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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
biodiesel production conditions. We chose two potential simulate processes to study. The first method is in situ
trans/esterification process. The second method is the two-step process (Hydrolysis and Trans/esterification).
In the first process, temperature and molar ratio of methanol to oil were investigated. The range of temperature
study was 50 to 120 °C, while molar ratio of methanol to oil was at 3:1 to 90:1. The optimum conditions for
the in situ trans/esterification process in this range was found to be at 80 °C and molar ratio of methanol to oil
of 30:1, which yield biodiesel of 99%. For the second process, the two-step process, we only studied the
second step (Trans/esterification). The range of temperature study was 260 to 340 °C (Pressure of 8 to 20

MPa), molar ratio of methanol to oil was at 1:1 to 1:9. The yield biodiesel of 85% was obtained at 300 °C

under 13MPa and 3:1 of molar ratio.

Keyword: Trans/esterification Reaction, ASPEN Simulation, Biodiesel
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Botryococcus braunii - 25—?’5
Chlorella sp. 28-32
Crypthecoc_:linium cohnii 20
Cylindrotheca sp. 16-37
Dunaliella primolecta 23
Isochrysis sp. ’ 25-33
Monallanthus salina N ‘ 20
Nannochloris sp. 20-35
Nannochloropsis sp. 31-68
Neochloris oleoabundans 35-54
_Nitzschia sp. 45-47
Phaeodactylum tricornutum 20-30
Schizochytrium sp. 50-77
Tetraselmis sueica 15-23
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Botryococcus sp.  C. vulgaris  Scenedesmus sp.

Plamitoleic (C16:1) 4.8 Taiseyy sz
Margaric (C17:0) 0.8 0.1 0.7
Stearic (C18:0) 43 3.4 3.0
Oleic (C18:1) 55.7 16.3 57.2
Linoleic (C18:2) 34.2 79.43 6.8

Alpha Linoleic (C18:3) 0.2 0.1 22
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R.COO?Hz Catalyst ~ HOCH,
h |
R,COOCH + CHOH ——2 R,C00CH + R,COOCH,
R,COOCH, R,COOCH, ‘
Triglyceride Diglyceride
HO?H2 Catalyst HO(I:Hz
R,COOCH + CHOH > HOCH + R,COOCH,
R,;COOCH, R,COOCH,
Diglycerida Monoglyceride
HOCH, Cotalyst  HOCH,
[ |
HOCH + CHCH ———* HOCH + R,COOCH,
R,COOCH, HOCH,
Monoglycaride
R,CO0CH, Catalyst ~ HOCH,  R,COOCH,
|

I

reaction: R,COOCH 3 CH,OH M. HOCH + R,COOCH,

' 3 ¢ i ] 4
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R,COOCH, HOCH, R,COOCH,
Triglyceride Glycerol Methyl esters
(Biotlessl)
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HO —C—R, + 3 O =2 H—C—OH +HO—C—R,
H H
CHO™C™R, H—C—OH  HO—C™R,
H
Triglyceride Water Glycerol Fatty Acids
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aeilou kg/hr Yowt
RICERT
-Triolein 1,729 95% 95
-Oleic acid 91.05* 5
nsadafa3n (1%Ianhminueniui)
* JMsmuInaIniseg lWanmneuan n
masfi 3.2 anmegmsauiuaulumbnlgians
HUW  ASPEN block wihi ANNEMIAUUUNT
BI Mixer NN LAY N3 fuwmIuea g
hnduun 14 7
B2 Mixer WEuINI AL NIAT AN IS N 255
B3 Heater wanitdounnudoulifumioauaznsa
FailBniiguugifimnzaunoui
U umsudremnoIindy
B4 Heater wanudounudeuliiuiudqumngii
manzaunouifAsoms wdresmes Mindu
BS RCSTR mifisemsudiemmeI indu
FadsiilumbeU§ifnsi
- QUNQI = 50°C 14 120°C, AWMU 0.101 MPa
- 53z IMIUERze = 1-15 42 Tug
- sasrdau TaeTuamwmiuoaden i = 3:1 54 901
- nsadailiin 1% lanhminveniniuninamide
N udemnosThaiy ; -
Triolein + 3Methanol ---> 3Biodiesel + Glycerol
mNoIInTY :
Oleic acid + Methanol ---> Biodiesel + Water
B6 Flash2 uonmeariierhngy 114w 120°C
B8 RStoic masazawltilunanTaslduaadouoenled  6sec
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-Reflux ratio 6
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FFAs + MeOH <---> Water + Methyl Esters (Biodiesel)
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k = Ae RT A Ea
Transesterification [26] 9.03x10" 87.80
Esterification [27] 5.89x10" 23.14

A = pre-exponential factor (I/(kmol'hr) , Ea = activation energy(kJ/mol) =
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Tao 19 ASPEN PLUS
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ﬁmaxﬁ“l%’ BRIRALGE E:A. Ehimen tiaizne[6]
ASPEN
60°C 0.101 MPa 60 W17 0.88 0.87
sasdIao Iuavosumueanen iy 125:1
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sas1au TnoTuaveuumueadoriniu 125:1
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2.1 1avanszuIumsiaaly)sunsn ASPEN PLUS

° o ¥ g a . ¢ as o
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3 4 a 5 W 4
velgaumsmamos Tu laulindiuy UNIQUAC (UNIversal QUAsiChemical) (199910 1un5 2013
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dmfumsinalfasniivsznoudas 2 Yuneuin Yuaeuusnionsinlfnsonlelas lada
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g luvunouiivehmmsedlendalidadiuaiuasni 3.6 i ldanudouTavamisorh1¥ifans
1 9 1 et = s @ A (Y] f . |. & o 9
uensyInneummwiiinulasnfiwe lsduagnsa lniudaszegmnioen Id Tasdogazsi i
Uszndalag hidearinunszuumsuda sudonduiiumsianinzgumgil 250°C finudu 11 MPa
: 1 o @ ' g g 1 o a ~ N Ee
FannmsinnuNgurgiuaza Ay lugeiliugeanngmsduiivmsinnnzay [12] 9imiv
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9 1 A Ao 1 a Y o aan A | Aaas a 5 L7} @ A
NDUTATHINWFIUAATIUNTUATT NN 3.7 i}m‘lﬂﬂ'ﬂ]{]ﬂ'ﬁﬂ'}ﬂum‘ﬂ?uﬂﬁ‘IﬂfJiJ‘]JQﬂﬁEJ'lLﬂﬂ‘lluW'iﬂﬂJﬂuﬂﬂ'ﬂ
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i aan 4
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EY
doundunalfisvnemmosfindulfisvidounduiiosnnannsamalddluanizil nazanay

anqildlumsfiaonszuaumsuans ldfams1ei 3.8 uaz 3.9 tagnszuumssianedagyii 3.2

5190 3.6 edlounlFlulgisn lolas lada

aoilon kg/hr Yowt
M1
-Triolein 1,729.95 19
-Oleic acid 91.05 1

-Water 7,284.00 80
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awilou ke/hr %owt
AT
~Triolein 592.39 7
-Oleic acid 1,179.71 13
-Water 7,214.56 79
-Glycerol 118.31 1
sasraau Tae Tuawmuoaneyiiy - 1:1,3:16:1,9:1
maafi 3.8 anzmsaniivalumiznlfians
WU ASPEN block i ANIEZAISAUTUNS
B1,B2  Pump, Heater rivgaimgiinazanusu lfinnz oy 250°C 11Mpa
| nowinlgnsen lalas lada
B3 RPlug s lelas lada
_ Sl fidnsi
- QUYL = 250°C, ANWAN 11 MPa
Ugninlalnslada:
Triolein + water ---> Oleic acid + Glycerol
B5 Mixer HAMMUDALAZHAAT AT 13910
msmhlgnser lalas laga
(lnsndielsdiaznsaluiidassiimde)
B6 Heater rivgagi iz auteunisi
Uisemaidieamesiindy
B7 RPlug Wfisemadioamesindu

aulsnlylurred §inmsil

- QUM I = 260 §19 340°C, AIWAU 8-20 MPa

a

@ 1

- damraau TasTuammueaderiii = 1.1 73 9:1
Ugnsemaudoameiiniu:
Triolein + 3Methanol ---> 3Biodiesel + Glycerol
UfnseneammesHlindy :

Oleic acid + Methanol <---> Biodiesel + Water
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M99 3.8 (7A0) An1azmsduiinaulumizol§ians

W10 ASPEN block ni e T
B8, B9 Valve, Cooler angunginazaNuau Iz 110°C
NOWIEMsIoNMNILDA
- BI0 Flash2 HONIMILDALAY e BNINHAA T 110°C
B11 RadFrac nauwenndreseauas luTofiva

aaudsili el fiRn sl

¥ 3
- TIUIUFUY 11 U
- Reflux ratio 2

,:; ] c; = = an I 1 = o = o = ey w
M319n 3.9 masnvesmsinalgnie lalas lada nudiommestinduuaziodmes ady

. —Eal )

k =Ae "'RT A Ea
Hydrolysis [28] 11 38
Transesterification [29] 3.33 38.4°

b
145 47.1
Esterification [30] 5.0x10° 5
Esterification(reversible) [30] 7.9 23.2

A = pre-exponential factor (min'][molfmol of oil]'l), Ea = activation energy (kJ/mol)

(a) dmMTugUMYNTUH 200-270°C, (b) dmTugaumgiilugag 300-487°C

2.2 MIATIVAOUANNUNUNVBINTTIN0INITZUIUNT
1 o P 9 g’J A o o g
Tunisasnaeuanuuudivesnszuaumsndszneuludrs 2 Tureuiiinssiassdan
Tusunsu ASPEN PLUS aiidn1izaag il lunszuaunsnaatuTedianinamseannisnaans
wandianslunszuaumswani 14910 TUsunsy ASPEN PLUS ud21ie Yield 7t 18u1aRouiftouriy

NaN1INABB9939 Fauand ldnan15199 3.10 waz 3.11
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M3 3.10 Awandnvesnsa luiiudass Tavlfnsenlelas lagavinmisnaaoanazoinmsiiaos

nszuIuM3 1neld ASPEN PLUS

anneild AMWanaAUINIA luiudasy
HUUTIADI ASPEN Eiji Minami 1ag g [31]
" 270°C 20 MPa 60 W17 0.94 0.90
300°C 20 MPa 40 W17 0.95 0.90

- maei 3.1 Awmanaaves luTeRwa(FAME) TaoU§zomsudieameifinduainmanaaoaas

"ﬁ’lﬂﬂ'l‘iif’lﬂﬂdﬂ‘jzU'Juﬂﬁiﬂﬁﬂﬂ? ASPEN PLUS

annmenly AwananvedluTedwa

HUVIIAD9 ASPEN | H.He uazame [32]

310°C, 35MPa uag 0.81 ' 0.77

; C Y,
90518 2U 1ag TuauDuNN U a0 11U 40:1

11A15199 3.10 LAz 3.11 Mrananveansa lviusasznlanndjnsolelas ladauasluTe
= a 3 aan L4 = a o v
Awad ldainlgasemsmdreames linduainmasiananszuiunsineld ASPEN PLUS uazoin

o 9 [ ' o o 3 e a
MsnaaoIlm InafeInuuane uuudiasdnn ldsunsuennsout 1 1Eviuea a1z lunsaan 1y

Tofravinaniie 1a

= v e ' 4 @ o a P
2.3 msanwinudsniinananlosiduanananvolulofiva

= = Yo o aan o =Y LY 5 A o
mawaa luTefwalasld i msyil §semsmdremmoslindulutunouiiaeandsnnms

o aan = g) s { a o o C; c; g
ljnienlelas lagmineziidaulstdianuddylunisdSulfounielinademsiiuiiuues

e
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Yl Tefafishimsinuluniife dasidiulas Tuaveuwmusaderniu uazguugily

msmMURsemsudredmes lindu nanidinisi 3.12
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on31a9u Iee Tuamwniuoaniiy 1:1, 3:1, 6:1, 9:1
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Optimization of Algae Biodiesel Production by acid transesterification
using ASPEN

Nuchchanat Mordtad, Patt Sribenjaluk, Tanawan Pinnarat’

School of Chemical Engineering, Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520,

Thailand
kptanawa(@kmitl.ac.th

Abstract—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 1:1 to
9:1. The simulation snpggested that yield of methylester or
biodiesel increases as temperature or molar ratio increases.
However, the increase in yicld with these parameter change the
composition of the reaction products which are the main
parameter that should be consider in the separation step.

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

1. INTRODUCTION

The energy demand is increasing continuously as 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 organic 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 react 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,
6]. 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% are recommended [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. algac-
biodiesel production before invest in an industrial scale. In this
study we focus on two main variables, temperature and molar
ratio of methanol to oil (triglyceride/FFAs) using sulfuric acid
to catalyze in transesterification reaction.

1. METHODOLOGY

We used 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 process model using ASPEN PLUS 11.1

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

Our raw material algae, has two main components,
triglyceride and free fatty acids (FFAs), to produce biodiesel.
Therefore we chose triolein (Cs;H0406) to  represent
triglyceride and oleic acid (CygH340,) to represent FFAs in
algae by the ratio of 95% triolein and 5% FFAs on dry weight
basis. [8] We used the “ELECNRTL” as thermodynamic
property model in ASPEN.

Two reactions will occur simultaneously when algae react
with alcohol (methanol) namely transesterification and
esterification as shown in equation (1) and (2).

Triglyceride + 3Methanol — FAME (Biodiesel) + Glycerol (1)
FFAs + Methanol - FAME (Biodiesel) + Water 2)
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 supercritical water reforming process

TABLE 1. UNITOPERATION AND CONDITION IN ALGAE BIODIESEL

PRODUCTION

Unit Description Condition
Mix 1 mix fresh methanol and recovered methanol 25°C
Mix 2 mix methanol and sulfuric acid 25°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 methanol 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]

k= Ae lar A (U(mol 5)) Ea(KJ/mol)
Transesterification T 159 38.70
Esterification 9.50 37.99

.

fl]. RESULT AND DISCUSSION

We studied the effect of temperature in the range of 40-
100°C in algae-biodiesel production using sulfuric acid of
1%wt. This temperature tange covers the boiling point of
methanol (64°C).As we expect, the yield of FAME or
biodiesel increases as the temperature increases (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
operate at 60°C, we got high yield of 98 % and low glycerol
content in product stream as shown in Table 3.
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Figure 2. Effect of temperature on trans/esterification reaction in algae-
biodiesel production
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TABLE 1li. COMPOSITION OF PRODUCTION STREAM AT DIFFERENT
CONDITION IN ALGAE-BIODIESEL PRODUCTION

Temperature {-C) Mass fraction In FAME stream

Telolsin Methyl-glgate  Glycerol
ET 0.0255 0.9646 0.0058
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
90 0.0019 0.9857 0.0114
100 0.0020 0.9865 0.0114
110 0.0015 09870 00115
120 0.0011 09874 0.0115
130 0.0008 0.9877 0.0115
140 0.0006 05878 0.0115
150 0.0005 0.9880 0.0115

Another important parameter that we studied is molar ratio
of methanol to oil (triglyceride and FFAs). We varied the
value from 1:1 to 9:1. Figure 3 shows that as the molar ratio
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. Tranesterification reaction required molar ratio
of methanol to triglyceride of 3:1 but esterification reaction
required only molar ratio of methanol to FFAs of Il
Therefore, the increase of methanol from molar ratio of
methanol to oil of 1:1 to 3:1 will accelerate the reaction in
esterification because it use excess 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 reactions. 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 results we obtained
here is lower than the one found experimentally for acid
transesterification [2], which use high amount of methanol 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 transesterification 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].

| % vieid of FamE

40 /
20

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 of 60°C and molar 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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