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Abstract: The increasing demand for energy has resulted in the current worldwide energy
crisis. The uncontrolled use of fossil fuels has resulted in severe negative impacts on human health
and the environment. Therefore, an alternative, renewable natural resource is required to fulfill
the world’s energy needs. Indonesia has a potential alternative energy source: microalgae-based
biofuel is renewable and can be further developed. The aim of this study was to determine the
productivity of microalgae biomass, the effect of temperature and time on the transesterification
reaction, content and composition of biodiesel (FAME). The general processes were cultivation
using bubble column photobioreactors, harvesting, lipid extraction from the biomass, and
biodiesel synthesis using transesterification. The cultivation of 7.5 L Synechococcus HS-9
resulted in 5.3 g of microalgae wet biomass and 3.32 g/L of dry biomass. The synthesis of
biodiesel using transesterification was influenced by both temperature and reaction time. Here, a
5.5% biodiesel yield was obtained at 55 °C in 60 min. The highest biodiesel yield was 4.25% in
30 min at 65 °C. The FAME contents of Synechococcus HS-9 microalgae biodiesel were 3.16%,
18.96%, and 77.87% monounsaturated fatty acids, polyunsaturated fatty acids, and saturated fatty

acids, respectively.
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1. Introduction

Indonesia has relatively large energy resources from
fossil fuels; however, at some point, a crisis will occur
when the resources are inevitably depleted by the
increasing energy consumption. Between 2007 and 2017,
energy consumption in Indonesia increased by almost
38% and predicted to continue to rise in the future*?. In
addition, the negative impact of fuel consumption is very
worrying, to the extent that renewable natural resources
are needed as alternatives to meet the country’s energy
needs. According to available data on renewable energy
and fossil energy reserves in the world, Indonesia has the
potential to develop new renewable energy in fields such
as hydroelectric power plants, solar power electric
generators, geothermal power plants, marine energy,
bioenergy, bio-oil, biofuel (biodiesel and bioethanol) and
pure plant oil 3459,

As a country with rich natural resources, Indonesia
could develop biofuel and produce approximately 200
barrels per day (bpd) from the first and second generation
of biofuel 4. The largest production of biofuel in
Indonesia from palm oil (first generation of biofuels). A
potential environmentally friendly biofuel is biodiesel
derived from microalgae (the third generation). It is
primarily a sustainable, clean fuel that is environmentally
friendly, non-toxic and free of harmful sulfur”®). Biodiesel,
also known as the fatty acid methyl ester (FAME), is a
renewable fuel which is considered an attractive
replacement for conventional diesel fuels?.

Microalgae are a group of photosynthetic
microorganisms, so named for their ability to harness the
energy of sunlight and absorb carbon dioxide (CO2) from
the environment for photosynthesis. Microalgae biomass
contains lipids that can be used as raw material for
biodiesel and glycerin®V), The research and development
of biofuels such as biodiesel have been conducted for a
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long time, having gone through three development periods.

As a source of third-generation biofuel, microalgae yield
a higher percentage of biodiesel than first- and second-
generation biofuels derived from food and non-food crops
such as palm, palm oil, rapeseed, soybean, castor, and
gasification'? 13, On the basis of research carried out by
Rajvashi et al. in 2012, microalgae have a biodiesel
percentage of 70%, which is higher than that of corn
(44%), soybean (28%), castor (28%), sunflower (40%),
and palm oil (36%). Microalgae contain different
percentages of biodiesel. Chlorella emorsoni has 39.7%
biodiesel, Botryococcus braumii has 50.7%', Spirulina
maxima has 86.1%', Synechococcus has 37%'7,
Synechococcus elongates has 38.8%'®, Nannochloropsis
has 46%'9, Nitzschia sp. has 46 %2 and Synechococcus
sp. PCC7942 has 55.6%%Y.

Microalgae require a lengthy process to produce
biodiesel. Generally, the processes are cultivation,
harvesting, extraction of lipids from the biomass, and
biodiesel synthesis. Several studies have been conducted,
including that conducted by Amit Kumar Sharmaetal., In
2016 which examined Chlorella vulgaris. This study used
the raceway pond cultivation method and the harvesting
method used the flocculation and filtration processes.
Lipid extraction used the soxhlet method and biodiesel
synthesis using the transesterification method®?. Another
study conducted by Suzana Wahidin et al., 2016 which
carried out the cultivation of Nannochloropsis sp. using a
photobioreactor.  Biodiesel  synthesis uses the
transesterification method with the help of simultaneous
reactions in microwave irradiation®. In 2017, a study
conducted by M. Mashayekhi et al., Who used the
Synechococcus elongatus. The microalgae were grown in
a 500 mL erlenmeyer using BG-11 medium. Lipid
extraction used the modified Bligh-Dyer method and the
biodiesel synthesis process used the transesterification
method?¥.

In this study, bubble column photobioreactors (BCP)
were used for the cultivation of Synechococcus HS-9.
BCP is used more commonly than other photobioreactors.
Mixing and mass transfer were conducted by spargers
with external light supply. Photosynthetic effiency
depends on gas flow rate, which also relies on gas on the
light and dark cycle, the liquid is circulated periodically at
a higher gas flow rate from the dark central zone to the
external photic field. Photosynthetic efficiency can be
increased by increasing the gas flow rate®®. BCP is a
simple conceptual design and the most economical design
to construct®®, BCP use rising gas bubble to facilitate gas
exchange and mix the reactor. This approach controls light
and temperature to a certain extent but it a way that is cost
effective?”). The biomass obtained from cultivation was
used for lipid extraction via the Bligh—-Dyer method. The
lipids were then utilized for biodiesel synthesis by
transesterification. The effect of variations in reaction
temperature and reaction time on the produced biodiesel
was also investigated. Overall, this research is new:

specifically, the use of microalgae Synechococcus HS-9
from hot spring area in Banten-Indonesia.

2. Methods
2.1. Cultivation of microalgae Synechococcus HS-9

Microalgae cultivation was carried out using BCPs, and
the inoculation process was conducted by adding
microalgae inoculums and NPK medium into a 7 L
photobioreactor at a ratio of 1:35 v/v. The flow rate was 4
liter per minute (LPM) and measured using rotameter. The
light intensity was 1000 lux and measured using a Lux
Meter LX-1128SD. Cultivation was carried out until the
growth of the microalgae reached a stationary phase, and
then the optical density was periodically measured using
an ultraviolet-visual light (UV-VIS) spectrophotometer.

2.2. Net energy ratio analysis

The net energy ratio (NER) is an energy system
evaluation technique that is calculated by comparing the
total produced energy and the energy needed in a
production process?®. Here the NER value was analyzed
during the Synechococcus HS-9 microalgae cultivation for
60 days. The NER value indicates the energy economic
status of the production process, that is, the higher the
NER value, the more efficient the production process in
terms of using energy. The NER value of each superficial
gas velocity (Ug) be calculated based on Equations (1)-
(4)29):

NER = Zour 1)
EIN
Eour is energy that can be obtained from the biomass or
lipids produced (kJ) and En is the energy needed for the
aeration process in BCP (kJ). Eour value can be calculated
based on the calorific values of biomass or lipid generated.
Eour = Cx * Vp * Cal (2

Cx is the concentration of biomass or lipid (g/L), Ve is the
volume of the photobioreactor (L) and Cal is the caloric
value of the biomassa or lipid (kJ/g). Based on in a study
by Lardon L., the caloric value of a lipid (C4oH740s) was
38.3 MJ/kg®. E\y value canbe calculated based on the
power used and cultivation time.

En =PFg*t 3)
P _ pL*gxUg

P _ PL*9*Uc 4
47 1+‘:—‘Ti “)

Pg is the power used during the aeration process (W), t
is the cultivation time (s), V. is the volume of culture (m?),
g is the gravity (m/s?). Ug is the superficial gas velocity
(m/s), Aq is the area of the downcomer (m?), and Ay is the
area of the riser (m?). Ug values in the riser area can be
calculated between airflow velocity (Q) with the riser area.
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2.3. Lipid extraction

Lipid extraction was carried out via the modified
Bligh—-Dyer method by adding methanol and chloroform
(2:1 viv). Then, lipid was ultrasonication at a frequency of
34 kHz for 30 min, followed by adding chloroform and
distilled water (1:1 v/v) and subsequent cultivation, again
for 30 min. The product was separated using a centrifuge
at a speed of 6000 rpm for 15 min.

2.4. Biodiesel synthesis

Transesterification was used to synthesize microalgae
biodiesel with the aid of KOH as a catalyst. Biodiesel
synthesis included the addition of the lipid of
Synechococcus HS-9 and methanol at a molar ratio of 1:10
and a KOH catalyst of mass 5% w/w with respect to that
of the lipid. Then, they were heated at 60 °C using a
hotplate stirrer. After reaching 60 °C, the mixture was
reacted at a stirring speed of 250 rpm, and its temperature
was maintained for 60 min. After the reaction was
complete, the product was separated from the catalyst by
a centrifuge at 8500 rpm. The product was then separated
from the solvent by evaporation on a hotplate at 60 °C.
The experiment was repeated with variations in the
reaction time (30 and 90 min) and temperature (55 and
65 °C).

2.5. Biodiesel characterization

Biodiesel characterization was performed by
calculating the amount of biodiesel yield, composition,
and fatty acid methyl ester (FAME) content. The biodiesel
yield produced was calculated using Equation (5):

Ye(%) = =2 x 100%  (5)
b my,

Experimental set up and flow chart of the process
biodiesel synthesis as shown in Figure 1 and 2.

Photobioreactor

Membrane

filter
Rotameter

Aerator _

Fig 1. Experimental set up
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Analysis of biodiesel characteristics
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Fig 2. Flow chart of research on biodiesel synthesis from
Synechococcus HS-9

3. Experimental results
3.1. Cultivation of Synechococcus HS-9

The cultivation process was carried out for 60 days
using NPK medium at 80 ppm3Y, an aeration rate of 4
LPM, a light intensity value of 1000 Lux, a culture pH of
8-6, and a temperature of 36-39 °C. The Synechococcus
HS-9 growth curves show biomass dry weight (X) and
biomass productivity (BP) over time (t) in Figure 3.

- 566 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 07, Issue 04, pp564-570, December 2020

35 - 0.8
AAAAA A A
3 L 0.7
25 " 96
A Los 2
%‘ 2 A o
s A 4 4 o %
- 0.3 &
Llaaa Ahdaan
0.5 A 0.1
0 A 1,
01 23 45 7101114162260
t (day)
AX ABP

Fig. 3: Relationship of biomass dry weight and biomass
productivity.

The dry biomass weight curve was obtained from the
linear relationship between biomass dry weight and ODsgag
in the form of an ODs4 calibration curve, whereas BP was
obtained from the relationship between biomass
concentration and cultivation time. In Figure 3, the weight
of dry biomass is proportional to the OD value measured
during the cultivation process. The dry biomass of
Synechococcus HS-9 obtained on the third day was 1.34
g/L, on the 16" day it was 2.23 g/L, and on the 60th day it
was 3.32 g/L. The optimum BP was 0.76 g/L/day.

3.2. Net energy ratio during cultivation

The total energy needed during aeration (Ew) in the
BCP was 582 x 107 kJ, and the total energy that could be
obtained from the biomass or lipids produced (Eour) was
1145.43 kJ. On the basis of these results, the NER value
in the aeration process during the cultivation of
Synechococcus HS-9 for 60 days using the BCP was 2 x
1075, whereas the average NER value per day was 3.3 x
107, The aeration process during cultivation was
inefficient (3.2 x 10 with 6-day cultivation) compared
with that found in previous studies using BCPs. Thus, the
average daily NER value generated was 5.3 x 1072 %2,

3.3. Lipid extraction

The amount of lipids that could be extracted was
influenced by microalgae biomass condition, type of
solvent, and extraction method. In this research, the
extraction of Synechococcus HS-9 as a biodiesel synthesis
material was carried out by the Bligh-Dyer method using
wet-based biomass. Here, lipid extraction results in a
35.90 g total wet lipid still mixed with chloroform.

3.4. Biodiesel synthesis

The synthesis of microalgae biodiesel was carried out
using  transesterification.  Transesterification  was
performed by varying the reaction time and temperature,
as these are parameters that affect the transesterification
reaction and biodiesel yield.

3.4.1. Effect of reaction temperature on biodiesel
yield
The reaction temperature was varied (55, 60 and 65 °C)
and the reaction time was maintained for 60 minutes. On
the basis of Figure 4, the yield of biodiesel was 5.5% w/w
at 55 °C, 5.3% w/w at 60 °C, and 3.6% w/w at 65 °C. The
highest yield of biodiesel was produced at 55 °C and did
not significantly differ from that obtained at 60 °C. This
can be explained as follows. An increase in temperature is
followed by an increase in the reaction speed (biodiesel
formation). The higher the temperature, the greater the
resulting conversion. When the reaction speed increases,
the required reaction time reduces. This is inversely
proportional to the relatively long reaction time, such that
the number of triglycerides that function as reactants is
insufficient for longer reaction periods.
6

Yield biodiesel (%)
[#5] = Ln

(]

—_

55 60 65
T (°C)

Fig. 4: Effect of reaction temperature on biodiesel yield.

3.4.2. Effect of reaction time on biodiesel yield

The reaction time was varied (30, 60 and 90 minutes)
and the reaction temperature was kept constant at 65 °C.
The choice of temperature, 65 °C, was kept constant
because at that temperature methanol approaches its
boiling point. Figure 5 shows that the reaction time is very
influential on the produced biodiesel yield. In the 30-min
synthesis, the biodiesel yield was 4.2% wi/w; for the 60-
min and 90-min reactions, the yields were 3.6% and
3.55% wi/w, respectively.

4.5

4

(V8]
W ta
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0.5
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Fig. 5: Effect of reaction time on biodiesel yield.
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3.4.3. Content and composition of biodiesel

As shown in Table 1, the composition of fatty acids
formed from Synechococcus HS-9 microalgae biodiesel
was dominated by saturated fatty acids (39.7% n-
hexadecanoic, 14.88% tetradecanoic, and 11.12%
hexadecanoic acids, 15-methyl-, and methyl esters). The
second composition of fatty acids, namely
polyunsaturated fatty acids such as octadecanoic acid, was
15.63%. There was also a small percentage of
monounsaturated fatty acids, specifically 2.47% of oleic
acid.

Table 1. Composition of fatty acid methyl ester (FAME) in
Synechococcus HS-9 microalgae biodiesel

No. FAME Molecular % Fa_tty
Formula acid
w/w)
9-Hexadecanoic
1 | acid, methyl CirHs2 0,35
ester, (2)- _ Mono
9-Octadecanoic unsatu
2 | acid (2)-, methyl CigHss 0,35 rated
ester
3 Oleic acid C18H34 2,47
4 Eicosanoic acid CaoHao 0,29
Eicosanoic acid,
5 methyl ester CaHa 0,65 Polyu
Heptadecanoic nsatur
6 | acid, methyl CisHss 2,40 ated
ester
Octadecanoic
7 acid CisH3s 15,63
Hexadecanoic
acid, 15-
8 methyl-, methyl CiHas | 6,98
ester
Hexadecanoic
9 acid, methyl Ci7Hzs 11,12 Satura
ester
Methyl ted
10 [ tetradecanoate CisHao 514
n-Hexadecanoic
11 acid CieH32 39,75
Tetradecanoic
12 acid CiaH2s 14,88

According to Table 1, the content of fatty acids found in
Synechococcus HS-9 was dominated by hexadecanoic
acid. These results are almost the same as those of a
previous study conducted by Prihnatini in 2018, where
fatty acids in the form of saturated fatty acids 16:0
[hexadecanoic acid/palmitic acid/ CH3(CH,)12COOH]
made up about 23.23 to 42.64%. This is because the fatty
acids contained in cyanobacteria cells are a phenotypic

group that can be used to determine the taxonomic
position, including for the genus Synechococcus HS-9 39,

On the basis of Figure 6, the values of
monounsaturated fatty acid, polyunsaturated fatty acid,
and saturated fatty acid were 3.16%, 18.96%, and 77.87%,
respectively. These results indicate that the FAME
composition of Synechococcus HS-9 allows it to be a
promising raw material for producing biodiesel because
the amount and ratio of fatty acids (saturated and
unsaturated) are key in determining the suitability of
microalgae as a raw material for biodiesel.

CONTENT (% W/W)

A
20
vy '

Monomsaturated  Polyimsamiated Samrated

FATTY ACID
Fig. 6: Percentage of fatty acid methyl esters.

4. Conclusion

According to our analysis, the cultivation of
Synechococcus HS-9 resulted in 5.52 g of wet microalgae
biomass and 3.323 g/L of dry biomass. Biodiesel synthesis
based on transesterification is affected by both
temperature and reaction time. In this study, a biodiesel
yield of 5.5% was obtained at 55 °C for 60 min, and the
highest biodiesel yield of 4.25% was obtained at 65 °C for
30 min. The FAME content of Synechococcus HS-9
biodiesel cultivated using NPK 80 ppm medium in BCPs
was 18.96% for polyunsaturated fatty acids, 3.16% for
monounsaturated fatty acids, and 77.87% for saturated
fatty acids.
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Nomenclature
Ye yield of biodiesel (%)
mg mass of biodiesel (gr)
my mass of wet lipid (gr)
Eour energy produced (kJ)
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1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

Ew  energy during aeration (kJ)

Cx concentration of biomass/lipid (g/L)
Vp volume of photobioreactor (L)
Cal calory of biomass/lipid (kJ/g)
Ps power (W)

t time of cultivation (s)

A volume of water (m°)

oL water density (kg/m®)

G gravity (m/s?)

Us superficial gas velocity (m/s)
Ay downcomer area (m?)

A riser area (m?)
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