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1. INTRODUCTION

Biodiesel is a clean burning renewable fuel made
using natural vegetable oils and fats. The utilization of liquid
fuels such as biodiesel produced from Jatropha oil by
transesterification process represents one of the most
promising options for the use of conventional fossil fuels.
Production of biodiesel through transesterification of Jatropha
oil significantly depends on four parameters such as reaction
time, temperature, oil to alcohol molar ratio and stirrer speed.

Fatty acid methyl esters (FAME) collectively known
as biodiesel. Biodiesel is obtained from renewable vegetable
oils such as Jatropha curcas oil and can be used as an
alternative fuel for diesel [1]. Biodiesel is a non-polluting,
locally available, accessible, sustainable and reliable fuel
obtained from renewable sources such as vegetable oils or
animal fats by transesterification [2]. One of the alternative
ways of biodiesel productions is produce from Jatropha
Curcas plant. Jatropha is one of such non-edible oils, which
has an estimated annual production potential of 200 thousand
metric tons in India and it can be grown in waste land [3].

Transesterification or alcoholysis is commonly
employed to convert vegetable oil to biodiesel in the presence
of catalyst. A number of processes have been developed for
biodiesel production involving either chemical catalyst like
acids, bases, both liquid and heterogeneous or biological
catalyst like immobilized or free enzyme [4]-[10]. There are
many research articles where alkaline transesterification for
biodiesel production is investigated [10]-[12], where raw
material with a high water or free fatty acid (FFA) content
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needs pretreatment with an acidic catalyst in order to esterify
FFA[13], [14].

Transesterification is influenced by different
parameters such as molar ratio between alcohol and
triglycerides, reaction time, catalyst concentration, and
reaction temperature [15]. For instance, an excess of alcohol
can guarantee the complete conversion of fats or oils to esters
in a short time. Usually, the molar ratio employed is 6:1 in a
presence of alkali catalyst. On the other hand, the conversion
rate of fatty acids esters increases with time and it has been
found that the yield reaches a maximum at the reaction time of
less than 90 min. Effects of molar ratio of alcohol and catalyst
concentration play a vital role in biodiesel yield [16], [17]. An
excess of reaction time will decrease the yield due to the
backward reactions and it will cause more fatty acids to form
soap. The catalyst also plays an important role since its
concentration increases the conversion of triglyceride, which
increases the yield of biodiesel [17], [18].

Effects of temperature and the reaction time are
investigated in case of biodiesel production from Jatropha
Curcas oil. With increase in reaction temperature, conversion
to biodiesel is also increased. But after a certain level of
temperature (above 50°C), biodiesel yield is decreased [19],
[20]. Thus, temperature is one of the most important control
variables in biodiesel production. So, an optimal temperature
profile is required for optimum production of biodiesel.

Transesterification of Jatropha oil suffers mass
transfer limitation problem initially. This problem can be
avoided by applying stirring on the system. Roy et al. [21],
successfully shows the effect of stirring on transesterification
by formulating a mathematical model. It is shown that 600
rpm stirring is optimal to avoid mass transfer problem. In this
research article, we have considered the model [21] and wish
to show the effect of temperature on biodiesel yield. Also, we
have determined a molar ratio which is suitable for biodiesel
production. Then using optimal control theory, an optimal
temperature profile is determined so that maximum amount of
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biodiesel can be obtained from transesterification of Jatropha
Curcas oil in a fixed reaction time.

In this paper, we study a optimal control problem
[26] in biodiesel production. For this problem, we are going to
find a temperature control policy that can change with time
using the AVK Method.

Il. TRANSLATING CHEMICAL KNOWLEDGE TO
ORDINARY DIFFERENTIAL EQUATIONS (ODE)

In formulating this model, we shall bring to fore,
relating ideas of ordinary differential equation in mathematical
modeling, structured as problem statement of optimization
control, which are solvable using well known method from
numerical methods.

To make ODE’s from chemical knowledge, We
Consider a model from [26] consisting of a six ordinary
differential equations.

In a laboratory, biodiesel can be produce by reacting
triglycerides with methanol. The reactions happen in three
reversible steps. During the course of reaction of triglycerides
and methanol, some intermediates (diglyceride and
monoglyceride) are considered. Therefore, we consider here
that three consecutive reversible reactions occurred during the
production of biodiesel. The schematic explanation of the
reaction is

TG+AL*’DG+BD
DG+AL*’MG+BD (2.1)
MG+AL“?GL+BD
Overall reaction: TG+3AL <7 3BD+GL.
For the formulation of mathematical model of

transesterification reaction system, the Following assumptions
are adopted [21]

i) Since there is little water (0.2% wi/w) in the reaction mixture
and negligible free fatty acids are detected in the system, so it
is assumed that only three consecutive reactions occurred [22],

ii) The catalyst used in this study has no positional specificity,
S0 it acts concurrently on any acyl-group,

iii) As mixing intensity in the reaction system directs the mass

transfer limitations between phases, so mechanical stirring is
one of the most effective factors in transesterification
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reaction. Here, we use ks as the mass transfer rate constant and
its unit is min™ and the term has been defined as below [21]:

[
"I"s T jag-bm+r

(2.2)
where N is the speed of stirrer and a, b and ¢ are constants.

The term is used in our model by the expression
*B
ks ¥ [1 B ]

Tax

Here & denotes the concentration of biodiesel and

Byox represents maximum biodiesel production in an ideal
situation which is defined as system having no mass transfer
resistance.

The unit of *5 Bmax is represented by moles/L.
The term has been used logistically because with the increase
of stirrer speed, the mass transfer resistance decreases and
beyond a certain stirrer speed the mass transfer resistance is
negligible. This is also evident from experimental
observations of other workers [23].

We denote the concentration of triglycerides,
diglycerides, monoglycerides, methanol (alcohol) and glycerol

by*T. ®p:%M, X4, X¢ respectively and by applying the laws
of mass action and above assumptions; we obtain the
following six differential equations.

dxg X
— = kyxexy —kyxpag + Kaxpx, —kyxyx, +koxgxg kg [1 ——}
dt : mas
dxr
e —kyxrx, thoxpxg
dxp
— = kyxpxy —kyxpxg—kyxpx, +kyx,x,
dxy

d_f:‘: k3xﬂxﬁ ‘|‘k4.xqux}q _k5xGxB +kﬁ-xﬂx3

-

d_:: “koxery Hhogip - bt o, —Kstpp TRty (23)

d.‘k-'c

Here ki, ko, ks, K4, ks, K, Bmax @nd ks are positive constants.

Here ki, ks, ks are forward reaction rates and k»; ki; kg are
backward reaction rates.
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The dependency of reaction rate constants on the temperature
ki, (i = 1 to 6), is expressed by the Arrhenius equation [20]:

k=
_Bi
e T
(2.4)
T is the reaction temperature, ai is the frequency factor, and
Ea,
Bi=——

in which E%; is the activation energy for each component

and R is the universal gas constant. The values of @i and p;
are given in Table(1)

Table 1 Values of Parameters used in numerical calculation

[20],[25]

Parameters | Valus Parameters | Valus
ety 3.02e] B 6614 .83
ez 3.77ed [A 4007 98
iy 3.88el2 [ GO03 06
(.098=10 T366.64
3.35e3 3231.18
2.15ed 4824 87

The Optimal Control Problem

Optimal control is useful for controlling a system.
Generally, we solve these type of problems by finding the time
dependent profiles of the control variable to optimize a
particular performance. Calculus of variations, dynamic
programming, pontryagin Minimum Principle and Maximum
principle are used to solve these problems. Using optimal
control theoretic approach, we try to find a temperature profile
for biodiesel production. To solve this problem, the maximum
principle is used[24].

The objective function for this problem is taken in the
following manner,

=X
MaximizeJir H{tf},
Subiject to the following system
ar; . : . . g
— = kgtedy —hyxp¥p thyxpty — kg m ke, Hhg|l-—

dt

hox

T
T —kyxpx, +hyxpxg
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dx

T o kxax, —koxnxe — kaXnX, + KiXyx
dt 17y 2%XpX g 3XpXa TR
dxy

it kngxA + kq_xMxA - k5x5x3 + kﬁxGxB

ax .
EA= —klxrxi + kgID,’IE - kESIDIA 1 kq,’IHIA - J'iil'{,lfg + k{,xgl'g

d.‘k-'c

(2.5)

The initial conditions for this system are,
xr(0) = xr, x5(0) = x,(0) =
%, (0) = 2 (0) = 0,2,4(0) = x_

The system (2.3) can be written in compact form as

dxi
E — fI, (ti X, T)
(2.6)
Where fl ("' - 1! '"’6) are the right sides of system

(25) and Xi (i=1,.... /6) are the state variables
representing the concentration of each components Xg,
Xr, Xp, Xy, X4, and X agy

the control parameter.

temperature (T) is

I11. DISCRETIZATION METHOD
We show the effect of molar ratio and temperature
on the system in a fixed stipulated time. Transformation of
the model was carried out using ordinary differential equations
and analysis performed by a numerical method solved on the
basis of a special discretization method called AVK method.

In AVK method, for solving the optimal control problem [26]

Maximize (6 T) = X5 [tf)
Subject to

dx

d_; =fi(t,x,T) ;_ 1,2,3,4,5,6

with initial values of state variables given:
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xp(0) = xg x5(0) =x5(0) =
€, 0)=x-(0)=0,1,(0) = xa,

Control variable T is boundedby: & =T = B

the following steps should be applied:

Step 1. Form the total error function E1 4
dx;
E,= ‘ dt _ fl' [tixJT)H

Step 2. Combine the total error function with the objective
functional as follows:

Maximize J[xr T) - Alxﬂ[tf) 1 4,

[ =7 @xm)

Subject to the initial values of state variables given:

xr(0) = X1, x5(0) = x,(0) =
%, (0) = 2(0) = 0,x,(0) = Xa,

where nonnegative numbers Asand A2 Gre two given
weights and 41 T 42 = 1

Step 3. Induce error control measure called the constraint to
the error,

o E(xT) <€

to the optimal control problem in step 2.
Therefore, the modified optimal problem arising from
equations (2.14)-(2.15), is reformulated as:

Axg(ts) + 4,

Maximize
|Z—r, x|
|5 —f. &% 1) <e

Subject to
2.7
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xr(0) = X, x5(0) = x,(0) =
%, (0) = 2(0) = 0,x,(0) = Xa,

Step 4. Calculate T(t;) by maximizing the optimal control
problem (2.17), using discretization method. Let the norm

function - be given as norm 1, and then we can solve the
optimization problem that follows :

Maximize
g z;;lﬁ{,llxﬂ[rf) + 4, ‘%— f; (t,x,T)H}

g=0

dx:
—i_f (txT ng
Subject to —— [, ({t,xT)

2.8)
xr(0) = X, x5(0) = x5(0) =
%, (0) = 2(0) = 0,x,(0) = Xa,

Thp AT,

Where 9= r L=t tig
x; = x,(t,) T, = T,(t,)
dx; o ST
=t; ~
dt g fori=0,1,2....r-1

1V. CONCLUSIONS

We use AVK technique to solve the above control
problem. This method represents a very attractive way for
determination of optimal control policies of chemical
processes. The methodwill be helpful for computer
performances. This will be useful for upcoming researchers.

V. ACKNOWLEGEMENT

This Paper work is supported by UGC Minor
Research project F.No: MRP6735(SERO/UGC).Dated June
2017

REFERENCES

[1] K. M. Rahman,M Mashud,, MRoknuzzaman. and A Al
Galib., Biodiesel from Jatropha Oil
as an Alternative fuel for diesel engine International
Journal of Mechanical and
Mechatronics 10, No.3, 1-6, 2007.

[2] G.B. Adebayo,0.M Ameen and L.T. Abaas , Physico-
Chemical Properties of Biodiesel

www.ijsart.com



IJSART - Volume 4 Issue 3 - MARCH 2018

produced from Jatropha Curcas Oil and fossil diesel
Journal of Microbiology and
Biotechnology Research, 1(1), 12 -16, 2011.

[3] Ginwal, H. S., P. S. Rawat and R. L. Srivastava,Seed
source variation in growth performance
and oil yield of Jatropha curcas Linn. in central India.
Silvae Genetica, 53(4), 186192, 2004.

[4] H.J. Berchmans, K. Morishta, T. Takarada, Kinetic study
of hydroxide-catalyze
methanolysis of Jatropha Curcas waste food oil mixture
for biodiesel production, Fuel, 104,

46-52

[5] F. Ataya, M.A. Dube, M. Ternan, Acid-catalyzed
transesterification of canola oil to biodiesel
under single and two-phase reaction conditions, Energy
and Fuels 21, 2450-2459, 2007.

[6] M. J. Haas, A. J. McAloon, Yee W. C., Foglia T. A, A
process model to estimate biodiesel
production costs, Bioresource Technology, 97, 671-678,
2006.

[7] M. Kaieda, T. Samukawa, T. Matsumoto, K. Ban, A.
Kondo, Y. Shimada, H. Noda, F.
Nomoto,Biodiesel fuel production
catalyzed by Rhizopus oryzae lipase in a
water-containing system without an organic solvent. J
Biosci Bioeng 88(6), 627-631, 1999.

[8] K. Komers,R. Stloukal, J. Machek, F. Skopal, Biodiesel
from rapeseed oil, methanol and
KOH 3: Analysis of composition of actual reaction
mixture, Eur J Lipid Sci Technol, 103(6),

363-371, 2001. International Journal of Biomathematics
and Systems Biology 9

[9] F. Ma, L. D. Clements, M. A. Hanna, The effect of
mixing on Transesterification of beef
tallow, Bioresource Technology, 69, 289-293, 1999.

[10] Meher L. C., Sagar D. V., Naik S. N., Technical aspects
of biodiesel production by
transesterification: A review, Renew Sustain Energ Rev,
10(3), 248-268, 2006.

[11] A. Srivastava, R. Prasad, Triglycerides-based diesel fuels.
Renew Sustain Energ Rev, 4(2),

111-133, 2000.

[12]Y. Zhang, M.A. Dube, D.D. Mclean, Kates M. 2003.
Biodiesel production from waste
cooking oil. 1. Process design and technological
assessment. Bioresour Technol, 89(1), 1-16,

2003.

[13]B.Freedman, R. O. Buitterfield,
Kinetics of Soybean Qil, J. Am. Oil
Chem. Soc., 63, 1375-1380, 1984.

[14] M. E. Bambase,N. Nakamura,J. Tanaka, M. Matsumura,
Kinetics of hydroxide-catalyze

from plant oil

Transesterification

Page | 2501

ISSN [ONLINE]: 2395-1052

methanolysis of crude sunflower oil for the production of
fuel-grade methyl ester, Journal of
Chemical Technology and Biotechnology, 82, 273-280,
2007.

[15]L.C. Meher,D.V. Sagar andS.N. Naik, Technical aspects
of biodiesel production by
transesterification a review Renewable and Sustainable
energy Reviews, 10: 248-268, 2006.

[16]H. J. Berchmans, K. Morishta, T. Takarada, Kinetic study
of hydroxide-287 catalyze
methanolysis of Jatropha Curcas waste food oil mixture
for biodiesel production, Fuel, 104,
46-52, 2013.

[17]Freedman B., Pryde EH, Mounts TL. Variables affecting
the yields of fatty esters from
transesterified vegetable oils, J Am Oil Chem Soc, 61, 16-
38,1984,

[18]D.Y.C Leung, Wu Xuan, M. Leung A review on biodiesel
production using catalyzed
transesterification. Appl Energy 2010;87:1083.

[19]Vyas A., P., Verma J. L., Subrahmanyam N. , Effects of
Molar Ratio, Alkali Catalyst
Concentration and Temperature on Transesterification of
Jatropha Oil with Methanol under
Ultrasonic Irradiation, Advances in Chemical Engineering
and Science, 1, 45-50, 2011.

[20]U. Diwekar, P. Benavides, Optimal control of biodiesel
production in a batch reactor Part I:
Deterministic control, Fuel, 94, 211-217, 2012.

[21]P. K Roy., S Datta., S Nandi., F. A Basir., Effect of mass
transfer kinetics for maximum
production of biodiesel from Jatropha Curcas oil: A
mathematical approach,
Fuel 134, 39-44, 2014.

[22]Y Xu ,W Du, D Liu. ,Study on the kinetics of enzymatic
interesterification of triglycerides
for biodiesel production with methyl acetate as the acyl
acceptor,J Mol Catal B: Enzymat,
32, 241-245, 2005.

[23]1 Poljansek., B Likozar., Influence of Mass Transfer and
Kinetics on Biodiesel Production
Process, Mass Transfer in Multiphase Systems and its
Applications, Prof. Mohamed EI-
Amin (Ed.), ISBN: 978- 953-307-215-9, InTech, 2011.

[24]L.S. Pontryagin , Boltyanskii V.G, Gamkrelidze R. V,
Mishchenko E. F, The Mathematical
Theory of Optimal Processes (Russian),
translation: Interscience 1962. ISBN 2-
88124-077-1 and ISBN 978-2-88124-077-5.

English

[25]H Noureddini., D. Zhu, Kinetics of Transesterification of
soybean oil, Journal of the

www.ijsart.com



IJSART - Volume 4 Issue 3 - MARCH 2018 ISSN [ONLINE]: 2395-1052

American Oil Chemists’ Society, 74, 1457-1463, 1997.
[26] Fahad Al Basir, Priti Kumar Roy, Optimal Control on
Temperature to Maximize Biodiesel
Production from Jatropha Curcas Oil:A Mathematical
Approach,International Journal of
Biomathematics and Systems Biology,Volume 1, No. 1,
Year 2014
[27]A. Woinaroschy, O. Raducan, Optimal Control by
Iterative Dynamic Programming,
12th Romanian International Conference on Chemistry
and Chemical Engineering

Page | 2502 www.ijsart.com



