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Abstract

The purpose of this study was to assess the potential of combining the production of three types of biofuels (i.e., biodiesel,
bioethanol, and biogas) from Nannochloropsis sp. microalgae. Cellulase enzyme, produced from Trichoderma viride
fungi was used to convert algal hydrocarbons into sugars for bioethanol production and to improve lipids extraction for
biodiesel production. The procedure for producing the three biofuels consisted of initially mixing predetermined quantities
of cellulose with the algae to hydrolyze the complex hydrocarbons and produce sugars, followed by oil extraction from
the hydrolyzed algae, and finally producing biogas through co-digesting the hydrolyzed and oil-extracted algae residual
with wastewater treatment sludge. Without enzyme, the total sugar yield following hydrolysis for 6 hours with distilled
water at 37°C and pH 5 reached 38 mg/g algae. Using the enzyme, total sugar production increased in the range of 42
mg/g algae to 74 mg/g algae with increasing enzyme use. Similarly, the reducing sugar production increased from 36
mg/g algae without enzyme to 60 mg/g algae with increasing enzyme dose. Following hydrolysis, the lipids yield reached
59% of the extracted algae weight, which represents almost all of the lipids in the algae. The residual algae mixed with
sludge generated significant amounts of biogas in excess of the quantities generated by sludge alone. The results
demonstrated the technical feasibility of producing three biofuels from algae; however the economic aspects of the process
require significant further careful consideration.
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Microalgae cell walls contain low content of hemicellulose and

1. Introduction

Biofuels are fuels generated from living organisms, and include:
biomass; biodiesel; bioethanol; and biogas. Biofuels are
promising alternatives to fossil fuels because they are carbon
neutral and can reduce dependence on fossil fuels [1]. A variety
of feedstocks can be used to produce biofuels, but feasible
production requires abundant and renewable sources of biomass.
The interest in utilizing algae as an attractive feedstock to
produce biofuels has increased worldwide [2,3]. Microalgae in
particular can convert carbon dioxide into high value organic
products [4,5], including lipids, hydrocarbons, and proteins.
Moreover, algae do not require fresh water or agricultural land,
and do not compete with food sources. Furthermore, CO2
emissions from fossil fuel burning facilities can be captured by
algae and used to grow algae through photosynthesis [6].
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almost no lignin compared to lignocellulosic biomass, which
reduce the need for pretreatment and improves extraction of
useful resources from their cells [7]. A variety of pre-treatment
methods are available to enhance extraction of algal organic
resources [8-11], including pretreatment using enzymes [12].
The overall objective of this study was to explore the possibility
of producing three types of biofuels from locally grown
microalgae. The three biofuels are: bioethanol; biodiesel; and
biomethane. In the study, bioethanol is indicated by production
of sugars; biodiesel is indicated by production of oil, and
biomethane is indicated by anaerobic production of biogas.

2. Materials and Methods

The type of microalgae used in this study is Nannochloropsis
sp., which is grown locally and is known to contain large
amounts of lipids (approximately 60% lipids, 10% proteins, and
30% carbohydrates [13]). Nannochloropsis sp., a unicellular
marine green algae, is locally grown to feed fish in fish farms.
Microalgae samples were prepared for biofuels production
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through washing, drying and grinding to a powder. The algae
were then subjected to treatment using cellulase enzyme
produced by Trichoderma viride fungi with activity of 3-10
units/mg to hydrolyze hydrocarbons and produce sugars.

Enzymatic hydrolysis was carried out for 6 hours at pH 5 and
37°C in 500 mL glass laboratory beaker filled with 5 g algae
mixed with 250 mL sodium acetate buffer. The flasks were
mixed in a water bath incubator shaker (Clifton NE5-28D, UK)
at a speed of 300 rpm. The enzyme dosages added to the samples
(designated S1 to S9) were in the range of 0 mg to 250 mg.
Following hydrolysis for 6 hours, the enzymatic reaction was
stopped by heating the contents of all flasks to 95°C. It should
be noted that the buffer was brought to a temperature of 37 °C
in the incubator before adding the enzyme.

Two control samples were used with each hydrolysis batch; one
(designated B1) involved algae mixed with distilled water at pH
5 without using sodium acetate buffer and without adding
enzyme; and another (designated B2) involved algae mixed with
sodium acetate buffer at pH 5 but without adding enzyme. The
enzyme quantities used for hydrolysis and samples designations
are summarized in Table 1.

Table 1. Enzyme quantities used for hydrolysis and samples
designations

Bl B2 S1 S2 S3 S4 S5 S6 S7 S8 @S9
0 0 1 5 10 20 40 80 150 200 250

The total sugars content was determined colormetrically, based
on the absorbance at 490 nm, using the Total Phenol-Sulfuric
Acid Method [14]. Reducing sugar was also determined
colormetrically, based on the absorbance at 540 nm, using the
DNSA method proposed by Miller [15]. Supernatant samples
were prepared for sugar measurement through centrifuging the
hydrolyzed algae samples at 10,000 rpm for 10 minutes to

separate the solids from the liquid, then diluting the samples as
needed. Glucose standards were used to determine the
concentration of sugars in the samples.

Blank and enzyme-pretreated algae were subjected to
morphological analysis using scanning electron microscopy
(SEM) to examine enzyme effect. Dried algae samples were
mounted on metal stubs by double tape and the surface was
coated with copper to avoid charging. The samples were
observed with SEM and images were taken by VEGA 3
TESCAN camera.

Lipid extraction was performed on 6 g dried algae samples that
remained after enzymatic hydrolysis. Extraction was achieved in
a soxhlet extractor apparatus shown in Fig. 1 (B-811 LSV,
Switzerland) using a mixture of methanol, chloroform, and
water with volumetric mixture ratios of (2:1:0.8). The extraction
apparatus automatically rinses and dries the oil after extraction.
The extracted oil was collected and its weight measured.

Following oil extraction, the residual algae was soaked in
distilled water for 12 hours then oven dried. Residual algae
samples (0.07 g) were mixed with 30 mL sludge samples
containing 2% total solids (TS) in 50 mL capped serum bottles
and incubated at 37°C to generate biogas through anaerobic
digestion. The pH of the algae-sludge mixtures were adjusted, if
necessary, to approximately 7.25. Control samples containing
sludge alone, sludge with raw algae, and sludge with oil
extracted but not enzyme-hydrolyzed algae were also used.
Biogas production was measured periodically through inserting
a hypodermic needle into the rubber stopper of the serum bottle
to displace water in a U-shaped graduated manometer filled with
acidified water. All experiments and analytical methods were
conducted in duplicate and triplicates, and the results are
presented as means

Fig. 1. Automatic oil extraction apparatus
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3. Results and Discussion

Hydrolysis of algae hydrocarbons in distilled water without the
use of enzyme at 37 °C and pH 5 resulted in the production of
37.4 mg total sugar per gram algae and 35.9 mg reducing sugar
per g algae (Figs. 2 and 3). Similarly, hydrolysis using the
acetate buffer, but without the use of enzyme, resulted in 48.6
mg total sugar per gram algae and 42.1 mg reducing sugar per ¢
algae. Hydrolysis without the use of enzyme suggests the
presence of readily hydrolysable hydrocarbons. Using the
enzyme, the data show that total sugar yield following
hydrolysis increased in the range of 42 mg/g algae to 74 mg/g
algae. Similarly, the reducing sugar increased in the range of 36
mg/g algae to 60 mg/g algae with increasing enzyme use.

The quantity of hydrolyzed hydrocarbon, which reached a
maximum of 7.4% by weight, is moderate to low. However, the
chosen microalgae type is typically used for oil production as it
contains significant quantities of lipids. Nevertheless,
enzymatic pretreatment increased sugar production from algae
significantly.

The SEM pictures in Fig. 4 provide a direct evidence of enzyme
effect on algae, which helps explain the increase in total and
reducing sugar production as the enzyme dose increased.
Analysis of the SEM images reveals ultra-structural changes in
algae. The least treated blank sample (B1) shows the most intact
cell structure with no significant pitting or cell disruption/lysis.

The B1 sample surface looks even, smooth and continuous. The
other blank sample (B2), which was hydrolyzed using the
acetate buffer but without enzyme, shows partial cell disruption.
On the other hand, the use of enzyme in samples S1 to S5
resulted in visible damage to the cell structure.

The lipid extraction results following algae hydrolysis were
variable, as shown in Fig. 5. The variability of the results was
initially surprising but it was soon realized that the four heating
elements of the lipids extraction apparatus shown in Fig. 1
operated at different temperatures. Nevertheless, the extracted
lipids ranged between 41% to 58.8% of the weight of the algae
in the samples treated with enzyme compared to the blank
samples (31% for B1 and 39.5% for B2). The results clearly
demonstrate that significant quantities of lipids can be extracted
from the algae following enzymatic hydrolysis to produce
sugars.

The results in Fig. 6 show that compared to sludge alone, biogas
production generally increased as a result of addition of algae to
the wastewater sludge. As expected, the highest biogas quantity
was produced from the samples containing sludge and blank
algae (B1) then from sludge and blank algae (B2) because the
blank B1 and B2 samples contained the highest quantities of
biodegradable organic matter as they were not subjected to oil
extraction or enzymatic treatment. In comparison, the samples
containing sludge alone produced the least amount of biogas.
For the other samples, biogas production was consistent with the
results of oil extraction and hydrolysis.
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Fig. 2. Effect of enzyme quantity on total sugar production
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Fig. 3. Effect of enzyme quantity on reducing sugar production

Fig. 4. SEM Images of morphological analysis following algae hydrolysis
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Fig. 6. Biogas production during 11 weeks of anaerobic incubation of samples
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4, Conclusions

The results of this study confirmed the possibility of combining
the production of three biofuels from Nannochloropsis sp. algae
through production of sugars, oil and biogas. Hydrolysis of cell
hydrocarbons using cellulase enzyme resulted in maximum total
sugar production of 74 mg/g algae and maximum reducing sugar
production of 60 mg/g algae. Following hydrolysis, lipids
extraction generated 59% g oil/g algae, which represents almost
all of the lipids in the algae. Furthermore, the residual,
hydrolyzed and oil-extracted algae, mixed with wastewater
sludge, generated significant amounts of biogas in excess of the
quantities generated by sludge alone. As this study is
exploratory, additional studies are required to confirm the
results and to optimize the production of the three biofuels from
various species of algae.
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