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Abstract

The world's hegemonic energy model is mostly based on the burning of fossil fuels. The heavy reliance on oil, coal, and natural
gas for power generation as well as the pollution resulting from burning such fuels is a growing global concern. Biodiesel
from the transesterification of vegetable oils is a promising alternative source for diesel engines. The ANP, National Agency of
Petroleum, Natural Gas and Biofuels, regulates fuels in Brazil. In this work, soybean biodiesel was produced on a laboratory
scale through an alkaline transesterification reaction. An analysis of the exegetic efficiency of the process, the physical-chemical
characterization of biodiesel, and a brief discussion on the following parameters were carried out: higher and lower calorific
value, water content, specific mass at 20°C, kinematic viscosity at 40°C, acidity index and oxidative stability, verifying the
adequacy to the parameters of ANP Resolutions n® 45/2014 and n® 798/2019. Considering the exergetic efficiency of 63.42%
and the physical-chemical characterization, despite the non-conformities in water content and oxidative stability, soybean

biodiesel proved to be a satisfactory alternative for renewable fuel.
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Introduction

Inrecentdecades, the need for energyhasbeenincreasing
due to increased industrialization and population growth.
Thus, alternative fuels have stood out due to environmental
issues, such as greenhouse gas emissions, and the scarcity of
fossil fuels [1].

The production of energy is indispensable for the
maintenance of daily human activities, and most of the fuel
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Scale

comes from non-renewable sources such as oil, gas, and coal.
Such fuels imply a high level of pollution and a predictable
depletion of their sources, which increases the concern with
the search for alternative ways to generate energy [2-4].

Brazil is a country that has a privileged configuration
of the energy matrix in terms of sustainability since
around 44.7% of energy consumption is met by renewable
sources, Figure 1 [5]. However, most cargo transportation
in the country takes place by road, which implies a high
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consumption of diesel oil [6]. Among the liquid biofuels
produced in the country, the two that stand out the most are
ethanol, obtained from sugarcane, and on a growing scale,

biodiesel, which is produced from vegetable oils or animal
fats and added to petroleum diesel in a 10% proportion.

Figure 1: Participation of renewable energies in the domestic supply of energy [5].

Brazil was a world pioneer in the use of biofuels
through the National Program for the Production and Use
of Biodiesel (PNPB), an Interministerial Program of the
Federal Government whose objective was to implement
the production and use of biodiesel in a sustainable way,
with a focus on including social and regional development,
also aiming to reduce dependence on imports of the
corresponding fossil derivative: diesel [7].

Biodiesel is a biodegradable fuel derived from several
renewable sources [8,9], and can be produced from edible
vegetable oils (first generation), such as soybean [10],
palm [11], sunflower [12], rapeseed [13], linseed [14],
coconut [15], canola [16]; inedible vegetable oils (second
generation), such as karanja [17], pine nut [18], jojoba [19],
neem [20], castor [21]; or from residual frying oils [22,23],
and animal fats (Third generation) such as fish fat [24],
chicken fat [25,26], tallow, white fat or lard [27-29]. In Brazil,
about 90% of the raw material is concentrated in soy, which
should reach a productivity of up to 9 billion liters by 2024
with the increase in the biodiesel content in the composition
of automotive diesel [30].

The purity of the raw material used in biodiesel is
essential in the production process, since some substances
such as free fatty acids, gum, and phospholipids, among
others, can compromise the quality of the biofuel depending
on the production method. The storage of the product must
be carried out in a such way as to prevent the degradation of
biodiesel, commonly caused by temperature and luminosity
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variations, oxidation, and moisture absorption [31].

In the production of soybean biodiesel, alkaline
transesterification is the most used chemical process, with
glycerin as a by-product with wide reintegration in the
production chain. Biodiesel can be commercialized after
going through purification processes to adapt to the quality
specification and is intended mainly for application in
compression ignition engines, reaching the physicochemical
standards established by the National Agency of Petroleum,
Natural Gas, and Biofuels (ANP).

In Brazil, pure biodiesel (B100) was obligatorily added
to petroleum diesel in progressive proportions. Addition to
fossil diesel began in 2004, on an experimental basis, and
between 2005 and 2007, at a 2% content, with voluntary
commercialization [32]. The obligation came in Article 2
of Law n? 11,097/2005, which introduced biodiesel into
the Brazilian energy matrix, instituting the initial addition
of 2% of biodiesel to common diesel at fuel stations in the
country. Currently, this percentage is already at 10% (Law n?
13.263/2016), with projections of an increase (ANP, 2018).

Accordingto the ANP, some parameters mustbe evaluated
before distributing biodiesel. ANP Resolution No.45 of August
25, 2014, establishes the quality control parameters to be
met for the commercialization of biodiesel in Brazil. Among
these parameters, the specific mass stands out, which is
normally greater than diesel, directly influencing the burning
of biodiesel due to the air/fuel ratio (stoichiometric mixture)
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so that the higher the density, the higher the consumption
[33]; the kinematic viscosity, which influences the variation
in the injection pressure, which may cause wear on the faces
of the rings and cylinders of the engines, and oil lubricity
mustbe observed [34]; the water content, as humidity has the
potential to favor microbial activity, which degrades the fuel,
generates sludge and saturates filter elements more quickly,
in addition to impairing the operation of the injection pump
or diesel engine injector nozzle, also favoring processes
corrosives in fuel distribution chain equipment [35,36];
the acidity index, which evaluates the content of free acids
in biodiesel, normally originating from free fatty acids that
confer greater acidity, also resulting in corrosion [37]; and,
finally, oxidative stability, which evaluates the degradation
of biodiesel by oxidation, causing fuel crystallization and the
formation of sludge and impurities that can clog and damage
engine components [36].

Another important biofuel property, although not
regulated by the ANP, is the calorific value, which is divided
into Higher Heating Value (HHV) and Lower Heating Value
(LHV). The HHV is defined as the amount of heat released by
a specified quantity once it is combusted and the products
have returned to a temperature of 25°C. It takes into
account the latent heat of the vaporization of water in the
combustion products and is useful in calculating heating
values for fuels. The LHV is defined as the amount of heat
released by combusting a specified quantity and returning
the temperature of the combustion products to 150 °C. It
assumes that the latent heat of the vaporization of water
in the fuel and the reaction products is not recovered. As
the temperature of the combustion gases is very high in
endothermic engines, the LHV becomes a measure of greater
importance for the fuel [33].

Based on the sustainability of the biodiesel production
chain, evaluating the exergy flow of the process by
accounting for waste, comparing different energy sources,
and determining the exergy efficiency is very important in
defining economic and environmental policies for the use of
resources [38].

This work aims to evaluate the exergy efficiency of each
stage of the process, characterizing physicochemically and
analyzing the exergy in the production of soybean biodiesel
on a laboratory scale, to contribute to the development of
renewable energy sources; as well as make a brief discussion
about the important parameters for the quality of soybean
biodiesel as a fuel. The novelty of the work was to determine
the total exergy of the soybean biodiesel production on a
laboratory scale once it is more common to find studies on an
industrial scale. In addition, the Lower Heating Value (LHV)
and Higher Heating Value (HHV) were calculated using the
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mass composition of soybean biodiesel as a function of the
carbon, hydrogen, and oxygen percentages.

Methods

Acidity Number

In a 100 mL erlenmeyer flask, 2.0 g of soybean oil, 25 mL
of a solution of ethyl ether/ethyl alcohol (2:1), and two drops
of 1% phenolphthalein alcoholic solution are added. The
mixture is titrated with 0.1 mol/L sodium hydroxide (NaOH)
solution. The acid number is determined according to
equation (1), where V _ is the volume of titrant consumed,
f is the correction factor for the solution of 0.1 mol/L of

NaOH
NaOH, and the mass of the oil in grams.

L) *f *5 61
Acidity number(AN) _ Viaon (m ) ( ;\IaOH 5,6
m\g

(1)

where AN is the acidity number of the sample, V| is the
volume of the titrant (mL), f_  is the correction factor for

the solution and m is the mass of the sample (g).

Biodiesel Production - Alkaline
Transesterification, Washing, and Drying

In a round bottom flask, 200.117 g of soybean oil,
preheated to 60°C (15 minutes), were added to an alcohol/
catalyst mixture containing methanol (MeOH) and potassium
hydroxide (KOH) prepared according to the determined
proportions by equations (2) and (3). The mixture is kept
under stirring with a magnetic bar, with a condensation
system, in a glycerin bath at 60°C for 60 minutes [39].

mass,; (g
MeOH — - 1( ) *0,2 (2)
density,,.ox
i 0
Moy = mass,, ™ PurllyKOH(A))-ﬁ- AN 1, 1 (3)
100 1000 ) 0,85

where V. is the volume of methanol (mL), mass , is the
mass of oil (g), density,, .. is the density of methanol (g/
mL), M, is the molarity of KOH (mol/L), purity,, is the
purity percentage of KOH, and AN is the acidity number of

the sample.

After the reaction time, the biodiesel is transferred to a
500 mL separation funnel, with three washes being carried
out at intervals of 30 minutes, two with 20.0 g of distilled
water at 30 °C and one with 20.0 g of distilled water at 90
°C. Biodiesel was dried in a 500 mL beaker under constant
stirring (200 rpm) at a temperature of 105-110 °C for 30
minutes.
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Density at 20°C

The determination of the density was carried out in a
digital densimeter of the Anton Paar, model 4500, with an
oscillating U-tube system, following the NBR 14065 standard.

Kinematic Viscosity at 40°C

The determination of the kinematic viscosity was carried
out in a capillary viscometer in a thermostatic bath at 40 °C
after thermal equilibrium for 15 minutes, according to EN
ISO 3104.

Water content

The water content was determined with 0.2 g of biodiesel
in the Karl Fischer titrator, Metrohm Coulometric Mode],
according to ASTM D6304.

Accelerated Oxidative Stability

The oxidative stability tests were carried out in Rancimat
equipment, Metrohm, Model 843, following EN 14112
standard. A sample of 3.0 g was used, with a temperature
of 110 °C and airflow of 10 L/min. The experiments were
performed in triplicate.

Heating Value

The Higher Heating Value (HHV) and Lower Heating
Value (LHV) were estimated through the mass composition
of soybean biodiesel as a function of the percentages of
carbon, hydrogen, and oxygen. The values obtained in the
literature were used to determine the exergy.

Exergy Efficiency Analysis

The determination of the total exergy of the process was
calculated as proposed by Kotas [40], where the total exergy
of the process (e, ) is obtained by the sum of the potential
(e,), kinetic (e, ), physical (e,) and chemistry of biomass
compounds (e_,), according to equation (4).

€rora— EpF €+ €+ €y (4)

where e is the total exergy of the process (k]/kg), e, is the
potential exergy (kJ/kg), e, is the Kinetic exergy (kJ/kg), e,
is the physical exergy (k]/kg), and e, is the chemical exergy

(kJ/kg).

The chemical exergy (e,) of the biomass compounds
present in the soybean oil and biodiesel was determined by
equation (5), being the multiply between the Lower Heating
Value (LHV) and the coefficient , obtained from the mass
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ratios of H, C, and O in the equations (6) and (7), for liquid
biomass, such as biodiesel, glycerin, free fatty acids and
triglycerides [41,42].

ey = B * LHV (5)
LHV =HHV - 0.0894 * 2442.3 *H (6)
H (0]
p$ =1.0374 +0.0159 * E+ 0.0567 * < (7)

where £ is the coefficient, LHV is the Lower Heating Value
(k]/kg), HHV is the Higher Heating Value (k]/kg), and C, H,
and O represents carbon, hydrogen, and oxygen, respectively.

Finally, the exergy efficiency of the process is obtained by
the ratio between the output exergy (e_ ) by the input exergy
(e, ), according to Arredondo [42] and Mamede, et al. [39].

I, =2 %100 (8)
e.

where is the exergy efficiency, e_, is the output exergy (k]),
and e, is the input exergy (KkJ).

Results and Discussion

The values of density, kinematic viscosity, water content,
and oxidative stability obtained experimentally were
compared with the standards established by the ANP in
Resolutions n2 45 of 08/25/2014 and n2 798 0of 08/01/2019,
as shown in Table 1.

Parameter ANP This study

Density at 20°C (kg/m?) 850-900 | 882.0+0.6
Kmematlc(rzlns;czc;s:)ty at40°C 3.0-6.0 43
Acidity number (mg KOH/g) <0.50 0.14

Water content, max. (mg/kg) <200.0 259.0+20.3

Oxidation stability (h) 212.0 3.70 £ 0.06

Table 1: Results for the soybean biodiesel characterization.

The low time of oxidative stability observed is consistent
with the values found in several studies Silva de Sousa, et al.
[43-48], and the use of antioxidants should be employed to
prevent biodiesel degradation, meeting the requirements
established by the ANP.

The water content present in biodiesel did not meet the
limit established by the standard, however, the resolution
establishes a tolerance limit of up to + 50 mg/kg for the
producer and +150 mg/kg for the distributor.
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in, from which the average value was obtained to Table 2 to
The Higher Heating Value (HHV) was obtained using determine the Lower Heating Value (LHV).
data available in the literature Huang ], et al. [49-57], shown

Soybean Oil HHV (Kk]J/kg) Soybean Biodiesel HHV (k] /kg)
Huang, et al. [49] 39870 Zheng, et al. [53] 39520
Elkelawy, et al. [50] 37600 Kratzeisen, et al. [54] 39685
Efe, etal. [51] 39530 Celikten, et al. [55] 37620
Vellaiyan, et al. [58] 37900 Bhandari, et al. [56] 37100
Hou, et al. [52] 37000 Li, etal. [57] 39700
Average 38380 Average 38725

Table 2: Higher Heating Value (HHV) of the Soybean Oil and Soybean Biodiesel [49-58].

The mass percentage compositions of soybean oil and literature Mamede AA, et al. [39,59-65], with the average
soybean biodiesel were obtained using data available in the value of the C, H, and O contents being determined Table 3.
Soybean oil Percentage (%) Soybean Biodiesel Percentage (%)
C H 0 C H (0]
[39] 77.83 11.5 10.67 [39] 79.3 13.2 7.68
[59] 76.71 10.64 12.65 [63] 80.94 11.44 7.49
[60] 76.64 10.95 12.11 [64] 76.05 12.74 10.76
[61] 76.2 11.6 10.4 [65] 82.22 11.96 5.74
[62] 77.15 11.89 10.96 [66] 76.96 11.85 9.41
Average 76.91 11.32 11.36 Average 79.09 12.24 8.22

Table 3: Mass percentage of C, H, and O for the soybean oil and soybean biodiesel.

The LHV is obtained from the mass composition data by equation (7) with the average C, H, and O percentages
and the HHV of each matrix, being used in Equation 6. The obtained in Table 4.
B coefficient for liquid biomass substances is calculated

Samples HHV (k] /kg) LHV (kJ/kg) H/C 0/C B e, (kl/kg)
Soybean oil 38,380 35,909 0.1471 0.1477 1.0481 37,637
Soybean biodiesel 38,725 36,053 0.1547 0.1039 1.0457 37,702

Table 4: Results for the soybean oil and soybean biodiesel

Exergy analysis of biodiesel production is performed hydroxide (Table 5)) and the exergy of the equipment (Table
using exergy efficiency, which is the ratio between energy 6), with the output exergy ( e_ ) being the sum of product
output and energy input, according to Equation 8. The input exergy (biodiesel and glycerol (Table 7)). The electrical
exergy (e, ) is obtained by the sum of the chemical exergy energy coefficient is considered 1 so that 1 k] of electrical
of the reagents (soybean oil, methanol, and potassium energy corresponds to an exergy flow of 1 k] [39,42].

Reagents e, (Kl/kg) Quantity (g) Exergy of the reagents (KJ)
Soybean oil 37,637 200,117 7,531.80
Methanol (CH, OH) [67] 22,420 40.02 897.2
Potassium hydroxide (KOH) [38] 1911 1,474 2.8
Total 34,898.50 241,611 8,431.90

Table 5: Exergy of the reagents.
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Equipment Consumption (W) time (s) Exergy (K])
Magnetic stirrer with heating - preheating 650 900 585
Magnetic stirrer with heating - transesterification 650 3,600 2,340
Magnetic stirrer with heating - drying 650 1,800 1,170
Total 650 6,300 4,095
Table 6: Exergy of the equipment.
Products e, (k]/kg) Quantity (g) Exergy of the products (kJ)
Soybean biodiesel 37,671 196.027 7,384.50
Glycerol [38] 22,953 24,385 559.7
Total 36,042.70 220,412 7,944.20

Table 7: Exergy of the products.

For the production of biodiesel, the exergy input
was 12,527 k] with an output of 7,944 K], resulting in a
consumption of 4,583 KkJ. The exergetic efficiency of the
process is 63.42%, higher than that presented by Caliskan,
et al. [68], close to that obtained by Silva, et al. [69] and a
little lower than that obtained by Mamede, et al. [39]. In
this way, one can observe the importance of studying the
exergy efficiency for optimizing the production process and
studying economic viability.

Conclusion

The production of soybean biodiesel was carried out in a
batch reactor, on a laboratory scale, with an exergy efficiency
of 63.42%. The difference between input and output exergy
can be attributed to process consumption due to heat losses,
non-reactive residues from reactions, and the irreversibility
of the systems. According to the work, the importance of
exergy analysis can be observed to evaluate the feasibility of
applying biodiesel production, which allows identifying and
discussing the aspects that cause the loss of useful energy,
allowing the parameters to be optimized such as temperature,
agitation, time and stoichiometric ratio seeking to improve
the use of energy. The findings of this work provide crucial
information to researchers, decision-makers, and technical
operators of the biodiesel industry.

Thanks

The authors thank the funding agencies CNPq
(308280/2017-2, 313647/2020-8); FUNCAP (PS1-00186-
00255.01.00/21), FINEP, and CAPES (Financing Code 001).

References

1. Topare NS, Jogdand RI, Shinde HP, More RS, Khan A, et
al. (2022) A Short Review on Approach for Biodiesel

Rios MAS, et al. Production, Characterization, and Exergy Analysis of the Soybean Biodiesel

Produced by Laboratory Scale. Pet Petro Chem Eng ] 2023, 7(1): 000328.

Production: Feedstock’s, Properties, Process Parameters,
and environmental sustainability. Materialstoday:
Proceedings 57(Part 4): 1605-1612.

Sin JC, Chin YH, Lam SM, Zeng H, Lin H, et al. (2022)
MXenes and Their Composites: A Promising Material
for Hydrogen Storage. In: Sadasivuni KK, et al. (Eds.),
MXenes and their Composites: Synthesis, Properties and
Potential Applications. Elsevier, pp: 397-422.

Ray A, De S (2020) Renewable Electricity Generation -
Effect on GHG Emission. Encyclopedia of Renewable and
Sustainable Materials 3: 728-735.

Sukumaran C, Viswanathan P, Chandrasekhar A
(2021) Triboelectric Nanogenerators for scavenging
biomechanical energy: fabrication process to its self-
powered applications. In: Devasahayam S, et al. (Eds.),
Nano Tools and Devices for Enhanced Renewable Energy:
Micro and Nano Technologies. Elsevier, pp: 145-169.

Bueno ODC, Esperancini MST, Takitame IC (2009)
Producdo de Biodiesel No Brasil: Aspectos
Socioecondmicos e Ambientais. Ceres 56(4): 507-512.

Soliani RD, Argoud ARTT (2018) A Emissdo de Gases
Poluentes No Transporte Rodovidrio de Cargas
Brasileiro. ESPACIOS 39(48): 14.

Ribeiro VS (2019) Mercado do biodiesel no brasil. DRd -
Desenvolvimento Regional em debate 9: 18-41.

Vignesh G, Barik D (2019) Toxic Waste From Biodiesel
Production Industries and Its Utilization. In: Barik D
(Ed.), Energy from Toxic Organic Waste for Heat and
Power Generation. Elsevier, pp: 69-82.

Costa JMD, Correa C, Ruschel CFC, Casagranda ], Marcelo
MCA, et al. (2021) Characterization of Biodiesel from

Copyright© Rios MAS, et al.


https://medwinpublishers.com/PPEJ/
https://www.sciencedirect.com/science/article/pii/S2214785321079426
https://www.sciencedirect.com/science/article/pii/S2214785321079426
https://www.sciencedirect.com/science/article/pii/S2214785321079426
https://www.sciencedirect.com/science/article/pii/S2214785321079426
https://www.sciencedirect.com/science/article/pii/S2214785321079426
https://www.sciencedirect.com/science/article/pii/B978012803581811015X
https://www.sciencedirect.com/science/article/pii/B978012803581811015X
https://www.sciencedirect.com/science/article/pii/B978012803581811015X
https://www.sciencedirect.com/science/article/pii/B9780128217092000189
https://www.sciencedirect.com/science/article/pii/B9780128217092000189
https://www.sciencedirect.com/science/article/pii/B9780128217092000189
https://www.sciencedirect.com/science/article/pii/B9780128217092000189
https://www.sciencedirect.com/science/article/pii/B9780128217092000189
https://www.sciencedirect.com/science/article/pii/B9780128217092000189
https://www.redalyc.org/pdf/3052/305226808018.pdf
https://www.redalyc.org/pdf/3052/305226808018.pdf
https://www.redalyc.org/pdf/3052/305226808018.pdf
https://www.revistaespacios.com/a18v39n48/a18v39n48p14.pdf
https://www.revistaespacios.com/a18v39n48/a18v39n48p14.pdf
https://www.revistaespacios.com/a18v39n48/a18v39n48p14.pdf
https://www.periodicos.unc.br/index.php/drd/article/view/1825
https://www.periodicos.unc.br/index.php/drd/article/view/1825
https://www.sciencedirect.com/science/article/pii/B9780081025284000067
https://www.sciencedirect.com/science/article/pii/B9780081025284000067
https://www.sciencedirect.com/science/article/pii/B9780081025284000067
https://www.sciencedirect.com/science/article/pii/B9780081025284000067
https://pubs.acs.org/doi/10.1021/acs.energyfuels.1c00911
https://pubs.acs.org/doi/10.1021/acs.energyfuels.1c00911

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Rios MAS, et al. Production, Characterization, and Exergy Analysis of the Soybean Biodiesel

Petroleum & Petrochemical Engineering Journal

Animal Fat, Vegetable Oil, and Adulterants by Infrared
Spectroscopy Combined with Chemometric Methods.
Energy Fuels 35(17): 13801-13812.

Xiang C, Liu SY, Fu Y, Chang ] (2019) A quick method
for producing biodiesel from soy sauce residue under
supercritical carbon dioxide. Renewable Energy 134:
739-744.

Yusoff MHMY, Ayoub M, Nazir MH, Sher F, Zahid I, et al.
(2021) Solvent extraction and performance analysis of
residual palm oil for biodiesel production: experimental
and simulation study. Journal of Environmental Chemical
Engineering 9(4): 105519.

John M, Abdullah MO, Hua TY, Hipélito CN (2021)
Techno-economical and energy analysis of sunflower
oil biodiesel synthesis assisted with waste ginger leaves
derived catalysts. Renewable Energy 168: 815-828.

Gupta R, McRoberts R, Yu Z, Smith C, Sloan W, et al.
(2022) Life cycle assessment of biodiesel production
from rapeseed oil: Influence of process parameters and
scale. Bioresource Technology 360: 127532.

Demirbas A (2009) Production of biodiesel fuels from
linseed oil using methanol and ethanol in non-catalytic
SCF conditions. Biomass and Bioenergy 33(1): 113-118.

Méndez HL, Dominguez MS, Cruz MS, Hernandez RO,
Leyte RL, et al. (2021) Synthesis of biodiesel from
coconut oil and characterization of its blends. Fuel 295:
120595.

Gholami A, Pourfayaz F, Maleki A (2021) Techno-
economic assessment of biodiesel production from
canola oil through ultrasonic cavitation. Energy Reports
7:266-277.

Kashyap SS, Gogate PR, Joshi SM (2019) Ultrasound
assisted intensified production of biodiesel from
sustainable source as karanja oil using interesterification
based on heterogeneous catalyst (y-alumina). Chemical
Engineering and Processing - Process Intensification
136: 11-16.

Diaz L, Escalante D, Rodriguez KE, Kuzmina Y, Gonzalez
LA (2022) Response surface methodology for continuous
biodiesel production from Jatropha curcas oil using li/
pumice as catalyst in a packed-bed reactor assisted with
diethyl ether as cosolvent. Chemical Engineering and
Processing-Process Intensification 179: 109065.

Singh NK, Singh Y, Sharma A (2022) Optimization of
biodiesel synthesis from Jojoba oil via supercritical
methanol: A response surface methodology approach

Produced by Laboratory Scale. Pet Petro Chem Eng ] 2023, 7(1): 000328.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

coupled with genetic algorithm. Biomass and Bioenergy
156:106332.

Dash SK, Elumalai PV, Ranjit PS, Das PK, Kumar R, et
al. (2021) Experimental investigation on synthesis of
biodiesel from non-edible Neem seed oil: production
optimization and evaluation of fuel properties.
Materialstoday: Proceedings 47 (Part 10): 2463-2466.

Azad AK, Rasul MG, Khan MMK, Sharma SC, Mofijur M,
et al. (2016) Prospects, feedstocks and challenges of
biodiesel production from beauty leaf oil and castor
oil: A nonedible oil sources in Australia. Renewable and
Sustainable Energy Reviews 61: 302-318.

John ]G, Hariram V, Rakesh VSSK, Vardhan TH, Manikanta
TYV, et al. (2023) Waste cooking oil biodiesel with
FeO nanoparticle - A viable alternative fuel source.
Materialstoday: Proceedings 72(Part 4): 1991-1995.

Jayaraman ], Dawn SS, Appavu P, Mariadhas A, Joy N, et
al. (2022) Production of biodiesel from waste cooking oil
utilizing zinc oxide nanoparticles combined with tungsto
phosphoric acid as a catalyst and its performance on a CI
engine. Fuel 329: 125411.

Rodrigues JS, Valle CPD, Uchoa AF], Ramos DM, Ponte
FAFD, et al. (2020) Comparative Study of synthetic
and natural antioxidants on the oxidative stability of
biodiesel from Tilapia oil. Renewable Energy 156: 1100-
1106.

Odetoye TE, Agu]O, Ajala EO (2021) Biodiesel Production
from poultry wastes: Waste chicken fat and eggshell.
Journal of Environmental Chemical Engineering 9(4):
105654.

Gnanaserkhar S, Mijan NA, Alsultan AG, Seenivasagam
S, Izham SM, et al. (2020) Biodiesel production via
simultaneous esterification and transesterification of
chicken fat oil by mesoporous sulfated Ce supported
activated carbon. Biomass and Bioenergy 141: 105714.

Olubunmi BE, Alade AF, Ebhodaghe SO, Oladapo OT
(2022) Optimization and kinetic study of biodiesel
production from beef tallow using calcium oxide
as a heterogeneous and recyclable catalyst. Energy
Conversion and Management: X 14: 100221.

Chakraborty R, Sahu H (2014) Intensification of biodiesel
production from waste goat tallow using infrared
radiation: Process evaluation through response surface
methodology and artificial neural network. Applied
Energy 114: 827-836.

Suresh T, Sivarajasekar N, Balasubramani K (2021)

Copyright© Rios MAS, et al.


https://medwinpublishers.com/PPEJ/
https://pubs.acs.org/doi/10.1021/acs.energyfuels.1c00911
https://pubs.acs.org/doi/10.1021/acs.energyfuels.1c00911
https://pubs.acs.org/doi/10.1021/acs.energyfuels.1c00911
https://www.sciencedirect.com/science/article/abs/pii/S0960148118313788
https://www.sciencedirect.com/science/article/abs/pii/S0960148118313788
https://www.sciencedirect.com/science/article/abs/pii/S0960148118313788
https://www.sciencedirect.com/science/article/abs/pii/S0960148118313788
https://www.sciencedirect.com/science/article/abs/pii/S2213343721004966
https://www.sciencedirect.com/science/article/abs/pii/S2213343721004966
https://www.sciencedirect.com/science/article/abs/pii/S2213343721004966
https://www.sciencedirect.com/science/article/abs/pii/S2213343721004966
https://www.sciencedirect.com/science/article/abs/pii/S2213343721004966
https://www.sciencedirect.com/science/article/abs/pii/S0960148120320401
https://www.sciencedirect.com/science/article/abs/pii/S0960148120320401
https://www.sciencedirect.com/science/article/abs/pii/S0960148120320401
https://www.sciencedirect.com/science/article/abs/pii/S0960148120320401
https://www.sciencedirect.com/science/article/pii/S0960852422008616
https://www.sciencedirect.com/science/article/pii/S0960852422008616
https://www.sciencedirect.com/science/article/pii/S0960852422008616
https://www.sciencedirect.com/science/article/pii/S0960852422008616
https://www.sciencedirect.com/science/article/abs/pii/S0961953408001141
https://www.sciencedirect.com/science/article/abs/pii/S0961953408001141
https://www.sciencedirect.com/science/article/abs/pii/S0961953408001141
https://www.sciencedirect.com/science/article/abs/pii/S0016236121004713
https://www.sciencedirect.com/science/article/abs/pii/S0016236121004713
https://www.sciencedirect.com/science/article/abs/pii/S0016236121004713
https://www.sciencedirect.com/science/article/abs/pii/S0016236121004713
https://www.sciencedirect.com/science/article/pii/S2352484720317236
https://www.sciencedirect.com/science/article/pii/S2352484720317236
https://www.sciencedirect.com/science/article/pii/S2352484720317236
https://www.sciencedirect.com/science/article/pii/S2352484720317236
https://www.sciencedirect.com/science/article/abs/pii/S0255270118312236
https://www.sciencedirect.com/science/article/abs/pii/S0255270118312236
https://www.sciencedirect.com/science/article/abs/pii/S0255270118312236
https://www.sciencedirect.com/science/article/abs/pii/S0255270118312236
https://www.sciencedirect.com/science/article/abs/pii/S0255270118312236
https://www.sciencedirect.com/science/article/abs/pii/S0255270118312236
https://www.sciencedirect.com/science/article/pii/S0255270122002756
https://www.sciencedirect.com/science/article/pii/S0255270122002756
https://www.sciencedirect.com/science/article/pii/S0255270122002756
https://www.sciencedirect.com/science/article/pii/S0255270122002756
https://www.sciencedirect.com/science/article/pii/S0255270122002756
https://www.sciencedirect.com/science/article/pii/S0255270122002756
https://www.sciencedirect.com/science/article/abs/pii/S0961953421003676
https://www.sciencedirect.com/science/article/abs/pii/S0961953421003676
https://www.sciencedirect.com/science/article/abs/pii/S0961953421003676
https://www.sciencedirect.com/science/article/abs/pii/S0961953421003676
https://www.sciencedirect.com/science/article/abs/pii/S0961953421003676
https://www.sciencedirect.com/science/article/pii/S2214785321034763
https://www.sciencedirect.com/science/article/pii/S2214785321034763
https://www.sciencedirect.com/science/article/pii/S2214785321034763
https://www.sciencedirect.com/science/article/pii/S2214785321034763
https://www.sciencedirect.com/science/article/pii/S2214785321034763
https://www.sciencedirect.com/science/article/abs/pii/S1364032116300302
https://www.sciencedirect.com/science/article/abs/pii/S1364032116300302
https://www.sciencedirect.com/science/article/abs/pii/S1364032116300302
https://www.sciencedirect.com/science/article/abs/pii/S1364032116300302
https://www.sciencedirect.com/science/article/abs/pii/S1364032116300302
https://www.sciencedirect.com/science/article/pii/S2214785322049227
https://www.sciencedirect.com/science/article/pii/S2214785322049227
https://www.sciencedirect.com/science/article/pii/S2214785322049227
https://www.sciencedirect.com/science/article/pii/S2214785322049227
https://www.sciencedirect.com/science/article/abs/pii/S0016236122022451
https://www.sciencedirect.com/science/article/abs/pii/S0016236122022451
https://www.sciencedirect.com/science/article/abs/pii/S0016236122022451
https://www.sciencedirect.com/science/article/abs/pii/S0016236122022451
https://www.sciencedirect.com/science/article/abs/pii/S0016236122022451
https://www.sciencedirect.com/science/article/abs/pii/S0960148120306911
https://www.sciencedirect.com/science/article/abs/pii/S0960148120306911
https://www.sciencedirect.com/science/article/abs/pii/S0960148120306911
https://www.sciencedirect.com/science/article/abs/pii/S0960148120306911
https://www.sciencedirect.com/science/article/abs/pii/S0960148120306911
https://www.sciencedirect.com/science/article/abs/pii/S221334372100631X
https://www.sciencedirect.com/science/article/abs/pii/S221334372100631X
https://www.sciencedirect.com/science/article/abs/pii/S221334372100631X
https://www.sciencedirect.com/science/article/abs/pii/S221334372100631X
https://www.sciencedirect.com/science/article/abs/pii/S0961953420302488
https://www.sciencedirect.com/science/article/abs/pii/S0961953420302488
https://www.sciencedirect.com/science/article/abs/pii/S0961953420302488
https://www.sciencedirect.com/science/article/abs/pii/S0961953420302488
https://www.sciencedirect.com/science/article/abs/pii/S0961953420302488
https://www.sciencedirect.com/science/article/pii/S2590174522000447
https://www.sciencedirect.com/science/article/pii/S2590174522000447
https://www.sciencedirect.com/science/article/pii/S2590174522000447
https://www.sciencedirect.com/science/article/pii/S2590174522000447
https://www.sciencedirect.com/science/article/pii/S2590174522000447
https://www.sciencedirect.com/science/article/abs/pii/S030626191300319X
https://www.sciencedirect.com/science/article/abs/pii/S030626191300319X
https://www.sciencedirect.com/science/article/abs/pii/S030626191300319X
https://www.sciencedirect.com/science/article/abs/pii/S030626191300319X
https://www.sciencedirect.com/science/article/abs/pii/S030626191300319X
https://www.sciencedirect.com/science/article/pii/S0960148120315378

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Rios MAS, et al. Production, Characterization, and Exergy Analysis of the Soybean Biodiesel

Petroleum & Petrochemical Engineering Journal

Enhanced ultrasonic assisted biodiesel production from
meat industry waste (pig tallow) using green copper
oxide nanocatalyst: Comparison of response surface and
neural network modelling. Renewable Energy 164: 897-
907.

Rodrigues ACC (2021) Policy, regulation, development
and future of biodiesel industry in Brazil. Cleaner
Engineering and Technology 4: 100197.

Ramalho HF, Suarez PAZ (2013) The Chemistry of Oils
and Fats and Their Extraction and Refining Processes.
Rev Virtual Quim 5(1): 2-15.

Carvalho HM, Ribeiro AB (2012) Biodiesel: Vantagens
e Desvantagens Numa Comparacdo Com o Diesel
Convencional. Bolsista de Valor 2.

Tillmann CA da C (2013) Motores de Combustdo Interna
e Seus Sistemas. Universidade Federal de Santa Maria,
Colégio Técnico Industrial de Santa Maria, Pelotas.

(2019) Programa Nacional de Produg¢do e Uso do
Biodiesel (PNPB).

Ciapetro Manual Técnico Do Produto: Diesel S10.

(2019) Petrobras Informa¢des Técnicas: Oleo
Combustivel.
Oliveira MP De, Almeida FNC De, Berni JV (2015)

Influéncia Do Teor de Acidez Na Producdo de Biodiesel
Etilico de Canola Por Rota Alcalina. Anais CONEPETRO.

Khoobbakht G, Kheiralipour K, Rasouli H, Rafiee M,
Hadipour M, et al. (2020) Experimental Exergy Analysis
of Transesterification in Biodiesel Production. Energy
196(1): 117092.

Mamede AA da S, Lopes AAS, Marques RB, Malveira
JQ, Rios MA de S, et al. (2020) Soybean and Babassu
Biodiesel Production: A Laboratory Scale Study and an
Exergy Analysis Approach. Revista Materia 25(4): 1-8.

Kotas T] (1985) The Exergy Method of Thermal Plant
Analysis.

Szargut ], Morris DR, Steward FR (1987) Exergy Analysis
of Thermal, Chemical, and Metallurgical Processes.

Arredondo HIV (2009) Avaliagdo Exergética e
Exergo-Ambiental Da Produ¢do de Biocombustiveis.
Universidade de Sao Paulo, Brazil.

Silva de Sousa L, Veronica Rodarte de Moura C, Miranda
de Moura E (2021) Action of Natural Antioxidants on the
Oxidative Stability of Soy Biodiesel during Storage. Fuel

Produced by Laboratory Scale. Pet Petro Chem Eng ] 2023, 7(1): 000328.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

288:119632.

Nogueira TR, de Mesquita Figueredo I, Tavares Luna
FM, Cavalcante CL, Evangelista de Avila dos Santos ], et
al. (2020) Evaluation of Oxidative Stability of Soybean
Biodiesel Using Ethanolic and Chloroform Extracts of
Platymiscium Floribundum as Antioxidant. Renewable
Energy 159: 767-774.

De Sousa LS, De Moura CVR, De Oliveira JE, De Moura EM
(2014) Use of Natural Antioxidants in Soybean Biodiesel.
Fuel 134: 420-428.

Damasceno SS, Santos NA, Santos IMG, Souza AL,
Souza AG, et al. (2013) Caffeic and Ferulic Acids: An
Investigation of the Effect of Antioxidants on the Stability
of Soybean Biodiesel during Storage. Fuel 107: 641-646.

Focke WW, Westhuizen I Van Der, Grobler ABL, Nshoane
KT, Reddy JK, et al. (2012) The Effect of Synthetic
Antioxidants on the Oxidative Stability of Biodiesel. Fuel
94:227-233.

Buosi GM, Da Silva ET, Spacino K, Silva LRC, Ferreira
BAD, et al. (2016) Oxidative Stability of Biodiesel from
Soybean Oil: Comparison between Synthetic and Natural
Antioxidants. Fuel 181(1): 759-764.

Huang |, Zou Y, Yaseen M, Qu H, He R, et al. (2021)
Fabrication of Hollow Cage-like CaO Catalyst for the
Enhanced Biodiesel Production via Transesterification
of Soybean Qil and Methanol. Fuel 290: 119799.

Elkelawy M, Bastawissi HAE, Esmaeil KK, Radwan AM,
Panchal H, et al. (2020) Maximization of Biodiesel
Production from Sunflower and Soybean Oils and
Prediction of Diesel Engine Performance and Emission
Characteristics through Response Surface Methodology.
Fuel 266: 117072,

Efe S, Ceviz MA, Temur H (2018) Comparative Engine
Characteristics of Biodiesels from Hazelnut, Corn,
Soybean, Canola and Sunflower Oils on DI Diesel Engine.
Renewable Energy 119: 142-151.

Hou ], Zhang P, Yuan X, Zheng Y (2011) Life Cycle
Assessment of Biodiesel from Soybean, Jatropha
and Microalgae in China Conditions. Renewable and
Sustainable Energy Reviews 15(9): 5081-5091.

Zheng Z, Wang ], Wei Y, Liu X, Yu F, et al. (2019) Effect
of La-Fe/Si-MCM-41 Catalysts and CaO Additive on
Catalytic Cracking of Soybean Oil for Biofuel with Low
Aromatics. Journal of Analytical and Applied Pyrolysis
143: 104693.

Kratzeisen M, Muller ] (2009) Effect of Fatty Acid

Copyright© Rios MAS, et al.


https://medwinpublishers.com/PPEJ/
https://www.sciencedirect.com/science/article/pii/S0960148120315378
https://www.sciencedirect.com/science/article/pii/S0960148120315378
https://www.sciencedirect.com/science/article/pii/S0960148120315378
https://www.sciencedirect.com/science/article/pii/S0960148120315378
https://www.sciencedirect.com/science/article/pii/S0960148120315378
https://www.sciencedirect.com/science/article/pii/S2666790821001579
https://www.sciencedirect.com/science/article/pii/S2666790821001579
https://www.sciencedirect.com/science/article/pii/S2666790821001579
https://sistemas.eel.usp.br/docentes/arquivos/1285870/58/Quimicade0leoseGorduras.Artigo.pdf
https://sistemas.eel.usp.br/docentes/arquivos/1285870/58/Quimicade0leoseGorduras.Artigo.pdf
https://sistemas.eel.usp.br/docentes/arquivos/1285870/58/Quimicade0leoseGorduras.Artigo.pdf
https://www.gov.br/agricultura/pt-br/assuntos/agricultura-familiar/biodiesel/programa-nacional-de-producao-e-uso-do-biodiesel-pnpb
https://www.gov.br/agricultura/pt-br/assuntos/agricultura-familiar/biodiesel/programa-nacional-de-producao-e-uso-do-biodiesel-pnpb
https://www.editorarealize.com.br/index.php/artigo/visualizar/10351
https://www.editorarealize.com.br/index.php/artigo/visualizar/10351
https://www.editorarealize.com.br/index.php/artigo/visualizar/10351
https://www.sciencedirect.com/science/article/abs/pii/S0360544220301997
https://www.sciencedirect.com/science/article/abs/pii/S0360544220301997
https://www.sciencedirect.com/science/article/abs/pii/S0360544220301997
https://www.sciencedirect.com/science/article/abs/pii/S0360544220301997
https://www.scielo.br/j/rmat/a/f7SMpcFYPsLTFbgvWh9qFGB/?lang=en
https://www.scielo.br/j/rmat/a/f7SMpcFYPsLTFbgvWh9qFGB/?lang=en
https://www.scielo.br/j/rmat/a/f7SMpcFYPsLTFbgvWh9qFGB/?lang=en
https://www.scielo.br/j/rmat/a/f7SMpcFYPsLTFbgvWh9qFGB/?lang=en
https://www.sciencedirect.com/book/9780408013505/the-exergy-method-of-thermal-plant-analysis
https://www.sciencedirect.com/book/9780408013505/the-exergy-method-of-thermal-plant-analysis
https://www.osti.gov/biblio/6157620'
https://www.osti.gov/biblio/6157620'
https://www.sciencedirect.com/science/article/abs/pii/S0016236120326284
https://www.sciencedirect.com/science/article/abs/pii/S0016236120326284
https://www.sciencedirect.com/science/article/abs/pii/S0016236120326284
https://www.sciencedirect.com/science/article/abs/pii/S0016236120326284
https://www.sciencedirect.com/science/article/abs/pii/S0960148120309721
https://www.sciencedirect.com/science/article/abs/pii/S0960148120309721
https://www.sciencedirect.com/science/article/abs/pii/S0960148120309721
https://www.sciencedirect.com/science/article/abs/pii/S0960148120309721
https://www.sciencedirect.com/science/article/abs/pii/S0960148120309721
https://www.sciencedirect.com/science/article/abs/pii/S0960148120309721
https://www.sciencedirect.com/science/article/pii/S001623611400564X
https://www.sciencedirect.com/science/article/pii/S001623611400564X
https://www.sciencedirect.com/science/article/pii/S001623611400564X
https://www.sciencedirect.com/science/article/abs/pii/S001623611200943X
https://www.sciencedirect.com/science/article/abs/pii/S001623611200943X
https://www.sciencedirect.com/science/article/abs/pii/S001623611200943X
https://www.sciencedirect.com/science/article/abs/pii/S001623611200943X
https://www.sciencedirect.com/science/article/abs/pii/S0016236111007757
https://www.sciencedirect.com/science/article/abs/pii/S0016236111007757
https://www.sciencedirect.com/science/article/abs/pii/S0016236111007757
https://www.sciencedirect.com/science/article/abs/pii/S0016236111007757
https://www.sciencedirect.com/science/article/abs/pii/S0016236116303726
https://www.sciencedirect.com/science/article/abs/pii/S0016236116303726
https://www.sciencedirect.com/science/article/abs/pii/S0016236116303726
https://www.sciencedirect.com/science/article/abs/pii/S0016236116303726
https://www.sciencedirect.com/science/article/abs/pii/S0016236120327952
https://www.sciencedirect.com/science/article/abs/pii/S0016236120327952
https://www.sciencedirect.com/science/article/abs/pii/S0016236120327952
https://www.sciencedirect.com/science/article/abs/pii/S0016236120327952
https://www.sciencedirect.com/science/article/abs/pii/S0016236120300673
https://www.sciencedirect.com/science/article/abs/pii/S0016236120300673
https://www.sciencedirect.com/science/article/abs/pii/S0016236120300673
https://www.sciencedirect.com/science/article/abs/pii/S0016236120300673
https://www.sciencedirect.com/science/article/abs/pii/S0016236120300673
https://www.sciencedirect.com/science/article/abs/pii/S0016236120300673
https://www.sciencedirect.com/science/article/abs/pii/S0960148117312077
https://www.sciencedirect.com/science/article/abs/pii/S0960148117312077
https://www.sciencedirect.com/science/article/abs/pii/S0960148117312077
https://www.sciencedirect.com/science/article/abs/pii/S0960148117312077
https://www.sciencedirect.com/science/article/abs/pii/S1364032111002899
https://www.sciencedirect.com/science/article/abs/pii/S1364032111002899
https://www.sciencedirect.com/science/article/abs/pii/S1364032111002899
https://www.sciencedirect.com/science/article/abs/pii/S1364032111002899
https://www.sciencedirect.com/science/article/abs/pii/S0165237019302773?
https://www.sciencedirect.com/science/article/abs/pii/S0165237019302773?
https://www.sciencedirect.com/science/article/abs/pii/S0165237019302773?
https://www.sciencedirect.com/science/article/abs/pii/S0165237019302773?
https://www.sciencedirect.com/science/article/abs/pii/S0165237019302773?
https://www.sciencedirect.com/science/article/abs/pii/S0960148109001116

55.

56.

57.

58.

59.

60.

61.

Rios MAS, et al. Production, Characterization, and Exergy Analysis of the Soybean Biodiesel

Petroleum & Petrochemical Engineering Journal

Composition of Soybean Oil on Deposit and Performance
of Plant Oil Pressure Stoves. Renewable Energy 34(11):
2461-2466.

Celikten I, Koca A, Arslan AM (2010) Comparison of
Performance and Emissions of Diesel Fuel, Rapeseed
and Soybean Oil Methyl Esters Injected at Different
Pressures. Renewable Energy 35(4) 814-820.

Bhandari R, Volli V, Purkait MK (2015) Preparation
and Characterization of Fly Ash Based Mesoporous
Catalyst for Trans-esterification of Soybean Oil. Journal
of Environmental Chemical Engineering 3(2): 906-914.

Li L, Quan, K, Xu ], Liu F, Liu S, et al. (2014) Preparation
of Basic Mesoporous Molecular Sieves K20/Mg-MCM-41
and Its Catalytic Performance on the Cracking of Soybean
Oils. Journal of Analytical and Applied Pyrolysis 110:
313-317.

Vellaiyan S, Partheeban CMA (2020) Combined Effect
of Water Emulsion and ZnO Nanoparticle on Emissions
Pattern of Soybean Biodiesel Fuelled Diesel Engine.
Renewable Energy 149: 1157-1166.

Zhao X, Yang ], Tao D, Xu X (2013) Tribological Study of
Nitrogen Plasma Polymerized Soybean Oil with Nitrogen
Heterocyclic Structures. Industrial Crops and Products
51: 236-243.

Shirasaki Y, Nasu H, Hashimoto T, Ishihara A (2019)
Effects of Types of Zeolite and Oxide and Preparation
Methods on Dehydrocyclization-Cracking of Soybean Oil
Using Hierarchical Zeolite-Oxide Composite-Supported
Pt/NiMo Sulfided Catalysts. Fuel Processing Technology
194:106109.

Ngo TA, Kim ], Kim SK, Kim SS (2010) Pyrolysis of
Soybean 0Oil with H-ZSM5 (Proton-Exchange of Zeolite
Socony Mobil #5) and MCM41 (Mobil Composition of
Matter No. 41) Catalysts in a Fixed-Bed Reactor. Energy

Produced by Laboratory Scale. Pet Petro Chem Eng ] 2023, 7(1): 000328.

62.

63.

64.

65.

66.

67.

68.

69.

35(6): 2723-2728.

Lapuerta M, Fernandez ]JR, Agudelo JR, Boehman AL
(2013) Blending Scenarios for Soybean Oil Derived
Biofuels with Conventional Diesel. Biomass and
Bioenergy 49: 74-85.

Barrios CC, Saez DA, Martin C, Alvarez P (2014) Effects
of Animal Fat Based Biodiesel on a TDI Diesel Engine
Performance, Combustion Characteristics and Particle
Number and Size Distribution Emissions. Fuel 117: 618-
623.

Conconi, CC, Crnkovic PM (2013) Thermal Behavior of
Renewable Diesel from Sugar Cane, Biodiesel, Fossil
Diesel and Their Blends. Fuel Processing Technology
114: 6-11.

Celebi Y, Aydin H (2019) An Overview on the Light
Alcohol Fuels in Diesel Engines. Fuel 236: 890-911.

Pretto CD, Tardioli PW, Costa CBB (2017) Assessing
Energetic and Available Fuel Demands from a Soybean
Biorefinery Producing Refined Oil, Biodiesel, Defatted
Meal and Power. Computers & Chemical Engineering
104: 259-270.

Blumberg T, Morosuk T, Tsatsaronis G (2017) Exergy-
Based Evaluation of Methanol Production from Natural
Gas with CO, Utilization. Energy 141: 2528-2539.

Caliskan H, Tat ME, Hepbasli A, Gerpen JHV (2010)
Exergy Analysis of Engines Fuelled with Biodiesel from
High Oleic Soybeans Based on Experimental Values.
International Journal of Exergy 7(1): 20-36.

Silva MMD, Maziero R, Castro BDD, Rubio JC (2020)
Exergetic Analysis of the Process of Pre-Treatment of
Soybean Oil for the Production of Biodiesel. UniFOA
Notebooks 15(44): 37-43.

Copyright© Rios MAS, et al.


https://medwinpublishers.com/PPEJ/
https://www.sciencedirect.com/science/article/abs/pii/S0960148109001116
https://www.sciencedirect.com/science/article/abs/pii/S0960148109001116
https://www.sciencedirect.com/science/article/abs/pii/S0960148109001116
https://www.sciencedirect.com/science/article/abs/pii/S0960148109003826
https://www.sciencedirect.com/science/article/abs/pii/S0960148109003826
https://www.sciencedirect.com/science/article/abs/pii/S0960148109003826
https://www.sciencedirect.com/science/article/abs/pii/S0960148109003826
https://www.sciencedirect.com/science/article/abs/pii/S2213343715000883
https://www.sciencedirect.com/science/article/abs/pii/S2213343715000883
https://www.sciencedirect.com/science/article/abs/pii/S2213343715000883
https://www.sciencedirect.com/science/article/abs/pii/S2213343715000883
https://www.sciencedirect.com/science/article/abs/pii/S016523701400240X
https://www.sciencedirect.com/science/article/abs/pii/S016523701400240X
https://www.sciencedirect.com/science/article/abs/pii/S016523701400240X
https://www.sciencedirect.com/science/article/abs/pii/S016523701400240X
https://www.sciencedirect.com/science/article/abs/pii/S016523701400240X
https://www.sciencedirect.com/science/article/abs/pii/S0960148119315927
https://www.sciencedirect.com/science/article/abs/pii/S0960148119315927
https://www.sciencedirect.com/science/article/abs/pii/S0960148119315927
https://www.sciencedirect.com/science/article/abs/pii/S0960148119315927
https://www.sciencedirect.com/science/article/abs/pii/S0926669013004913
https://www.sciencedirect.com/science/article/abs/pii/S0926669013004913
https://www.sciencedirect.com/science/article/abs/pii/S0926669013004913
https://www.sciencedirect.com/science/article/abs/pii/S0926669013004913
https://www.sciencedirect.com/science/article/pii/S0378382019303923
https://www.sciencedirect.com/science/article/pii/S0378382019303923
https://www.sciencedirect.com/science/article/pii/S0378382019303923
https://www.sciencedirect.com/science/article/pii/S0378382019303923
https://www.sciencedirect.com/science/article/pii/S0378382019303923
https://www.sciencedirect.com/science/article/pii/S0378382019303923
https://www.sciencedirect.com/science/article/abs/pii/S0961953412005004https:/www.sciencedirect.com/science/article/abs/pii/S0360544209002084
https://www.sciencedirect.com/science/article/abs/pii/S0961953412005004https:/www.sciencedirect.com/science/article/abs/pii/S0360544209002084
https://www.sciencedirect.com/science/article/abs/pii/S0961953412005004https:/www.sciencedirect.com/science/article/abs/pii/S0360544209002084
https://www.sciencedirect.com/science/article/abs/pii/S0961953412005004https:/www.sciencedirect.com/science/article/abs/pii/S0360544209002084
https://www.sciencedirect.com/science/article/abs/pii/S0961953412005004https:/www.sciencedirect.com/science/article/abs/pii/S0360544209002084
https://www.sciencedirect.com/science/article/abs/pii/S0961953412005004https:/www.sciencedirect.com/science/article/abs/pii/S0360544209002084
https://www.sciencedirect.com/science/article/abs/pii/S0961953412005004https:/www.sciencedirect.com/science/article/abs/pii/S0360544209002084
https://www.sciencedirect.com/science/article/abs/pii/S0961953412005004https:/www.sciencedirect.com/science/article/abs/pii/S0360544209002084
https://www.sciencedirect.com/science/article/abs/pii/S0961953412005004https:/www.sciencedirect.com/science/article/abs/pii/S0360544209002084
https://www.sciencedirect.com/science/article/abs/pii/S0016236113008806
https://www.sciencedirect.com/science/article/abs/pii/S0016236113008806
https://www.sciencedirect.com/science/article/abs/pii/S0016236113008806
https://www.sciencedirect.com/science/article/abs/pii/S0016236113008806
https://www.sciencedirect.com/science/article/abs/pii/S0016236113008806
https://www.sciencedirect.com/science/article/pii/S0378382013001410?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378382013001410?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378382013001410?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378382013001410?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0016236118315102
https://www.sciencedirect.com/science/article/abs/pii/S0016236118315102
https://www.sciencedirect.com/science/article/abs/pii/S0098135417301229
https://www.sciencedirect.com/science/article/abs/pii/S0098135417301229
https://www.sciencedirect.com/science/article/abs/pii/S0098135417301229
https://www.sciencedirect.com/science/article/abs/pii/S0098135417301229
https://www.sciencedirect.com/science/article/abs/pii/S0098135417301229
https://www.sciencedirect.com/science/article/abs/pii/S0360544217311398
https://www.sciencedirect.com/science/article/abs/pii/S0360544217311398
https://www.sciencedirect.com/science/article/abs/pii/S0360544217311398
https://www.inderscienceonline.com/doi/abs/10.1504/IJEX.2010.029612
https://www.inderscienceonline.com/doi/abs/10.1504/IJEX.2010.029612
https://www.inderscienceonline.com/doi/abs/10.1504/IJEX.2010.029612
https://www.inderscienceonline.com/doi/abs/10.1504/IJEX.2010.029612
https://revistas.unifoa.edu.br/cadernos/article/view/2986
https://revistas.unifoa.edu.br/cadernos/article/view/2986
https://revistas.unifoa.edu.br/cadernos/article/view/2986
https://revistas.unifoa.edu.br/cadernos/article/view/2986
https://revistas.unifoa.edu.br/cadernos/article/view/2986
https://creativecommons.org/licenses/by/4.0/

	_Hlk124512577
	_Hlk124513245
	_Ref111101964
	_Ref111211154
	_Ref111104111
	_Ref111105458
	_Ref111109427
	_Ref111210553
	_Ref111210821
	_Ref111211508
	_Ref111393095
	_Ref111393108
	_Ref111393122
	Abstract
	Introduction	
	Methods
	Acidity Number
	Biodiesel Production – Alkaline Transesterification, Washing, and Drying
	Density at 20°C
	Kinematic Viscosity at 40°C
	Water content
	Accelerated Oxidative Stability
	Heating Value
	Exergy Efficiency Analysis

	Results and Discussion
	Conclusion
	Thanks
	References

