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Researcher: Dr.Tanawan Pinnarat

Faculty: Faculty of Engineering Department: Chemical Engineering

ABSTRACT

In this study, the potential algae-biodiesel production processes have been reported. Biodiesel can be

replaced the use of diesel with environmental benefit. An ASPEN PLUS software was used to find the proper
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RFOCH S Oplop L & HOCH + R,C0GCH,
R,COOCH, R,L00€CH,
Diglyceride Monoglyceride

Y ey Catalyst " HOTH:

HOCH A YON B HOs TP HOCH + RE0DgH,
RyEOBEH, HOCH,
Monoglyearide
R,COOCH, Catalyst HOCH,  R,COOCH,
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reaction: RECOOC".H e ie ol e me—" HO?H + R,COOCH,

R,COOCH, HOCH, R,COOCH,
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Optimization of Algae Biodiesel Production by acid transesterification
using ASPEN
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Abstraci—Biodiesel production from algae via acid catalysis
transesterification was studied and simulated by ASPEN. The
objective of this work is to show the possibility of high yield
biodiesel production from algae. The temperature range study is
55-850C and molar ratio of methanol to oil in the range of 1:l-to
9:1. The simulation supgested that yield of methylester-or
biodiesel increases as temperature or molar‘ratio“increases.
However, the increase in yicld with these paramefer change the

composition of the reaction products which are the -main?

parameter that should be consider intheseparationstep.

Keywords-Algae, Biodiesel, Transesterification, Esterification,
Sulfuric Acid

1. /INTRODUCTION

The energy demand is increasing-continuously 4s\increases
in industrialization and population. The basic sources of energy
are petroleum, natural gas, coal, hydro-and nuclear. The major
disadvantage of using petroleum-based- fuels is pollution.
Petroleum diesel combustion’is a-major source of greenhouse
gas (GHG). Apart from these emissions, petroleum diesel is
also a major source of other air contaminants-including ™NO,;
SO,, CO, particulate matter-and (volatile organie compounds,
Biodiesel is one of an alternative fuel for diesel. The use of
biodiesel can reduce environmental emission [1,2] with similar
efficiency compared to petroleum-based diesel [3,4].

Biodiesel is usually ‘made from vegetable, oils-such. as
rapeseed, soybean, palm or other-oil crops. Triglyceride, is-the
main component in these crops, when reaet” with “alcohol
(usually methanol) via transesterification reaction will produce
fatty acid alkyl ester or) known=as biodiesel:,  The
transesterification can be catalyzed by either alkali or acid [5;
G]. It has been known that impurities'such’as water and free
fatty acids (FFAs) inhibit the reaction, Water less than 0.06
wt% and free fatty acid below 0.5 wt% arerecommended [7].

Recently, microalgae are one of the interesting.sources. for
biodiesel production. The advantages of using this feedstock
are higher yield of oil per cultivation area, higher biomass
production and faster growth compared to other oil crops.
Microalgae can be used as CO2 sequester of flue gases emitted
sources, resulting in reduction of a major greenhouse gas
emission.

There are many researchers conducted on algae biodiesel
production. However, these studies are still in the laboratory
scale or pilot plant scale not yet applied in the industrial scale.
Therefore, we need to study the optimal condition for. algae-
biediesel production before invest in an industrial scale. In this
study we focus“en. two.main variables, temperature and molar
ratio of methanol to oik(iriglyceride/FFAs) using sulfuric acid
to catalyze in transesterification'reaction.

1L METHOROLOGY

We-nsed. the following.concept to, perform the analysis in
thisstudy.

» Gathering \the related information’ of algae biodiésel
production

» Chose the appropriate condition range

e Design the processmodel using ASPEN PLUS 11.1

s Determine the optimum conversion by adjusting inlet
condition (temperature and molar ratio of methanol to oil)

Our -raw material-algae;~has .fwo “main components,
triglyceride and frec fatty acids (FFAs), to_produce biodiesel.
Therefore  we chose triolein. (Cs;Hjg306) to represent
triglyceride and oleic-acid (Cygts40,) 10 represent FFAs in
algae by the ratio of 95% triolein and 5% FFAs on dry weight
basis. [8} We used ‘the “ELECNRTI as thermodynamic
property model in ASPEN:

Two reastions-will occur simultaneously when algae react
with ‘alcohol’, (methanel) namely transesterification and
esterificatian as shown in equation (1)and (2).

Triglyceride + 3Methanol_—" FAME (Biodiesel) + Glycerol (1)
FFAs +Methanol— FAME(Biodiesel) + Water )
Remark:| Triglyceride= Triolein, FFAs = Oleic acid, FAME =
Methyl Oleate

We simulate the algae-biodiesel production process as
shown in Figure 1. The conditions used in the simulation are
listed in Table 1. The kinetics of both transesterification and
esterification were obtained from Marchetti’s work [9] and are
shown in Table 2
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Figure 2../Glycerol stipercritical water reforming:process

TABLE L. UNIT OPERATION AND CONDITION IN ALGAE-BIODIESEL
PRODUCTION
Unit Description Condition
Mix 1 mix fresh methanol and recovered-methanol BSSC
Mix 2 mix methanol and sulfuric acid A5°C
Heat 1 preheat mixture of methanol and sulfuric 60°C.
before trans/esterification reaction
Heat2  preheat oil before trans/esterification reaction 60°C
Cool I Reduce temperature of recovered methangl 65°C
before mix with fresh methanol
Cool2  Reduce temperature from flash drum before neutralization’' +25°C
CSTR Trans/esterification reaction
Parameters used in this unit
Temperature = 40°C to 100°C, Pressure 1 atm
Residence time = 8 hours
Methanol to oil ratio = 1:1 to'9:1
Sulfuric acid | %wt of dry algae
Flash Recover methanol from others component 127°C
Neutral  Neutralize acid solution using CaO 65°C
Sep Separate salt produced from the neutralization unit 65°C
Split Separate water from recovered methanol
Radfrac  Distillate glycerol and FAME
Parameters used in this unit
-Number of stages 7 stages
-Reflux ratio 6
TABLEIl. KINETICS PARAMETERS OF TRANSESTERIFICATION AND
ESTERIFICATION REACTION [9]
~E
k= Ae " lrr A (U(mol s)) Ea(KJ/mol)
Transesterification 1.59 38.70
Esterification 9.50 37.99

.

RESULTANBD DISCUSSION

We studied the effeet-of temperature in the range of 40-
100°C -in, algae-biodiesel_production, using sulfuric acid of
1%wt.~ This temperaturé tange covers the boiling point of
methanol  (64°C).As_we: expeet; the yield of FAME or
biodieselvinecreases as’ the..temperature linereases (Fig. 2)
because., transesterification. and “esterification reaction are
endothermic reaction.  However, the results show that as the
temperature increases; more glycerol also’produced (Table 3)
and this may _lead to difficult separation-at the end. When
eperate at 60°C, we got high yield of 98°% and low glycerol
centent in product stream as shown in Table 3.

100 7=

97

| % Yield of FAIME

o

T " T T 2}
40 60 o 00 2

’ Temparature («C)

Figure 2. Effect of temperature on trans/esterification reaction in algae-

biodiesel production
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TABLE 1I1i. COMPOSITION OF PRODUCTION STREAM AT DIFFERENT
CONDITION IN ALGAE-BIODIESEL PRODUCTION

Temperature {-C) Mass fraction In FAME stream
Telolsin Methyl-glepte  Glycerol
10 0.0255 0.9646 0.0098
50 0.0149 0.9744 0.0105
60 0.0093 0.9797 0.0109
70 0.0061 0.9827 0.0111
80 0.0041 0.9846 0.0113
20 0.0018 09857 0.0114
100 0.0020 0.9865 0.0114
110 0.0015 059870 0.0115
120 0.0011 09874 0.0115
130 0.0008 0.5877 0.0115
140 0.0006 05878 D.0115
150 0.0005 09880 0.0115

Another important parameter that we studied.is' molarratio
of methanol to oil (triglyceride and FFAs). We varied the
value from 1:1 to 9:1. Figure 3 showsthatas the molarratio
increases from one to three, the yield is sharply-increased.
This is because in the process has two main reaction-occur at
the same time. Tranesterificationreaction required molar ratio
of methanol to triglyceride/of3:1 but.esterification reaction
required only molar ratio of methanol to-FFAs. of 1.
Therefore, the increase of methanol from molar) ratio,of
methanol to oil of 1:1 to/3:1 will accelerate’ the Teaction-in
esterification because /it us¢ éxcess “methanol- and, enough
methanol for transesterification in this case. 'When we further
increase the molar ratio from.3:1 to 6:1, the yield is slightly
increases. In this case of molar ratio of methanol'to oil-of 6:1
methanol are in excess for "both seactions.. However,
additional methanol in the® process beyond 6:1<.does not
improve the yield because it-already reaches it-equilibrium
point. This results show that only small amount of methanol
is needed in the molar ratio of 6:1. The resvlts we obtained
here is lower than the one found experimentally. for acid
transesterification [2], which use high-amount of methanel to
oil of 30:1. This might be because in our case\we-have two
reactions, transesterification ‘and. esterification. The
esterification is faster reaction than transestérification and
required less methanol to produce the'biodiesel. In addition,
the FFAs in the reaction might act as“acid, catalyst that
promote the reaction resulting in faster/easier ‘production of
biodiesel [10].

1w
E 60
£
‘5 -_—
o 40
@
> /
*x
— 20 J
0 ' . : . -
2 3 4 5

Methanol to oil ratio

Figure 3. Effect of methanol to oil molar ratio on trans/esterification reaction
in algae-biodiesel production -

IV. . CONCLUSION

We showed the potential -of biodiesel production
from /algae ‘with reasonable operating condition compared to
the traditional one-exists for other oil crops. High yield can be
obtained at.mild ‘condition 6f 60°C andymolar ratio of 6:1. The
ASPEN simulation can help-give us an idea on the feasibility
of trans/esterification using_sulfuric acid, in algae-biodiesel
production.
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