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Abstract

In this modern technological age, one of the challenges facing the transportation industry, is

finding a less polluting substitute for diesel. Meanwhile, any kind of fuel due to the cetane number

specified in a diesel cycle cannot be utilized. One of the alternatives for this is biodiesel which is

indirectly obtained from animal fat in the presence of alcohol. Cost of biodiesel is more than that of

conventional fuels; therefore, optimization of industrial production of biodiesel is with major

importance. There are several methods to obtain the optimum temperature for biodiesel production

process. In this paper, genetic algorithm, as one of the strongest evolutionary algorithms, has been

applied to biodiesel production to obtain the best reaction parameters. Moreover, in order to have a

robust optimization, multi objective genetic algorithm is employed. The achieved temperature point

for maximizing biodiesel production was a wide range of temperature which can be illustrated as

Pareto front to help making the final decision. This study was aimed to maximize the amount of Ester

and Alcohol in this production and minimize the other products. This result can define a new strategy

for industrial biodiesel production planning.
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1. Introduction

Unlike petrochemical fuels which have crucial ad-

verse effects on the environment, biodiesel as an alterna-

tive fuel, amends the amount of toxic emissions. It re-

duces Unburned Hydrocarbons (UHC) by 21.1%, Par-

ticulate Matters (PM) by 10.1% and Carbon Monoxide

(CO) by 11.0%. Whereas, the amount of nitrogen oxides

will have a slight increase of 2.0% [1,2]. Biodiesel is also

desirable, due to its decrease of CO2 emissions by 78.0%

in comparison to petroleum-based diesel [3]. Zhang et al.,

have regarded biodiesel as a renewable, non-toxic and bio-

degradable fuel [4,5]. Rudolph diesel was the first to come

up with a diesel engine which could work with peanut

oil and after that, was Henry Ford (1908) who got involved

and designed a T model, which could run either on petro-

leum or ethanol. In 1937, Knothe clarified ethyl esters as

vital components of diesel fuels in Belgian Congo [6]. The

oil crisis of 1970s brought significant efforts in biodiesel

production. The transesterification of vegetable oils with

low molecular weight alcohols such as methanol or etha-

nol is currently the most common reaction. However, uti-

lizing methanol, due to its lower cost is more favorable

[7]. Bradshaw proposed a process in which 1.6 times the

stoichiometric quantities of an alcohol (methanol) was

added to an oil, in the presence of 0.1�0.5 % NaOH or
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KOH at the temperature of 80 �C and the result was 98%

conversion to alkyl esters and pure glycerol [8�10]. Re-

searches of scientists, such as Dupont and Colgate-Pal-

molive-Peet, on biodiesel production procedure are do-

cumented in patents of 1940s. There are several reaction

variables such as temperature, pressure, the molar ratio

of alcohol to oil, catalyst, time, governing the transesteri-

fication reaction and its efficiency. Scientists have con-

trolled these parameters to optimize the process. For in-

stance, Kreutzer (1984) clarified the impacts of high pres-

sures and temperatures (90 bar, 240 �C), which albeit re-

sults in higher costs, leads to transesterification of fats

without the conversion of free fatty acids [11,12]. Alka-

line-based catalysts cast a shadow over the commercial

biodiesel production, while scientists have carried out

experiments employing acidic and enzymatic catalysts.

Haas et al., have examined the acid-catalyzed esterifica-

tion to produce biodiesel from depleted oils. The feasi-

bility of this process depends on superfluousness of alco-

hol [13]. Kawashima et al., utilized 13 different types of

metal oxides as a catalyst in the transesterification con-

dition of 60 �C and with a 6:1 molar ratio of methanol to

oil in 10 hours and proved that by the calcium-based ca-

talysts, 90% yield of methyl ester will be reached [14]. In

spite of predictions to the contrary, researches proved that

it’s possible to react the oil and alcohol without the pre-

sence of a catalyst. Saka and Kusdiana have investigated

the process without any catalyst, at the temperatures of

300�350 �C and methanol to oil molar ratio of 42:1.

They obtained significant amount of esters while the re-

action only took 120 sec [15,16]. Dasari et al., have dis-

cussed the difficulties of reaching appropriate results

in the absence of a catalyst [17]. Ju et al., approached a

novel technique for biodiesel production without the use

of conventional catalysts. They have reached a biodiesel

conversion of 96.4% in 4 hours while using subcritical

water with a content of 9% [18]. Agarwal et al., have ex-

amined the effects of different types of catalysts on the

conversion percentage and illustrated that by using KOH

as a homogeneous catalyst conversion will be limited to

96.8%, while as a heterogeneous catalyst a conversion of

98.2% will be obtained [19]. Also, Guan et al., proved

that using R. Miehei Lipase (RML) with Mono- and Dia-

cylglycerol Lipase (MDL) after 12 hours at 30 �C will

yield 95 conversion percentage, though the conversion

percentage will be only 68.5, using RML alone [20]. The

reaction rate plays a determinant role in this process, par-

ticularly in the industry where the reaction time affects

the costs and energy consumptions. Leung et al., have re-

viewed this field and clarified that the reaction time and

purification steps will be lessen applying non-catalytic

supercritical methanol process, though it requires higher

pressure and temperature [21]. In an experiment done by

Maçaira et al., at a determined temperature (150�250 �C)

and pressure (250 bar) by adding co-solvent, supercriti-

cal carbon dioxide, in the presence of solid acids as hete-

rogeneous catalyst, the reaction rate became 20 times

faster [22]. Freedman cited the results of an experiment

aimed how temperature affects the reaction rate, and ob-

served completion in 1 hour at 60 �C versus a 4 hours

long completion at 32 �C [23]. In an enzymatic transes-

terification reaction, Lee et al., proved substrate feeding

would yield to a higher conversion in comparison with

direct methanol addition [24]. Lin et al., have investigated

the influence of free fatty acids (FFA) in transesterifica-

tion process and proved that the FFA percentage is an in-

fluential factor for reaction rate [25]. Anitescu and Bruno

conducted base/acid catalytic transesterification (BAC-

TE) and Supercritical Transesterification (SC-TE), and

demonstrated that the reaction time of the SC-TE method

is 5�6 min versus 1�6 hours in BAC-TE, moreover ap-

plying the SC-TE process will decrease costs to half [26].

Some scientists such as Boocock have introduced new

approaches to reduce the reaction rate and the alcohol

concentration [27�29]. Kawahara and Ono received a

patent on separating alcohol from the oil during the pro-

cess which leads to the removal of water produced by the

esterification reaction [30]. Guzatto et al., employed tran-

sesterification double step process (TDSP) and clarified

that the reaction time will be reduced and also less con-

centrated catalyst is needed [31]. Kiss and Ignat came up

with dividing-wall column (DWC) technique for the sep-

aration of methanol, water and glycerol which leads to

27% energy saving and 12% lower costs [32]. Some pro-
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perties of biodiesel is shown in Table 1 for more details

see [33].

The rest of this paper is organized as follows. As men-

tioned in Introduction, the main manufacturing point and

also the patents are considered during the early time of

biodiesel creation till now. For this reason, in section 3,

the biodiesel process is discussed shortly and only some

literature about biodiesel production will be reviewed.

Section 4 and five study the biodiesel differential equa-

tion and also genetic algorithm for optimizing the equa-

tions. In section 5, main result of the paper and the multi-

objective algorithm is suggested and results have been

shown.

2. Biodiesel Production Process

Biodiesel can be produced from new or used vege-

table oils and animal fat. The renewable diesel fuel from

domestic resources to Routes. The fuel is biologically de-

gradable and when it used as an ingredient requires mini-

mal changes to the engine to replace gasoline. Vegetable

oils can produce chemical compounds - which are called

Esther - with an alcohol (usually methanol) are combined.

Since these esters are used for fuel, called biodiesel. Gly-

cerol (which is also used in pharmaceutical and cosmetic

products) is produced as a byproduct of biodiesel pro-

cess recently named Transesterification. Triglycerides, is

the combination of an alcohol called glycerol and three

fatty acids. TG has a more potential energetic form of su-

gar. Moreover, this molecule is chemically inert mole-

cule. Triglycerides are original parts of very low density

lipoprotein proteins. (VLDL) and chylomicron (CHY).

Glyceride in oilseeds and animal fats is abundant. It is

broken to monoglyceride, diglyceride and free fatty acids

via natural enzymes (Lipase). Glycerin, has three operat-

ing groups hydroxyl that could be esters via one, two or

three fatty acids, and make monoglyceride, diglyceride

and triglycerides. Glycerin, is an alcohol Three-factor for-

mula C3H5(OH)3. Glycerine is a clear liquid, colorless,

odorless, sweet, hot and absorbs moisture in the air slowly.

Glycerin is soluble in water and ethanol whereas is not

resolved in organic solvents such as chloroform, ether,

benzene. Most compounds are dissolved in water or al-

cohol, soluble in glycerine [34�37]. In Figure 1, the pro-

duction reaction of biodiesel is explained.

3. Differential Model of Biodiesel Production

The differential equations of biodiesel process is well-

thought-out below [33].

(1)

(2)

The parameters ai and bi are shown in Table 2.

This model is a set of equations which show the con-

centration of many material during the biodiesel process.

The solution of these equations lead to a variety of solu-

tions may not be optimum for biodiesel concentration.

The temperature parameter is the main value employed

here to do this production efficiently.

4. Maximizing the Production of Biodiesel

Using Genetic Algorithms

Since that the other material used in biodiesel process
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Table 1. Physical properties of biodiesel

Specific weight Viscosity at 20 �C (C stock) Cetane number Filter cold junction (�C) The net heat value (KJ L)

0.88 7/5 49 -12 33300



must be tuned well. In this section, the goal, is to increase

the concentration of biodiesel during the reaction.

4.1 Introduction of a Cost Function

In this case, the cost function is proposed as the max-

imum amount of fuel produced. The following equation

is the mathematical consideration. Genetic algorithm

builds up the global minimum point for its process. There-

fore the cost function is described as the maximum inte-

gration of biodiesel concentration during this process.

(3)

Genetic algorithm is a special type of evolutionary

algorithms using natural techniques like crossover and

mutation. Generally speaking, Darwin’s principle of nat-

ural selection in genetic algorithms is applied to find the

optimal formula for predicting. Genetic algorithm tech-

niques are often a good option on regression has predic-

tion based. The problem must be solved is input and the

solutions are encoded with to accordance of a template

named functional fitness [38]. The most of them are ran-

domly selected. Flowchart of how this algorithm applied

is shown in Figure 2 and the variables associated with the

implementation of these procedures done in software is

located in Table 3.

In this section, three variables were defined for the

algorithm, which shows that the concentrations of tri-

glycerides and methanol should be at its maximum tem-

perature of 344 k. Biodiesel and glycerin are shown in

Table 4 and Figure 3.

4.2 Multi-Objective Optimization

Here, the aim is not only to increase metabolic rate,

but also, keeping a large amount of alcohol wthin the pro-

cess, the economic cost could well be down as well as

other material risks can be reduced, which ultimately

would be more convenient and therefore the following

equation defines the objective function will be written as

equation 4.

(4)

The equation 4 shows all-inclusive optimization func-

tion. As this cost function equation shows all of products

are minimizing with the exception of Ester and Alcohol

concentration. Through this process all of the concentra-

tions are considered and tuned using multi-objective ge-

netic algorithm. Figure 4 shows the genetic Pareto front

result for the optimizing the concentration for the bio-

diesel production. This figure illustrates who can make a

final decision for obtaining the production temperature.

A summary of results are exposed in Table 5 to show a

wide range of optimum temperature for this production.

120 Masoud Goharimanesh et al.

Figure 1. Biodiesel production reaction.

Table 2. Coefficients equations differential adapted from

the source [33]

a6 a5 a4 a3 a2 a1

2.15e4 5.35e3 9.88e10 5.88e12 5.7e5 3.92e7

b6 b5 b4 b3 b2 b1

4824.87 3231.18 7366.64 9993.96 4997.98 6614.83



5. Conclusions

In this paper, we introduced an optimization proce-

dure for producing biodiesel. To increase the production

of the fuel during chemical reactions, an interaction be-

tween several substances, especially must be considered.

Optimizing the reaction parameters can be considerable

and increase productivity. One of the most important pa-

rameters is the reaction temperature which was monitored

and optimized using multi objective genetic algorithm. In

this paper, this temperature value was considered by ge-

netic algorithm to be tuned in front of the minimizing the

primary expensive material like methanol. The results

show the 346 k temperature is an optimum value for bio-

diesel production with the proposes especial components.

Nomenclatures

ai Repeat Factor

Ci Concentration (moles per liter)

CTG Triglyceride concentrations

CDG Diglyceride Density

CMG Monoglyceride Density

CE Methyl ester Density

CA Methanol Density

CGL Glycerol Density

Ki Reaction constant

T Temperature (K)

t Time (min)
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Table 4. Bounds and optimal levels by genetic algorithm

T CA CTG

Lower bound 200 k 0 0

Upper bound 350 k 0.50 0.50

The optimum 344-350 k 0.49 0.49

Figure 3. The optimal temperature of 344�350 k.

Table 3. Set genetic algorithm

Function mutations Heuristic

Inheritance of 0.8

Population size 100 th

Type of Population Bit string

Selection function Stochastic uniform

Figure 2. Flowchart of genetic algorithm.

Figure 4. Pareto front for Ester and Alcohol density.
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