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ABSTRACT

The increasing need for sustainable energy calls for the
development of renewable and cost-effective alternative
sources to reduce the use of fossil fuels. Biofuel is one of the
substituted alternatives that are now well-recognised as a
result of the increasing awareness of green environment and
pollution. This study intended to produce dry biomass via a
microalgae pilot plant. Previous research had produced the
microalgae pilot plants, which consisted of cultivation,
filtering, and drying process. However, the filtering process
and drying process needed further investigation to obtain the
optimum output. Two types of filters: (a) membrane filter was
tested for the filtering process. The drying temperature was
examined between 50°C and 80°C. Results showed that the
membrane filter produced high filtration rates with 53% of
efficiency compared to the (b) paper filter, with 39% of
efficiency. The optimum drying temperature was observed at
70°C, which produced the most effective dry microalgae.

Key words: Botrycoccussp, Drying Process, Dry Biomass,
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1. INTRODUCTION

The world has been confronted with an energy crisis due to
the depletion of finite resources of fossil fuel. Continued use
of petroleum-based fuels is now widely recognised as
unsustainable because of depletion. Primitively, energy
production is sourced from petroleum, natural gas, coal, and
fuel. In parallel to the massive need for energy, these
non-renewable energies are depleting, thus the continuity of
energy production is at risk for the future. Biofuel is one of the
effective alternatives to substitute the usage of fossil fuels and
can directly preserve non-renewable energy in the long run.
Based on the motivation of this issue, previous works had
developed the microalgae pilot plant [1]. The microalgae pilot
plant was developed to produce dry microalgae. Dry
microalgae could not be extracted to produce biodiesel. There
were a few consecutive processes in the pilot plant that
involved the cultivation of microalgae flocculation, filtering,

145

and drying. Dry microalgae are the raw material forbiofuel.
Therefore, this study focused on the area of both the filtering
and drying processes.

Previous works had not analysed the temperature for drying
and filtering processes thoroughly. The present study
examined the efficiency between two types of filters, the filter
paper, and membrane filter. Additionally, this study
investigated a suitable temperature for the drying process to
produce dry microalgae. This research used the microalgae
species such as the is Botryococcussp, which are collected
from the tropical rainforest of South of Peninsular Malaysia.
The harvested microalgae were dried at a temperature of 50°C
to 80°C.

1.1 Microalgae as a source of biodiesel

Microalgae are potentially used to produce biodiesel as a
result of a similar oil and conventional biodiesel sources such
as vegetable oil and animal fats [2]. Additionally, the oil
content from microalgae is much higher and has an excellent
growth rate compared to conventional oil crops, vegetables,
oil, and animal fats as shown in Table 1 [3], [4].

However, there are a lot of species of microalgae. The
species has a different level of lipid content as a result of the
metabolite  characteristic and strain. For example,
Botryococcus sp. can produce up to 80% of lipid content
compared to other species like Schizochytriumsp (50%-77%),
Spirulina Maxima (6%-7%), and Nannochloropsis sp.
(31%-68%) [5], [6]- It shows that Botryococcussp is one of
the best microalgae to produce biodiesel because of its high
concentration of lipid content in the organisms.

Table 1: Comparison of some sources of biodiesel [7]

Crop Oil yield (L-ha™)
Corn 172
Soybean 446
Canola 1,190
Jatropha 1,892
Coconut 2,689
Oil palm 5,950
Microalgae (70% oil in biomass) 136,900
Microalgae (30% oil in biomass) 58,700
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1.2 Harvesting of microalgae

After the cultivation of microalgae, the microalgae were
collected and harvested to get a dry microalgae powder [8].
The harvesting process consisted of flocculation, filtering, and
drying the microalgae paste.

1.3 Filtration process by using filter paper

Filtration separates suspended solids from liquids and allows
the latter to pass through the pore of the substance, called a
filter. Filter paper has high porosities which allow it to absorb
fine substances from large ones and separate them. Figure 1
shows the diagram of the filter paper to separate substances.
Filter paper has different properties and varies for different
applications.

Microalgae Culture

L

Culture Media Microalgae

Filter Paper

Figure 1: Diagram of filtration process

This process of filtration involved the microalgae culture,
which was poured on the filter paper. The microalgae culture
was the final product of the flocculation and contained
cultivated microalgae and culture media, which served as a
medium for the growth of microalgae. Hence, this research
filtered and separated the culture media and the microalgae.
This type of algae harvesting method was employed to retain
the algae bio-mass while allowing the liquid to pass through

[9].
1.4 Drying process of microalgae

The drying process comprised of the final stage of harvesting.
This process was done after filtering the microalgae solution.
Generally, drying removes moisture contained in the wet
material via physical and chemical means [10]. After filtering,
the microalgae are in a wet form and called the microalgae
paste. Crude oil could not be extracted from microalgae paste
because of its wet conditions. So, a drying process is required
to convert the microalgae paste in dry form.

The drying process in biodiesel production is a highly
energy-intensive process and becomes one of the biggest
constraints in the utilisation of microalgae. Dry microalgae
require approximately 85% of the total energy consumption in
the microalgae biomass production process [10]. For example,
thermal drying of microalgae consumes up to 3556 kJ/kg-1 of
fossil fuel-based energy, which isnecessary to develop a
drying process with very low energy consumption to make
microalgae utilisation more competitive to generate power
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and other areas [11], [12]. The key issues need to be addressed
to minimise the capital and operational costs, drying cost and
extraction, and the development work to increase productivity
by developing more efficient harvesting systems [13].

1.5 Importance of drying process

The drying process of microalgae has no single filtering and
drying method that is suitable for all types of microalgae. The
suitability of each method depends on the properties of the
suspension of microalgae, the required process design, the
quality of the end product, and the related capital, and
production costs [14]. There is no all-purpose harvesting
method that can treat all microalgae suspensions based on
both cost and energy consumption [15]. Although harvesting
resulted in a 50 to a 200-fold concentration of microalgal
biomass, the moisture in the harvested biomass slurry was still
high enough to spoil the slurry within a few hours at room
temperature [16]. A drying process is thus often needed to
convert the slurry into a stable and storable form.

Post-microalgae filtering processes, the dry solid content of
the biomass slurry was still low [14], [17]. Therefore, a drying
process, such as solar drying, convective drying, spray drying,
and freeze-drying, as needed, depending on the requirement
of the final products [18].

2. METHODOLOGY
2.1 Microalgae pilot plant

The microalgae pilot plant in Figure 2 had been established
and built by previous studies [1]. The pilot plant consisted of a
cultivation tank, which could store up to 60 litres of fluids.
The separation tank was designed to make flocculation of
microalgae. After that, the microalgae were filtered to obtain
microalgae paste. Then, the drying system was used to dry the
microalgae. In this study, the analysis focused on the filtration
and drying processes.

Separation Process
(Flocculation
Method)

Cultivation
Process

Filtering
andDrying
Process

Figure 2: Microalgae pilot plant

2.2 Cultivation of microalgae

There were a few steps in the process of cultivation that were
considered before the microalgae could be grown. First, the
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composition of chemicals in the solution of microalgae. These
chemicals were present in the growth media. Table 2 shows
that the media used Bold Basal Medium (BBM) for
cultivation.

The main tank in Figure 3 is been cultured outdoor in the
tank called photobioreactor (PBR). Fluid composition in the
main tank is a mixture of a few types of fluids. Total
microalgae in the culture tank are 40 litres and consist of 30
litres Bold Basal medium (BBM), 3 litres of wastewater, and 7
litres of distilled water. Wastewater was extracted from the
food industry wastewater. The wastewater was chosen
because it had a high concentration of essential nutrients
needed by the microalgae. The wastewater medium was also
considered more economical compared to synthetic media.

Figure 3: The main tank for cultivation process

The photobioreactors were maintained at the outdoor
laboratory and the temporary structure was built to cover the
microalgae culture. The roof’s structure was from the
thermoplastic sheet for a natural sunlight transmission. The
local temperature varied from 24°C to 33°C throughout the
day. Therefore, the selected location was suitable for the
photosynthesis process of microalgae. Cultures were provided
with low-pressure air pumps from the bottom of the
photobioreactor. The air pumps maintained the exchange of
CO, and O,. On the other hand, the pH value was recorded
between 7 and 10 during the cultivation process. The
microalgae were grown for 14 days before the flocculation
process.

2.3 Composition of chemical for cultivation process

Each component in Table 2 was dissolved into 800 millilitres
of distilled water to make 10 bottles of different stock
solutions. Every component in the stock solution was used to
make 1 litre of Bold Basal Medium. About 10 millilitres and 1
millilitre were added for the rest of the stock solution between
component 1 and 6. Then, distilled water was used to fill the
stock until it reached 1 litre. The 1 litre Bold Basal Medium
was autoclaved at 121°C (15PSI for 15 minutes). After
autoclaving the solution, it was left to cool at room
temperature before microalgae seed was added. Then,
microalgae grew for 14 days before the harvesting.
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Table 2: Composition of Bold Basal Medium (BBM)

No  Stock Solution Per Litre of Distilled water (H,O)
1 NaNO; 25.0g
3 MgS0,.7H,0 7.59
4 K,HPO, 7.59
5 KH,PO, 17.59
6 NaCl 2.5g
; EDTA 50.0g
KOH 31.0g
g  FeSO.7H,0 4.89g
H,SO, 1.0ml
9 HsBO, 11.42g
Micronutrients L
ZnS0,.7H,0 8982
MnCL,.4H,0 629
1.44g
10 M003 0.71
CuS0,.5H,0 129
c 1.57g

° 0.49
(NO5),.6H,0 9

2.4 Flocculation of microalgae

Flocculation of the microalgae solution was done via an alum.
Alum is a chemical compound, which consists of Aluminium
Sulphate (Aly(SO4)3.18H,0). About 30 grams of Aluminium
Sulphate was dissolved in 1 litre of distilled water. Next,
about 400 millilitres of microalgae culture was used as a
standard volume for each sample of the flocculation process.
Then, the microalgae culture was added with 8 millilitres of
alum dosage and gone through the flocculation process via the
separation machine. The microalgae culture was then rapidly
mixed for 3 minutes at 80 rpm and slowly mixed at 20 minutes
for 30 rpm. The settling period to obtain the sedimentation of
the microalgae was a day before it was ready for the next
process.

2.5 Filter paper

The filtration process was conducted based on two types of
filters. Figure 4 shows the filter used in this study. Figure 4(a)
is a Grade 4 qualitative filter paper with a pore size of 20-25
pm, whereas Figure 4(b) is a membrane-type filter with pore
sizes of 0.45 pm.

(a)

(b)

Figure 4: Filter use in the study (a) Filter Paper (b) membrane filter
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2.6 Sample preparation

This study employed 12 samples of microalgae solutions that
were filtered via grade 4 qualitative filter paper. These 12
samples were divided equally based on the temperatures
50°C, 60°C, 70°C, and 80°C during the drying process.
Hence, every pre-set temperature had 3 samples for analysis.
Meanwhile, the membrane filter used 3 samples. These 3
samples from the membrane filter were dried at a temperature
of 60°C. Figure 5 shows that every sample was filtered via a
vacuum filter pump. The samples’ filtration time and the
weight of wet microalgae were recorded.

Figure 5: Vacuum filter pump

2.7 Drying method

Figure 6 shows the design and fabrication of the drying
system. The wet microalgae paste was heated by a rod heater.
Blower fan blew the heated wave to the wet microalgae paste
to speed up the drying process.

The filtrate samples or microalgae paste at filter paper was
placed in the drawer. Then, the road heater was heated to the
pre-set temperature while the blower fan was on. The weight
of the microalgae pastes pre- and post- drying process were
recorded.

Drawer .
awe Filter

Water Container @

Figure 6:Drying System
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2.8 Extraction rate

Equation 1 shows the equation to find the dry weight
efficiency of microalgae. The weight before was the weight of
microalgae before the drying process and the weight after was
the weight of microalgae after the drying process.

Weight Before — Weight After
Weight Before

Dry Weight Efficiency = x100%

(1)

3. RESULTS AND DISCUSSIONS

3.1 Process of filtering

Based on the samples prepared in Section 2.6, the filtering
process was conducted in a lab-scale because the filtering
system in the existing pilot plant was not suitable. The
existing filtration system did not have a pressurized filter,
which lengthens the filtration duration. The filtration of
microalgae separated the water content in the sediment of
microalgae culture. The microalgae culture was poured
slowly to ensure the filtration did not take a longer time.

(b)

@

Figure 7:(a) Filtering using grade 4 filter paper (b) Filtering using
membrane filter

Figure 7 shows the microalgae culture after being filtered
by a vacuum filter pump via (a) filter paper and (b) membrane
filter. On average, the filtration period for filter paper was
13.31 minutes whereas the membrane filter was 5.54 minutes.
Based on the obtained data, the filtration via membrane filters
produced a shorter period in comparison to filter papers.

3.2 Process of drying

Figure 8 shows the microalgae paste in the existing drying
system of the microalgae pilot plant for the drying process.
The drying process of microalgae was conducted in the
existing system because the drying system was embedded in
the pilot plant system.
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(b)

Figure 8:Wet microalgae in the drying system (a) Microalgae using
filter paper (b) Microalgae using membrane filter

s | 7

Drying Period (minutes)
w

2
1
0
50 60 70 80
Drying Temperature (°C)

Figure 9:Average drying duration

Figure 9 shows that the drying temperature was inversely
proportional to the drying period. When the drying
temperature increased, the drying period decreased. This was
a result of the heat released from the heater coil at 80°C,
which was greater than the initial pre-set temperature (50°C)
and it shortened the period of the drying process.

3.3 Comparison between filter paper and membrane filter

Figure 10 shows the comparison of filter paper based on the
recorded weight or the initial weight of the wet microalgae
and the weight of dry microalgae. Besides, the filtering period
for each medium of filtration, and the drying period were
recorded for comparisons. The recorded data was at 60°C
drying temperature.

Based on Equation 1, the efficiency of the filter paper was
39% whereas the efficiency of the membrane filters was 53%.
Therefore, more microalgae were harvested via the membrane
filter as a result of smaller pore sizes in comparison to the
filter paper. Additionally, the filtration period for the
membrane filter was faster with 5.13 minutes in comparison
to 13.31 minutes for the filter paper. Although the pore sizes
of filter paper were bigger than the membrane filter, it
required more time to filter the microalgae culture. This
happened because the microalgae culture clogged up at the
pores of the filter paper. When the pores were clogged, despite
the large pore sizes, the particles of microalgae could hardly
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pass through the pores of the filter. Then, the microalgae
culture flow became slower and prolonged the filtering
period.

18
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Before () (9) Period (min) (min)

Figure 10:Comparison of filter paper

Both the filtering mediums used the same pre-set
temperature for the drying period. The result showed that the
drying period was almost the same and did not have any
significant difference. In conclusion, the membrane filter was
better because it harvested more microalgae than filter paper
and therefore, the filtration process was less time-consuming.
However, it cost more than filter paper.

3.4Dry weight of microalgae

For this analysis, the filter paper was used to investigate the
effect of different drying temperatures. The harvesting
efficiency of filter paper was lower compared to the
membrane filter. However, the existing microalgae pilot plant
filtering system used the filter paper. Hence, it was necessary
to study the suitable drying temperature to obtain the optimum
harvested microalgae via filter paper.

0.8
0.7 BWeight Before #Weight After
2 06
= ™ s S g
g% 8 8 3 8
™ g
% 0.4 P S S
2 03 | | Z
g 02 %
01 .
50 60 70 80
Drying Temperature (0C)

Figure 11: Average weight of microalgae-based on drying
temperature
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Figure 11 shows the average weight of microalgae, which
was harvested from the microalgae culture (weight after).
However, the harvestable dry microalgae did not exhibit many
changes for the drying temperature above 60°C in comparison
to 50°C.

0.4
ODry Algae =Waste
0.3
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50 60 70 80
Drying Temperature (°C)

Figure 12:Dry microalgae weight in wet microalgae

Based on Equation 1, about 37%, 39 %, 39%, and 40% of
dry microalgae weight was extracted from the microalgae
paste for the drying temperature of 50°C, 60°C, 70°C, and
80°C respectively. Figure 12 shows the balance weight, which
represented the water contained (waste) in the microalgae
paste. Results proved that at a high temperature, high
microalgae can be extracted. Therefore, a temperature of 80°C
harvested about 0.1367 gram of dry microalgae. However,
Figure 13 reveals that based on the drying temperature and
drying period, the most efficiently harvested dry microalgae
was at a drying temperature of 70°C. The 39% rate of
efficiency and a four-minute drying duration were the
standard temperature setting for this microalgae pilot plant.

6 0.2
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0 0.16 &
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E 4 p 3
5 012 &
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Figure 13:Drying temperature, drying period, and dry weight of
microalgae
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4. CONCLUSION

In conclusion, the membrane filter revealed to be a better
choice for the filtration process of the microalgae pilot plant.
It harvested about 53% of microalgae in comparison to filter
paper (39%). The filtration period was also faster compared to
the filter paper. However, it is expensive. The current
investigation found that at the drying temperature of 70°C, the
existing microalgae pilot plant provided the most efficient
outcome via filter paper. Additionally, a vacuum pump should
be added to the existing filter system to expedite the filtering
process.
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