mg~dm'3 d™h
Lipid concentration 0.105 +£0.012 | 0.365 + 0.026 | 0.178 + 0.031
(gdm™)

Source: own study.

lipids and fatty acids. Similarly, it has been reported that under
normal conditions without metabolic, nutritional, and environ-
mental alterations, the lipid content of the microalgae of the
Chlorophyta division can reach between 5 and 30% of the dry
weight depending on the type of microalgae and the age of the
culture [Garcia GoNzALEZ et al. 2020; Gouvels, OLIVEIRA 2009;
SARANYA, SHANTHAKUMAR 2019; SPOLAORE et al. 2006].

Regarding the lipid productivity, values of 52.14 + 3.24
and 25.42 + 2.57 mg-dm—.d"'were obtained for the R2 and R1
media, respectively. In the literature lipid productivities of
127.24 mg-dm™>.d™' are reported using Chlorella vulgaris in
a culture with nutrient sufficiency and of 12.77 mg-dm~.d™
under nutrient suppression conditions. Productivities achieved
were relatively high compared to other studies and with the
control medium (15.00 + 1.94 mg~dm’3-d’l), which demonstrates
the potential feasibility of the wastewater generated in the San
Pablo farm as a medium for the production of biomass and
biofuels.

For the transesterification process, the biomass that reached
the highest percentage of lipids (culture medium R2) was chosen.
This sample was processed and analysed by gas chromatography
to determine the lipid profile found in Table 3.
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Table 3. Lipid content of Chlorella sp. in culture medium R2

Fatty acid % relative
3500 1
Lauric acid C12:0 0.36
Myristic acid C14:0 0.39 3000 18327 - C18:2
Palmitic acid C16:0 12.40 — ‘8‘365 - Cl8
Stearic acid C18:0 23.70
. . . 2000
Oleic acid C18:1 14.42 | {7128 |‘8 449
Linoleic acid C18:2 25.10 ] \77090 ,
1500 1 I
y-linolenic acid C18:3 9.50 | '
Nonadecanoic acid C19:0 0.12 100077 |
Arachidic acid C20:0 1.50 _—
Eicosadenoic acid C20:2 023 ] ‘ [
Saturated 42.54 074034 473 6211 7.841 8951 ' 10.195
Unsaturated 57.30 4 5 8 10 12

|7.282 - cle:0

Source: own study.

Obtaining high-quality biodiesel is based on long-chain fatty
acids. Table 2 shows that the main fatty acids found in the
microalgae grown in the R2 medium were: 25.10% of C18:2
(linoleic acid), 23.70% of C18:0 (stearic acid), 14.42% of C18:1
(oleic acid), 12.40% C16:0 (palmitic acid), 9.50% C18:3 (y-
linolenic acid).

The percentage of saturated fatty acids (SFA) and unsaturated
(UFA) was 42.54 and 57.30%, respectively, which are like those
reported in the literature for a culture of Chlorella vulgaris in
synthetic medium BG-11 (37.18% SFA and 62.00% UFA). Other
authors have reported SFA percentages for green microalgae
between 20 and 50% [HE et al. 2020; Ji et al. 2016]. Not all
microalgal lipids are satisfactory for the production of biodiesel
[Ramos et al. 2009]; however, the appropriate ones (fatty acids, free
and covalently bound to glycerol and its derivatives) are frequently
produced and constitute the largest fraction of total lipids, usually
20-40% [CHEN et al. 2020; CHisti 2007; SANGHAMITRA et al. 2020].

TRANSESTERIFICATION SYSTEM

To carry out the transesterification process, the experimental
model found in Table 4 was developed.

Table 5 presents the matrix of the eight experiments
developed for alkaline transesterification, based on a 2’ process.
A total of 24 experiments were obtained in triplicate.

Table 4. Experimental design for lipid transesterification

Experiment
Variable

level 1 (-) level 2 (+)

Alcohol-oil ratio

5:1

10:1

Amount of methanol

M-OH: 0.6% w/w

M-OH: 0.13% w/w

Reaction temperature

45°C £ 1

63°C + 2

Source: own study.

Table 5. Variables from experiments performed for lipid
transesterification

No. Alcoh(fl-oil NaOH concentration Temperature (°C)
ratio (% wiw)
1 5:1 0.6 45
2 5:1 0.6 63
3 5:1 1.3 45
4 5:1 1.3 63
5 10:1 0.6 45
6 10:1 0.6 63
7 10:1 1.3 45
8 10:1 1.3 63

Source: own study.

In Figure 5 are observed the results obtained, where it is
concluded that the best experiment was number 7 (90.1 + 2.7%),
which worked with a NaOH concentration of 1.3% w/w,
a methanol molar ratio of 12:1, and a temperature of 45°C.
The lowest percentage of FAME (fatty acid methyl esters)
obtained was presented in experiment 2 (55.1 + 2.7%) which
worked with a NaOH concentration of 0.6% w/w, a methanol
molar ratio of 6:1, and a temperature 63°C. In the same way, in
this work, it was determined that the temperature and the
concentration of NaOH considerably affect the obtaining of
FAME, since the lowest percentages of FAME were obtained at
high temperatures and low concentrations of NaOH. Some
authors have reported that the best NaOH concentrations for
obtaining FAME range between 0.6 and 1.5 % w/w, in the same
way, they have reported that the increase in the molar ratio is
directly proportional to obtaining FAME, despite ratios higher
than 12:1 make it difficult to separate the glycerine [EHIMEN et al.
2010; NGUYEN et al. 2019; PLATA et al. 2010] reported a percentage
of FAME for synthetic oil from Chlorella sp. of 96.2% for a 12:1
molar ratio, a NaOH concentration of 1.5% w/w, and
a temperature of 64°C.
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Fig. 5. Percentage of fatty acid methyl esters (FAME) obtained in the eight
experiments performed; source: own study

CONCLUSIONS

In this study, the design for the cultivation of the Chlorella sp.
strain in two types of effluents obtained from an experimental
farm located in eastern Colombia was presented. The effluents
were classified in R1 for raw wastewater from the farm and in R2
for wastewater treated in a pilot plant of activated sludge located.
The results showed a higher concentration of biomass in the R2
medium (1.76 + 0.029 g-dm™) compared to the R1 medium
(1.47 + 0.036 g-dm’3), in addition to a consumption of 75% of
nitrogen and phosphorus in the first 75 h. The R2 medium
presented a phosphorus limitation and a higher concentration of
N-NO; compared to the Rl medium, which could explain that
the lipid production was higher in R2 (21.76 £ 1.06%,) than in R1
(12.08 + 0.86%). This shows the importance of nutrients in
microalgal metabolism since they become part of some reserve
products, such as lipids, carbohydrates, amino acids, and proteins.
Regarding the productivity of lipids, values of 52.14 + 3.24 and
25.42 + 2.57 mg-dm~>-d™' were obtained for the R2 and R1 media,
respectively, which were relatively high compared to other studies
and the control medium (15.00 + 1.94 mg-dm™.d™"). Further-
more, the main long-chain fatty acids found in the Chlorella sp.
strain grown in R2 medium were C18:2 (linoleic acid), C18:0
(stearic acid), C18:1 (oleic acid), C16:0 (palmitic acid), and C18:3
(y-linolenic acid), which are necessary to obtain high-quality
biodiesel. Finally, the best transesterification experiment was
number 7, which allowed reaching a percentage of fatty acids
methyl esters of 90.1 + 2.7%, working with a NaOH concentration
of 1.3% w/w, a methanol molar ratio of 12:1 and a temperature
45°C. In general, the previous results demonstrate the potential
feasibility of the wastewater generated in the San Pablo farm to
produce biomass and biofuels.
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