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Abstract

Energy is playing a vital role in human life and mainly produced from the fossil fuels
worldwide. Due to the extensive usage of energy obtained from fossil fuels, alternative sources
of energy should be sought for the future demands. Biodiesel can be one of the alternative
energy sources to replace the fossil fuels because of the lower emissions and lower harmful
exhaust gases. Biodiesel can be directly used or blended with other diesel products to manage
some of the pollution and emission problems. In today’s conditions, the optimum blend of
biodiesel to the diesel seems to be about 10 wt. % (or B10). The emissions and particulates can
be adjusted after appropriate blends of biodiesel into the petroleum-based diesel. During the
present study, the undergraduate engineering students were trained on biodiesel production
using a waste vegetable oil. The major goals of this study were to extract the biodiesel from the
waste vegetable oil, improve biodiesel properties and train the undergraduate engineering
students on the renewable energy systems for their future careers.

Keywords: Waste Vegetable Oil, Transesterification, Biodiesel, Byproducts, Renewable Energy,
Student Training.

1. Introduction
1.1 General Background

In order to meet the economic challenges and sustainable developments, many countries have
been seeking low cost energy sources [1-3]. During the past half century, the demand for oil, gas
and coal all around the world tremendously increased with the increasing population and
economic growths. The United States, Russia and China together produce about 31% of the
world’s energy, but consuming 41% of the produced energies. Biodiesel is one of the options to
meet the growing demands of the energy [4-15]. Figure 1 shows the chart for the contributions of
the biodiesel productions in 2008 in the world [16]. This chart explicitly reveals that among all
countries US holds the largest productions and consumptions of the biodiesel. Figure 2 shows the
comparison of ethanol and biodiesel usage from years 2000 to 2015 [17]. After year of 2006, the
ethanol and biodiesel usages were considerably increased because of the oil prices and larger
demands on the new oil sources.
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Figure 1: The chart showing the contributions of the biodiesel productions in the world
[16].
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Figure 2: The graphic showing the comparison of ethanol and biodiesel usage from the
years 2000 to 2015 [17].

Biodiesel can be an alternative fuel for diesel engines that has been receiving a great
attention worldwide. Not only can it be obtained from living plants, such as soy oil, sunflower
seeds and vegetable oil, but also from our everyday domestic waste, the waste cooking oil and
animal fats. In the recent years, biodiesel, containing esters of fatty acids with short chain
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alcohols (mainly methanol), gained an important position as an environmentally friendly
substitute of petroleum-based diesel fuel. It is biodegradable, non- inflammable, non-toxic,
producing much less carbon monoxide, sulfur dioxide and unburned hydrocarbons when
compared to the petroleum-based diesel products. In addition to these advantages of biodiesel
over the diesel fuel, the most important advantages of the biodiesel include the reduction of
greenhouse gas effects and emissions from exhaust gas of a combustion [1]. Although it attracts
the most attention because of its renewable nature, it can be used either pure or in blends with
diesel fuel in unmodified diesel engines, and reduces some of the exhaust gas pollutants. It is
also attractive because it can be produced easily from common feedstock of waste oils and
animal fats.

1.2 Transesterification of Vegetable Oils

Transesterification is the process of separating the fatty acids from their glycerol backbone of oil
to form fatty acid esters (FAE) and free glycerol [18-20]. Biodiesel, also known as fatty acid
esters, can be produced in a continuous and batch scale by trans-esterifying triglycerides in
vegetable oil and animal fats and other organic waste which has lower molecular weight in the
presence of a base or acid as a catalyst. Figure 3 shows the transesterification process of
converting vegetable oils into biodiesel (methyl ester) [20]. The "R" groups in the chart are the
fatty acids, which are usually 12 to 22 carbons in length. A successful transesterification reaction
is identified by separation of the ethyl ester (biodiesel) and glycerol. The by-product glycerol
settles down and once purified it can be used in different industries for cosmetics and detergent
purpose. The reaction taking place between the oil and the alcohol is a chemically reversible
process.
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|
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H
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Figure 3: The transesterification process of converting vegetable oils into biodiesel (methyl
ester) [14].

Figure 4 shows the trend of ester yielding / conversion from an oil as a function of time [19]. The
esterification yield was very fast in first 10 minutes, and then the maximum yield was reached
within 20 minute of the esterification time. After this time, the esterification reaction is leveled
off. The average overall conversion achieved this reaction was 94.5%. Issariyakul et al. obtained
an ethyl ester conversion of waste cooking oil up to 97% [8]. Leung et al. also reported that the
conversion of a waste cooking oil using sodium hydroxide catalysts was approximately 86% [9].
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Table 1 gives the physical and chemical properties of the oil feedstock [9].

Figure 4:
[19].
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Table 1: The physical and chemical properties of the oil feedstock [9].

Property Waste cooking oil Neat canola oil
Acid value (mg KOH/g) 2.1 <0.5
Kinematic viscosity at 40°C (cSt) 353 30.2
Fatty acid composition (wt%)

Myristic (C14:0) 0.9 0.1
Palmitic (C16:0) 20.4 3.5
Palmitoleic (C16:1) 4.6 1.1
Stearic (C18:0) 4.8 2.2
Oleic (C18:1) 52.9 53
Linolec(C18:2) 13.5 24
Linolenic(C18:3) 0.8 8.8
Arachidic (C20:0) 0.12 0.7
Eicosenic (C20:1) 0.84 14
Behenic (C22:0) 0.03 0.5
Erucic (C22:1) 0.07 0.4
Tetracosanic (C24:0) 0.04 0.3
Mean molecular wt (g/mol) 856 R82
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Zheng et al. proved that methyl ester conversion of waste cooking oil in acid catalyzed
transesterifications could reach up to 99% [10]. This process was performed using a high
methanol to oil ratio of 250:1. Transesterification was carried out using 0.4%, 0.6%, 0.8%, 1.0%
and 1.2% of catalyst concentration. With 0.4 % of catalyst concentration, no reaction was
observed as there was no separated layer of ester and glycerin in the system [10]. Figure 5 shows
the conversion efficiency of ester under different catalyst concentrations. It was observed that the
ester yielding decreased with the increase in sodium hydroxide concentration. With 1.2% catalyst
concentration, a complete soap formation was observed because the larger amount of catalyst
caused a soap formation in the reaction vessel [11-15].
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Figure 5: The conversion efficiency of ester under different catalysts concentrations [11].

1.3 Separations, Washing and Characterization of Biodiesel

After the transesterification process, the reaction products are allowed to cool down and separate
based on the gravity values of the products. The clear separation layer can be observed after 12-
24 hours of settlement time [1]. After the biodiesel processing is completed, it is very important
to wash the final ester products prior to the commercial marking. With the help of DI water, the
ester (mainly biodiesel) was washed several times through creating mists on the top with the use
of spray nozzle. The recent study reported that the fine mist washing requires a less agitation,
resulting in less soap formation and more biodiesel [6]. Washing can be improved by using hot
wash water of 50-60° C onto biodiesel [7]. According to the ASTM Biodiesel Fuel Quality
Assurance Standard Tests, the biodiesel and byproducts can be characterized using various
techniques to determine the physical and chemical properties of the products. Table 2 provides
the summary of test methods, the standard limit as recommended by ASTM standards and the
expected test results for the waste cooking oils [9].
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Test name Test Method R Result gty
Limit EN14214

Free Glycerin (mass %) ASTM D6584 Max 0.020 0.022
Monoglycendes (mass%) ASTM D6584 NA 0.293 0.8
Diglycerides (mass %) ASTM D6584 NA 0.19 0.2
Trglycerides (mass%) ASTM D6584 NA 0.061 0.2
Total Glycerin (mass%) ASTM D6584 0.024 0.566
Flash Point, Closed cup (°C) ASTM D93 Min 130 164
Phosphorous (ppm) ASTM D 4951 Max 10 2
Calcium+Magnesium (ppm) EN 14538 Max | 1
Sodium+potassium (ppm) EN 14538 Max 5 66
Water+Sediment (vol%) ASTM D 2709 Max 0.05 0
Sulfur by UV (ppm) ASTM D 5453 Max 15 2
TAN (mgKOH/g) ASTM D 664 Max 0.80 0.29
Viscosity @ 40°C mm?/sec ASTM D 445 1.9-6.0 5.03
Sim.Dis., 90% recovery (°C) ASTM D 2887 Max 360 366
Cetane Index ASTM D 976 Min 47 61
Cloud Point (°C) ASTM D 2500 NA -1
Pour Point (’c) ASTM D 97 NA -16
Density @15°C g/em’ - NA 0.87 0.86-0.90

2. Experimental
2.1 Materials

Isopropyl alcohol, potassium hydroxide (as a catalyst), phenolphthalein (pH) solution, and
methanol were purchased from the Fisher Scientific. The polymer and solvents were used during
the student experiments without any modifications or purifications. The waste vegetable oil was
by-product of a household, and filtered with a vacuum filter to remove the access particles
accumulated during the cooking / frying. Figure 6 show the waste vegetable oil before and after
the filtering process.
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Figure 6: The photographs showing the waste vegetable oil a) before and b) after the
filtering process.

2.2 Methods

Prior to the biodiesel process, titration tests were performed on the waste vegetable oil to
determine amount of catalyst and alcohol. A syringe, small beakers for titration, a 250 ml jar and
conical flask with a stopper were used during the titration. Titration solution was prepared using
1 g of KOH pellets into 1 L of DI water. The titration solution was stirred until KOH pellets were
completely dissolved in DI water. 1 ml of the waste oil was placed in the beaker, and 10 ml of
isopropy! alcohol was added into the same beaker. While stirring, 2-3 drops of phenolphthalein
was added in this solution, which was then mixed for a few minutes. The titration solution was
added dropwise to the previous mixture by means of a syringe. The titration process was
continued until the solution color was changed from light yellow to complete pink. After
repeating this process 3-4 times, average titration solution was found to be 3.0 ml. Figure 7
shows the titration process for the biodiesel production using the waste vegetable oil. Based on
the calculations, we found that 0.4 g of KOH catalyst and 8 ml of methanol would be necessary
to convert 40 ml of filtered waste vegetable oil into biodiesel and glycerin. After the titration
process, biodiesel was produced from the waste vegetable oil using the procedures described
earlier [1].
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Figure 7: The titration process for the biodiesel production using the waste vegetable oil.
The titration process was continued until the pink color was clearly seen.

3. Results and Discussion
3.1 Producing Biodiesel from Waste Vegetable Oil

In the biodiesel production tests, 0.4 gr of KOH pallets (catalysts) were dissolved in 8 ml of
methanol in an Erlenmeyer flask under constant stirring for 5-10 minutes. 40 ml of the filtered

oil was heated up to 135 F (57 °C) in a flask on a hotplate, and the catalyst solution (KOH and
methanol) was slowly added into the heated oil. After mixing vigorously with the magnetic bar at
600 rpm for about 10-15 minutes, the color of the solution became a dark red, indicating that the
chemical reactions took place to produce a biodiesel. The mixed solution of the flask covered
with a rubber stopper was kept in the fume hood overnight (10-12 hrs). This duration completed
the reactions and separated the biodiesel (top light layer) and glycerin (bottom dark layer).

Figure 8 shows the photographs of the biodiesel (top light layer) and glycerin (bottom dark layer)
as a by-product.

Separating the top layer from the bottom layer will yield the biodiesel. Washing the biodiesel
with a top water at 50:50 ratio or air bubbling into the biodiesel removes the impurities /
contaminants in the biodiesel for the commercial use. The fatty acid composition of final
biodiesel esters was determined by gas chromatography and found that the waste cooking oil
contains mainly oleic acid and other compounds in the final products. The biodiesel was
characterized for its physical and fuel properties using the ASTM standard methods for the
biodiesel fuel quality assurance [12].
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Figure 8: The photographs showing a) the biodiesel (top light layer) and glycerin (bottom
dark layer) as a by-product, and b) the clean biodiesel.

3.2 Training Undergraduate Engineering Students

Renewable energy has been gaining much attention worldwide because of the environmental and
health concerns of the fossil fuels, and biodiesel can be one of the major sources of the
renewable energies available in the world. Undergraduate students in the Department of
Mechanical Engineering at WSU were involved in every step of the present study, learned many
new techniques and gained a lot of new skills and knowledge about titration, filtration of waste
oil, extraction of oil, washing and conversion into biodiesel during the experimental studies.
Some of the students joined our group used these research activities as their own Engineer of
2020 requirements in the College of Engineering. One of the students (Mr. Israel Belachew) is
also a co-author of the present study and made a lot of contributions during the experiments
(Figures 7 and 8). We believe that these studies and new experiments will enhance the
knowledge of many BS engineering students to perform more detail studies in these fields for
their higher level educations.

4. Conclusions

Because of the shortages in economically producible fossil fuels, global economic crises, and
environmental and health problems, many researchers and scientists have been focused on the
renewable energy sources in the world. Biodiesel is one of the greater sources of the renewable
energies available in the world. It can be directly used or as a blend of petroleum-based diesel to
increase the life time of the energy sources, and provide sustainable developments. In this study,
biodiesel was successfully produced from the waste vegetable oil collected from a local home
using transesterification process. Throughout the experiments, the students gained an
understanding of the biodiesel processes (e.g., titration, transesterification, thermal liquefaction,
separation, and clean biodiesel), and how the biodiesel and its byproducts were used for different
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applications. It is believed that these activities will motivate the undergraduate engineering
students to do further studies in these fields for their MS and PhD degrees.
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