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Abstract: The main goal of optimization is to find factors values that bring minimum feedstock consumption
or maximum final product or services of the production process. In a production process, the factors that make
up the model that describes it are usually the properties of the final product. In the case of biodiesel, which is
the final product of the process that is the object of study, among the various properties, the glycerol content is
among the most important. The present study aims to maximize the model yield that defines glycerol content
on the biodiesel composition. This optimization was executed by a hybrid metaheuristic algorithm
(SAGAC),and its experimental results are compared with other optimization techniques named by RSM
(Response Surface Methodology). After run the experimental assays, SAGAC algorithm has find the follow
values of model factors: molar ratio = 3(mol/mol), catalyst content = 0.52 (wt%), reaction temperature = 49(°C),
Time = 45 (min) generating model yield of 14.46 that, match with EN 14105 standard value of 0.33 (wt%).
Comparing results between SAGAC and RSM methodologies, SAGAC has presented an improvement of 31%.
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1. Introduction

The need for humanity to find ways to minimize carbon gases emission in the atmosphere and
apply these solutions is urgent. Previous studies show a link between short-term exposure to ambient
air pollution and cardiovascular and respiratory-related mortality (Bravo et al., 2015). Also, previous
studies indicate that air pollution is associated with excessive respiratory e cardiovascular morbidity
and mortality in which, public health is the major problem generated by air pollutants emitted by
industrial plants and internal combustion motorized vehicles (Ko et al., 2007).

In the last years, humanity has been spending all efforts to finish this era in which fossil haw
material was the primary energy source. Although petroleum has been substituted by new cleaner
and renewable biofuels, it is almost sure that the end of this fossil fuel will not happen in the next
three decades (Scherzingerl&Kaltschmitt, 2021).The framework of decarbonization has, basically,
two principal pillars: expand investments in sectors responsible for renewable energy and improve
those technologies that can promote a sustainable well-establish. Because of these initiatives, in 2018,
the capacity of renewable power systems has reached 3,378 Gigawatts (Amein et al., 2021).

It is almost a unanimous conclusion that the causes of climate change occurring in the world are
the result of human behavior. One of the initiatives to try to reverse this situation is change our energy
sources from fossil to renewable like biomass, for example(Rodriguez-Diaz et al., 2016).An example
of renewable energy that is being used experimentally in urban public transport and road freight
transport, is biodiesel from any kinds of biomass. This new model of energy presents many benefits
if compared with diesel from petroleum. Some of these benefits are acceptable properties for diesel
engine, non-toxic for environment, biodegradability, high safety and renewability (Thoai et al., 2017;
Chouhan &Sarma, 2011; Knothe& Razon, 2017).

The quality of biodiesel has how most important two properties, among the others properties,
which are, ester content and total glycerol content(EN 14105, 2011). Some results obtained by
previous studies say that the efficiency of the biodiesel production process is due to the ester
content(Alptekin & Canakci, 2011; Silva et al., 2011). However, previous studies have proposed a new
evaluation method based on the content of total glycerol (Thoai et al., 2017).
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One investigation was conducted about the production process of biodiesel based on total
glycerol content, and the raw material used in this case was refined palm oil. To generate the model
that describes process behavior was used Response Surface Method (RSM) and statistical method of
analysis of variance (ANOVA) (Thoai et al., 2017).

In the broader sense, optimization could be according to a tendency to search for the best
solution under a particular problem or a specific circumstance or, in more frequently situations, a
current process under study (Sieniutycz & Jezowski, 2009).The list of more common optimization
problems could be presented, linear, nom-linear, and combinatorial. There is a specific solution
method for each of these types of problems like Linear Programming, SIMPLEX, Response Surface
Method, Heuristic, and Metaheuristic algorithms (Adjiman et al., 2004).

In the present study, the optimization method of metaheuristic algorithms was used. This
method is a subfield of stochastic optimization, a general class algorithm, and technique that employs
some degree of randomness to find the best solution (or more best as possible) of problems with a
hard quantity of possible solutions (Luke, 2010).

Beyond heuristic and metaheuristic algorithms, there is the possibility to join two or more
algorithms in only one aiming the best quality of each one, improving the performance in the
optimization process. This mix of algorithms to compose a more efficient optimization algorithm is
named the Hybrid algorithm. There are any king of these Metaheuristic Hybrid algorithms, which
may be composed of heuristic or metaheuristic algorithms(Gelves-Tello et al., 2016). The current
study used a Hybrid Metaheuristic algorithm composed of them Simulated Annealing algorithm and
the Genetic Algorithm modified, which includes a mechanism (function) named how Acceleration
Convergence.

The present research refers to the improvement of Refined Palm Oil Biodiesel production
process which can minimize use of natural resources as water and energy, and minimize its costs, as
well. Consequently, its final products can become more affordable.

2. Materials and Methods
The steps of this study are a set of tasks described in a logical sequence to get a series of results.
The needed material to execute each task is presented as these tasks are explained.

2.1. SAGAC algorithm

SAGAC algorithm is a hybrid metaheuristic algorithm which has a composition of two known
algorithms, Simulated Annealing (SA) and Genetic Algorithm (GA). The novelty that is presented in
this algorithm, is in the inclusion of a mechanism (function) inside of Genetic Algorithm, precisely in
the crossover function as shown in Figure 1.
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Figure 1. SAGAC algorithm.

This new function (mechanism) is able to promote a acceleration of finding new better results
during algorithm processing, causing a acceleration in the convergence of results.

2.2. The functionality of Acceleration Convergence (AC)

In the Figure 2 is shown flowchart with steps of acceleration convergence (AC) mechanism.
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Figure 2. Flowchart of the Acceleration Convergence (AC).

The steps of AC mechanism (function) were organized to optimize the quality of results
(individuals of a population) generated by Genetic Algorithm (GA). All process occurs during
crossover functionality, where after individuals parents generate them individuals descendants
(suns) through crossover of them chromosomes. After descendants generation, they are evaluated by
fitness function (process model) and, a check is made if they have enough valuation greater than or
equal worst individual in elite group. If not, that descendent is discarded (excluded). A comparison
between parents is made too, and that parent which has worst evaluation is exchanged by another
elite individual. Then, crossover process run again and, it cycle occurs while unless, one of the
descendants don't has enough evaluation to belongs to the elite group or, the number of trials defined
by operator is reached.

2.3. Setup Parameters of SAGAC

In this topic is presented processing parameters of SAGAC algorithm and, values that have been
assigned to each of them (Xu et al 2015, Zhang et al 2007, Mitchel 1997, Kirkpatrick et al 1983). Just to
remember, SAGAC algorithm is a hybrid algorithm that is a composition of two metaheuristic
algorithms, Simulated Annealing (SA) and Genetic Algorithm (GA). Therefore, the it has all
parameters responsible to processing behavior of those algorithms. Is important to notice that there
is a one more parameters that belong to the Acceleration Convergence (AC) mechanism (function)
and, this parameters defines a number of tries that AC is processed for each generation of GA. In
Table 1 are shown used values for each parameter of SAGAC algorithms.

Table 1. Setup parameters of SAGAC algorithms.

SAparameters
Initial Temperature 100
TDS(TemperatureDecayScheme) 1
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GA parameters

Population size 400

Generations Quantity 200

Elitism 0.1

Mutation 0.1
AC parameter

Qty of attempts to generate children in the elite 1

As can be seen in Table 1, SAGAC algorithm contains the union of all parameters of the
algorithms that compose it. Including a new parameter belonging to Convergence Acceleration (AC)
mechanism (function) and which defines the maximum number of attempts to generate descendent
individuals with ratings greater than or equal to the worst rating of individuals in the elite group.

2.4. SAGAC Algorithm Encoding

It was necessary to encode it in a programming language to run the SAGAC algorithm and
transform it into a practical application. The SAGAC algorithm application was developed in
VBA/Excel® language in this case study. The choice for this language is justified because, most of the
time, the data originating from research and the data resulting from the performed experiments are
organized and stored in spreadsheets in the Excel® software.

2.5. Experimental Procedure

One crucial part of the application beyond the SAGAC algorithm is the process model that will
be optimized and the range variation of model variables (process factors) Xu et al. (2015), 300
experimental trials were carried out. After these 300 assays are generated, data refer to the
performance SAGAC algorithm for optimizing the biodiesel model process. The results were
statistically analyzed and compared with results reported by Thoai et al. (2017). The proposed study
provides the refinement of palm oil production biodiesel model submitted to optimization by the
SAGAC algorithm to find the best values of its variables. The problem formulation is described in
equation 1(Thoai et al., 2017).

Minimize Glycerol(%) = 14.66 — 1.775x1 — 6.737x2 — 0.09321x3 — 0.04718x4 + 0.06233x12 + 1.693x22 +
0.265x1x2 + 0.00892x1x3 + 0.01531x2x4 + 0.000512x3x4 (1)

Subject to:

x1: [3.00 £ Molar ratio (mol/mol) £9,00]

x2: [0.50 < Catalyst content (wt%) < 1.30]

x3: [45,0 < Temperature °C) < 65,0]

x4: [30 £ Time (min) < 70]

Before starting run experiments is necessary to define the values of processing parameters of the
SAGAC algorithm. For this specific study the parameters values were defined as follow: SA
parameters (initial temperature = 100 and temperature decay scheme = 1), GA parameters(initial
population = 400, individuals per generation = 100, elitism rate = 40%, and mutation rate = 4% and
the stopping criterion of the algorithm was processed for 100 generations); and AC
parameter(quantity of attempts to generate children in the elite = 1) (Benvenga & Naaés, 2021;Santana
et al.,, 2010; Almeida et al., 2014; Sivamani & Baskar, 2018; Librantz et al., 2010).

3. Results

After running 300 experimental assays, a large amount of data is generated, and a set of analyses
are done for interpreting this data.

3.1. Statistical Analysis

3.1.1. Data Distribution
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The first statistically analyzed result is about data distribution regarding 300 optimization
assays. Figure 3 presents a box plot graph that describes how 300 yield data from refined palm oil
biodiesel production, obtained by SAGAC optimization, are distributed.
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Results Distribution in 300 assays

Figure 3. Data distribution of refined palm oil biodiesel production yield in300 experimental
assays of SAGAC algorithm optimization.

The graph in Figure 3 shows the main statistical measures that describe the distribution of yield
biodiesel production data as: Mean = 0.64, Median = 0.63, Standard Deviation = 0.03, Minimum value
=0.61, Maximum value = 0.81, First Quartile = 0.62, Second Quartile = 0.63 and Third Quartile = 0.65.

3.1.2. Correlation Data

After describing how data is distributed, another description of data refers to process factors
(model variables) that relate to each other. The statistical way to describe this relationship between
factors of any process is the correlation. Table 2 presents the correlation between the refined model's
independent variables for the palm oil biodiesel production process and the dependent variable, the
process yield.

Table 2. - Correlation Matrix between variables.

Molar ratio ~ Catalyst content 8 . . Glycerol
Variables (mol/mol) (Wi%) Temperature (3°C) Time (min) Yield
x1 x2 x3 x4 (%)
Molar ra“)‘:l(m"l/ mol) 1 -0.90 -0.05 -0.16 -0.03
0,
Catalyst cc))(r;tent (Wt%) | 0.07 0.00 -0.02
Temperature (°C) 1 0.08 -0.01
x3
Time (min) | 0.00
x4

The range of possible values that result from calculating the correlation between variables starts
at -1 and ends at 1. When the correlation value is higher than zero, variation of analyzed variables
occurs in the same direction. When the value of one increases, the value of the other increases as well.
Now, when the correlation value is less than zero, the variation of analyzed variables occurs in the
opposite directions. When the value of one increases, the value of the other decreases. Moreover,
when the correlation value is equal to zero, there is no correlation between the analyzed variables.

3.1.3. . Variance Analysis

Figure 4 shows a comparation between the variation of production income and values of the
factors involved in the process.
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Figure 4. Variation range of process factors.

The graph in Figure 4 shows the influence of each factor (model variable) which composes the
refined palm oil biodiesel production process (Equation 1).To generate a graph that refers to total
glycerol content (%) the curve of each factor is made with varied data of curve factor and maximum
range value of each of other factors.

3.2. Optimization Data

3.2.1. Optimization Convergence

Figure 5 shows the convergence curve of average results obtained each of 100 iterations of
optimization processing is presented. The convergence curve presents the improvement results level.
In this case, were ran 300 optimization experiments.
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Figure 5. Convergence of average yield process in 300 assays.

The convergence curve shown in Figure 5 is made by average of 300 results of SAGAC
algorithm in each of the 100 iterations in optimization processing. In this way, it was possible to
visualize the average performance of the algorithm during the optimization process.

3.2.2. Results Comparison
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The performed experiments generated Glycerol content (%) data through the relationship
between process factors (independents variables) described by equation 1.

Table 3. - Comparison of the results between the SAGAC processing and Thoai et al. (2017).

x1:Molar

. x2:Catalyst ] ! x4:Time y:Glycerol o
Method (miﬁzzol) content (wt%) x3:Temperature *C) (min) Yield(%) EM 14105(wt%)
Thoai et al., 2017 5.76 0.88 55.0 50 0.65164 0.26
SAGAC 8.84 0.63 64.8 46 0.61002 0.24

All data referring to the best result obtained by SAGAC algorithm in 300 experimental assays
are shown in Table 3. Those data of independent variables (molar ratio, catalyst content, temperature,
time), glycerol content (%), and weight percentage of free glycerol in biodiesel based on EN 14105
standard.

4. Discussion

The data generated during the experimental processing tests were organized, tabulated and
submitted to statistical calculations to generate information that, after an analysis, could be relevant
for this study and generate useful knowledge.

In the Figure 3, the boxplot graph shows the data dispersion of results obtained by SAGAC
algorithm in which is possible to identify the algorithm performance in the 300 optimization
assays for refined palm oil biodiesel process. First information that is possible to identify is that
majority results is near than minimum result = 0.6100 data (best result).Regarding to relation between
Standard Deviation and Mean measures, the value is equal to 3.08%, which means that deviation of
results is small, that is, with little oscillation. Other data presented by graph in Figure 3 are first
quartile = 0.6173, second quartile = 0.6304, third quartile = 0.6509 and maximum result = 0.8066 (worst
result).

In the Table 2, is shown the correlation of all independent variables (x1:Molar Ratio, x2:Catalyst
Content, x3:Temperature and x4:Time) of process model (equation 1) with each others and the
correlation between these independent variables and dependent variable (Glycerol Content). The
most significant data is about correlation between Molar Ratio and Catalyst that is equal to -0.9, that
means that correlation is inverse.

In case of sensibility analysis, represented in the graph in Figure 4 it is noted that, the best
condition of the biodiesel production process is more dependent on the Time(x4) variable levels, in
which its values directly influence the process, while other variables (Molar ration, Catalyst content
and Temperature) exert a minor influence.

The convergence curve, presented by graph in the Figure 5, shows the average convergence
results obtained by SAGAC algorithm in 300 experimental assays. In average, the algorithm get first
results (glycerol content value) around 1.1%, improving (minimizing) these results until 0.61 around
during first 37 iteration average, after that, the convergence level drops to almost zero. It means as
there is an advance in the number of iterations performed by the algorithm during optimization,
there is a regression in the improvement level of the results obtained.

Finaly, the comparison between results obtained by SAGAC algorithm and (THOAI et al., 2017)
is shown by Table 3 which have EM 14105 values equal to 0.24 and 0.26 wt% respectively.
Considering these results, SAGAC had a performance 7.69% better.

5. Conclusions

Among the aspects that justify the use of methodologies which promote the improvement of
production processes results, whether maximization or minimization. The waste elimination, the
reduction of costs and the increase in productivity are some of them. Another important aspect that
should be mentioned is the promotion of reduction in use of resources by the process, whether they
are human, financial and especially natural resources, thus making the production of goods and
services more socially correct, economic and environmentally sustainable. SAGAC algorithm is a
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union of two widely used methods of optimization, Simulated Annealing and Genetic Algorithm
with inclusion of acceleration convergence mechanism. In this study, a comparison between

SAGAC and Thoai et al., (2017) results were made and a results improvement of 7.69% was presented
by SAGAC algorithm.
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