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Abstract
Biodiesel is a renewable biofuel produced by transesterification process from vegetable oils or
fat. The immiscible nature of the reactants during the transesterification process results in
poor mass transfer rate which causes long reaction time and low reaction rate. The transesterification
is generally carriedout in a batch reactor which uses conventional electrical heating and mechanical
stirring. The conventional method used in the batch reactors need more than one hour of
electrical energy for both heating and stirring. Hence, few alternative energy stimulant methods
were tried for the production of biodiesel. The biodiesel produced by these methods satisfies
the biodiesel standards and characteristics of the biodiesel are similar to the biodiesel produced by
the conventional method. This paper discus various energy stimulant methods which offer a
fast, easy route to produce biodiesel with advantages of enhancing the reaction rate and
improving the separation process as compared to the conventional method. These advanced
technologies have the potential to significantly enhance the biodiesel production process with
considerable potential in reducing production time and cost.
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1. Introduction
The world oil resources are expected to meet the projected growth in energy demand
in near future [1]. Shahriar et al. [2] analysis indicates that the fossil fuel reserves
depletion times for oil, coal and gas are approximately 35, 107 and 37 years respectively.
Also, the fuel crisis due to increase in vehicular population have renewed interest to
look for alternative fuels of bio-origin. Biomass is considered as a one of the most
sustainable, alternative, renewable energy sources and biodiesel is considered as an
immediate substitute for the fossil diesel in diesel engine. Biodiesel is produced from
vegetable oil or fat by transesterification process. In transesterification process, the
vegetable oil or fat is mixed with the mixture of anhydrous methanol and catalyst.
This mixture of the reactants is heated and stirred using suitable devices and the
transesterification reaction takes more than one hour for completion. A catalyst is
usually used to improve the reaction rate and the biodiesel yield. The variables which
affects the biodiesel yield are, reaction temperature, reaction time, type of catalysts,
alcohol/vegetable oil molar ratio, purity of the reactants and free fatty acid content [3-4].
The transesterification reaction is represented by the general equation shown in Figure 1.
The major obstacle in the commercialization of biodiesel is its higher cost as compared
to diesel. A significant amount (25%) of production cost can be reduced if less expensive
vegetable oils are used to produce biodiesel [5]. A. E. Atabani et al. [6] suggest that
there is a huge potential to produce biodiesel from non-edible oils. Also, the production

cost can be further reduced by analyzing production process from the seed to the
biodiesel end-product and reducing energy inefficiencies [7-8].

Figure 1 Transesterification of Triglycerides
2. Biodiesel Production by Conventional Method
The conventional biodiesel processes are based on use of high power conventional
heating and mechanical stirring. In conventional method, an electrical heater and an
electric motor are used for heating and mixing of the reactants respectively. The conventional heating depends upon convection currents and the thermal conductivity of
the reaction mixture. The stoichiometry molar ratio of alcohol to oil required for the
transesterification is 3:1, but excess molar ratio has been used for better biodiesel
yield and to shift the reaction to the product side as this reaction is a reversible one.
Generally, the reaction temperature is maintained below the boiling point of the methanol.
The biodiesel yield of 80 to 100% can be obtained depending on the feedstock, amount
and type of alcohol, catalyst quantity, reaction temperature and reaction time. The
conventional biodiesel processes in batch processing is slow and the reaction time is
more than one hour and phase separation takes more than 5 hour [3-6].
3. Microwave Technology
Microwave is an electromagnetic wave with frequencies between 0.3 GHz and 300 GHz
and is a form of energy that resides fairly low in the electromagnetic spectrum. A
domestic microwave oven passes microwave radiation, causing dielectric heating by
absorption of energy in the water, fats and sugar contained in the food [9]. During
microwave irradiation, the bonds are neither formed nor broken but the energy is
rapidly transferred to the sample. From the literature, it is observed that the microwave
irradiation can be used as the heat source during transesterification reaction because
it accomplishes the transesterification reactions in sec or min. The microwave dielectric
properties depend significantly on the temperature, frequency and catalyst [10]. The
thermal analysis based on the new method will be helpful for the industrial design of
biodiesel production [11].
In microwave assisted biodiesel production unit, the reactants such as vegetable
oil, alcohol and catalyst were mixed using suitable stirring device and heated by the
microwave heat source. The reactants are subjected to the microwave irradiation for
the required reaction time of few min. After that the products of the transesterification
were allowed to settle for phase separation. The separation of the biodiesel and glycerin
phase takes 30 to 60 min. After that the crude biodiesel is subjected to water wash
to remove impurities and dried to remove the moisture content. The reaction time
and setting time required for this method is low and hence the production cost also
reduces significantly. The fuel properties of the biodiesel produced by this method
are similar to the biodiesel produced by conventional method and satisfy the biodiesel
standards. Table 1 shows the optimum condition required for biodiesel production
from various vegetable oils.

Table 1 Optimum Condition for Biodiesel Production using Microwave Irradiation
Type of oil
Jatropha oil
Pongamia
pinnata seed
oil
Waste cooking
oil
Yellow horn oil
Palm oil
Waste frying
palm oil

Optimum Condition
Methanol/oil molar ratio of 7.5:1, 1.5% KOH, reaction
temperature of 65 °C, reaction time of 2 min
Alcohol/oil molar ratio of 6:1, reaction temperature of
60oC, 0.5% NaOH and 1.0% KOH.
Methanol-to-oil molar ratio of 6:1, 0.75wt% CH3ONa or
NaOH, reaction time of 3 min, microwave power of
750W. Biodiesel yield of CH3ONa is higher than NaOH.
Molar ratio of methanol/oil 12:1, temperature of 60oC,
reaction time of 10 min, 1% heteropolyacid catalyst
( Cs2.5H0.5PW12O40)
Methanol-to-oil ratio of 18:1, reaction time of 4 min,
900 W microwave power, CaO catalysts derived from
eggshells:15%
Ethanol to oil molar ratio of 12:1, 3.0% NaOH, reaction
time of 30 sec.

Reference
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Jun Cheng et al. [18] used a novel process for the direct conversion of wet microalgae
biomass into biodiesel by microwave irradiation. They reported that, the biodiesel
production rate and yield from wet microalgae obtained through the one-step process
using microwave irradiation were higher than the two-step process using conventional
heating. Few researchers observed a significant effect of the reaction time in reducing
the catalytic activity which interpreted in terms enzyme deactivation, due to microwave
exposure. They concluded that the biocatalyst activity in presence of microwave
increased about one order of magnitude [19]. Honglei et al. [20] reported that the
biodiesel production from waste cooking oil using microwave reached the biodiesel
yield of 97.4% under the optimal conditions and with the ion-exchange resin particles
catalytic membrane. The real time monitoring and controlling of the process is necessary
to adjust the applied power of microwave reactor [21]. Few researchers designed
controllers which are based on LabVIEW, to automatically and continuously adjust
the applied power and full system real time monitoring [22].
4. Engine Test with Biodiesel
The properties of biodiesel obtained by microwave irradiation are similar to the
biodiesel obtained by the conventional method. When waste palm oil biodiesel was
used as a substitute in 100 kW diesel generator with B100 and B50 as fuel, the engine
thermal efficiency was reduced as compared to the fossil diesel, at all loads. But the
engine emissions such as CO, NOx and HC were reduced, except that at the 75 kW
engine load [17].
5. Ultrasonic Technology
The ultrasonication increases the chemical reaction speed of the transesterification
and also facilities the change of production method from batch processing to continuous
flow processing. The principle of ultrasound action in biodiesel production is primarily
based on the emulsification of the immiscible liquid reactants by microturbulence
generated by radial motion of cavitation bubbles. It allows a short reaction time and
high yield because of emulsification and cavitation of the liquid–liquid immiscible
system [23]. The ultrasonic irradiation biodiesel process reduces the reaction time by
30 min or more as compared to the conventional method. The highest biodiesel yield
and methyl ester content were observed at an ultrasonic power of more than 450 W [24].

Do Van Manh et al. [25] studied the effects of ultrasonic irradiation time (t) on the
biodiesel yield (Y) of biodiesel produced from blended oil consisted of 20, 50 and
30% of tung, canola and palm oils, respectively and CH3OH and KOH. Their results
showed that biodiesel yield reaches high value of 87–91% for tung oil as t ≥ 5 min,
while of about 92–94% for blended oil as t ≥ 1 min. The researchers suggested that
the tung oil should be blended with other oils in order to produce biodiesel satisfying
the biodiesel standards. Table 2 shows the optimum condition required for biodiesel
production from various oils. The properties of biodiesel obtained by this method are
in agreement with the standard biodiesel [26].
Table 2 Biodiesel production using Ultrasonic Technology
Type of oil
Waste
cooking oil
Coconut oil
Canola oil
Coconut oil
Jatropha
oil
Crude
cottonseed
oil

Optimum Condition
Molar ratio of alcohol to oil of 6:1, 1wt.% KOH,
temperature of 45oC, ultrasound power of 200 W,
irradiation time of 40 min
Molar ratio oil to ethanol of 1:6, 0.75wt.% KOH, 7 min
reaction time.
Methanol/oil molar ratio of 5:1, 0.7 wt.% KOH, reaction
time of 50 min, ultrasonic irradiation of 20 kHz with an
input capacity of 1 kW.
Molar ratio oil to ethanol of 1:6, 0.75wt.% KOH of of oil, 7
min reaction time.
Molar ratio oil to methanol of 1:4, catalyst of 5 wt.% of oil,
reaction time 30 min, ultrasonic amplitude 50%
(100 W/m3) and cycle 0.7 s.
Methanol/oil molar ratio of 6.2:1, 1 wt% NaOH, reaction
time of 8 min.
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Xin Deng et al. [33] pretreatment jatropha oil with H2SO4 for 1 h in the first step
and in the second step biodiesel was obtained with 96.4% yield. They reported that
the total production time with ultrasonic method was 1.5 h which is just half of the
conventional method (4h). Hamed et al carriedout batch process assisted biodiesel
production from palm oil by 20 kHz ultrasonic cavitation with the catalyst such as
CaO, SrO and BaO. They reported that the catalytic activity was in the sequence of
CaO < SrO < BaO. The biodiesel produced from this method satisfies the biodiesel
standards [35].
Ali Sabri et al. [36] reported that a biodiesel yield of 91% was achieved in just 40 min
from jatropha oil at a moderate ultrasonic amplitude (∼60%), high molar ratio (25:1)
and low reaction temperature (65oC) using carbon-supported tungstophosphoric acid
catalyst. Pedro et al suggested that the biodiesel can be produced with a considerable
reduction in energy consumption, by a two-step procedure: first a conventional heating
under mechanical stirring, followed by ultrasound irradiation at the same temperature.
6. Combination of Microwave and Ultrasonic Technologies
Vitthal et al. [38] used sequential effect of microwave and ultrasound in a two-step
synthesis method for high acid value nagchampa oil and its comparison with individual
approaches of microwave, ultrasound and conventional approach. They reported that
the reaction time for the esterification and transesterification using ultrasound alone
was 60 min and 20 min respectively and it reduced to only 15 min and 6 min for the
sequential approach. Ming-Chien et al. [40]work shows that the optimal procedure
involved 1-min ultrasonic mixing and 2-min closed microwave irradiation and the

optimal reaction conditions were amount of catalyst used, 1.0 wt%; reaction temperature,
333 K; and methanol/oil molar ratio, 6:1.
Xiulian Yin et al. [39]studied four different methods such as mechanical stirring (MS),
flat plate ultrasonic irradiation (FPUI), flat plate ultrasonic irradiation with mechanical
stirring (UIMS) and probe ultrasonic irradiation (PUI), to select a better one that need
less catalyst, energy consumption and time for preparing biodiesel through transesterification of sunflower oil. Their results showed that under the same condition, UIMS
and PUI used less catalyst, less methanol, shorter time and less energy consumption
than MS and FPUI with the same biodiesel conversion.
7. Pyrolysis
Few researchers found that the biodiesel can be produced by pyrolysis of the oleaginous materials, instead of the traditional processing of oil extraction and transesterification. Takuya Ito et al. used pyrolysis method to produce biodiesel from
waste cooking oil. from their work, they reported that, compared to the biodiesel
obtained by transesterification, the biodiesel obtained by pyrolysis showed improvement
of about − 5oC in the pseudo-cold filter plugging point. Xiaowei Peng et al. [42] pyrolyzed
the dry fermented wheat straw mass in a fixed-bed reactor in order to convert the
microbial oil to biodiesel. They reported that the conversion rates of hexadecanoic
acid methyl ester and 9-octadecenoic acid methyl ester can be increased by pyrolysis
with catalyst permutit. It can be speculated that during pyrolysis, the fatty acid methyl
esters were produced by transesterification of microbial oil with methanol which was
another pyrolysis product of the fermented mass.
8. Conclusion
The biodiesel is produced by transesterification of vegetable oils and the reaction
rate depends on the free fatty acid composition of the oil and heating mode of the
reaction. In recent years, unconventional heating methods such as microwave irradiation
and ultrasonic irradiation were used for the transesterification of vegetable oils. The
ultrasonic irradiation had two effects, those were heating and mixing of the reactants.
From the literature it is observed that these two methods were efficient, energy saving
and economically feasible way to produce biodiesel. Also, the possible combinations
of sonochemical reactors with other techniques of intensification such as use of
microwave and hydrodynamic cavitation can also be used to produce biodiesel. The
biodiesel produced by these unconventional heating methods are similar to biodiesel
produced by conventional heating method and satisfies the biodiesel standards. These
methods will reduce the operating cost and reduces the cost of the biodiesel.
Reference
[1]
[2]
[3]
[4]
[5]

www.eia.doe.gov/iea.
Shahriar S; Erkan Topal (2009). When will fossil fuel reserves be diminished?,
Journal of Energy Policy, 37, 181-189.
Ayhan Demirbas. (2008) Comparison of transesterification methods for production
of biodiesel from vegetable oils and fats, J.Energy Conversion and Management,
49 (1), 125-130.
Meher, L.C, Vidya Sagar, D and Naik, S.N. (2006), Technical aspects of biodiesel
production by transesterification—a review, J.Renewable and Sustainable
Energy Reviews, 10(3), 248-268.
I.M. Atadashi, M.K. Aroua, A.R. Abdul Aziz, N.M.N. Sulaiman (2012), Production
of biodiesel using high free fatty acid feedstocks, Renewable and Sustainable
Energy Reviews, 16(5), 3275-3285.

[6]

[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]

[17]

[18]
[19]
[20]
[21]
[22]

A.E. Atabani, A.S. Silitonga, H.C. Ong, T.M.I. Mahlia, H.H. Masjuki, Irfan
Anjum Badruddin, H. Fayaz (2013), Non-edible vegetable oils: A critical
evaluation of oil extraction, fatty acid compositions, biodiesel production,
characteristics, engine performance and emissions production , Renewable
and Sustainable Energy Reviews, 18, 211-245.
Giulio Santori, Giovanni Di Nicola, Matteo Moglie, Fabio Polonara (2012), A
review analyzing the industrial biodiesel production practice starting from
vegetable oil refining, Applied Energy, 92, 109-132.
A.A. Apostolakou, I.K. Kookos, C. Marazioti, K.C. Angelopoulos (2009),
Techno-economic analysis of a biodiesel production process from vegetable
oils, Fuel Processing Technology, 90 (7–8), 1023-1031.
www.wikipedia.com.
Pranjali D. Muley, Dorin Boldor (2013), Investigation of microwave dielectric
properties of biodiesel components, Bioresource Technology, 127, 165-174.
Li Wu, Huacheng Zhu, Kama Huang (2013), Thermal analysis on the process
of microwave-assisted biodiesel production, Bioresource Technology, 133,
279-284.
Shakinaz A. El Sherbiny, Ahmed A. Refaat, Shakinaz T. El Sheltawy (2010),
Production of biodiesel using the microwave technique, Journal of Advanced
Research, 1(4), 309-314.
Ritesh Kumar, G. Ravi Kumar, N. Chandrashekar (2011), Microwave assisted
alkali-catalyzed transesterification of Pongamia pinnata seed oil for biodiesel
production, Bioresource Technology, 102(11), 6617-6620.
Kang-Shin Chen, Yuan-Chung Lin, Kuo-Hsiang Hsu, Hsin-Kai Wang (2012),
Improving biodiesel yields from waste cooking oil by using sodium methoxide
and a microwave heating system, Energy, 38 (1), 151-156.
Su Zhang, Yuan-Gang Zu, Yu-Jie Fu, Meng Luo, Dong-Yang Zhang, Thomas
Efferth (2010), Rapid microwave-assisted transesterification of yellow horn oil
to biodiesel using a heteropolyacid solid catalyst, Bioresource Technology,
101(3), 931-936.
P. Khemthong, C. Luadthong, W. Nualpaeng, P. Changsuwan, P. Tongprem, N.
Viriya-empikul, K. Faungnawakij (2012), Industrial eggshell wastes as the
heterogeneous catalysts for microwave-assisted biodiesel production ,
Catalysis Today, 190(1), 112-116.
V. Lertsathapornsuk, R. Pairintra, K. Aryusuk, K. Krisnangkura (2008),
Microwave assisted in continuous biodiesel production from waste frying palm
oil and its performance in a 100 kW diesel generator , Fuel Processing
Technology, 89(12), 1330-1336.
Jun Cheng, Tao Yu, Tao Li, Junhu Zhou, Kefa Cen (2013), Using wet microalgae
for direct biodiesel production via microwave irradiation, Bioresource
Technology, In Press, Corrected Proof, Available online 21 January 2013.
Bruno M. Nogueira, Cristine Carretoni, Rogério Cruz, Suely Freitas, Príamo A.
Melo Jr., Rodrigo Costa-Félix, José C. Pinto and Márcio Nele (2010), Journal of
Molecular Catalysis B: Enzymatic, 67(1–2), 117–121.
Honglei Zhang, Jincheng Ding, Zengdian Zhao (2012), Microwave assisted
esterification of acidified oil from waste cooking oil by CERP/PES catalytic
membrane for biodiesel production, Bioresource Technology, 123, 72-77.
W.A. Wali, A.I. Al-Shamma’a, Kadhim H. Hassan, J.D. Cullen (2012), Online
genetic-ANFIS temperature control for advanced microwave biodiesel reactor,
Journal of Process Control, 22(7), 1256-1272.
W.A. Wali, K.H. Hassan, J.D. Cullen, A. Shaw, A.I. Al-Shamma’a (2013), Real
time monitoring and intelligent control for novel advanced microwave biodiesel
reactor, Measurement, 46(1), 823-839.

[23]
[24]
[25]

[26]
[27]
[28]
[29]

[30]
[31]
[32]
[33]
[34]

[35]
[36]

[37]

[38]

Jianbing Ji, Jianli Wang, Yongchao Li, Yunliang Yu, Zhichao Xu (2006), Preparation
of biodiesel with the help of ultrasonic and hydrodynamic cavitation,
Ultrasonics, 44, 411-414.
Seung Bum Lee, Jae Dong Lee, In Kwon Hong (2011), Ultrasonic energy effect
on vegetable oil based biodiesel synthetic process , Journal of Industrial and
Engineering Chemistry, 17(1), 138-143.
Do Van Manh, Yi-Hung Chen, Chia-Chi Chang, Mei-Chin Chang, Ching-Yuan
Chang (2011), Biodiesel production from Tung oil and blended oil via
ultrasonic transesterification process , Journal of the Taiwan Institute of
Chemical Engineers, 42(4), 640-644.
N.N. Ibiari, S.A. Abo El-Enin, N.K. Attia and G. El-Diwani (2010), Ultrasonic
Comparative Assessment for Biodiesel Production from Rapeseed, Journal of
American Science, 6(12), 937-943.
Shishir M. Hingu, Parag R. Gogate, Virendra K. Rathod (2010), Synthesis of
biodiesel from waste cooking oil using sonochemical reactors , Ultrasonics
Sonochemistry, 17(5), 827-832.
Dharmendra Kumar, Gajendra Kumar, Poonam, C.P. Singh (2010), Fast, easy
ethanolysis of coconut oil for biodiesel production assisted by ultrasonication ,
Ultrasonics Sonochemistry, 17(3), 555-559.
Le Tu Thanh, Kenji Okitsu, Yasuhiro Sadanaga, Norimichi Takenaka, Yasuaki
Maeda, Hiroshi Bandow (2010), Ultrasound-assisted production of biodiesel
fuel from vegetable oils in a small scale circulation process, Bioresource
Technology 101, 639–645.
Kumar D, Kumar G, Poonam, Singh CP (2010), Fast, easy ethanolysis of
coconut oil for biodiesel production assisted by ultrasonication, Ultrason
Sonochem, 17(3), 555-559.
Gajendra Kumar, Dharmendra Kumar, , Poonam , Rajeev Johari and C.P. Singh
(2011), Enzymatic transesterification of Jatropha curcas oil assisted by
ultrasonication, Ultrasonics Sonochemistry, 18(5), 923-927.
Xiaohu Fan, Feng Chen, Xi Wang (2010), Ultrasound-assisted synthesis of
biodiesel from crude cottonseed oil using response surface methodology. J
Oleo Sci., 59 (5), 235-241.
Xin Deng, Zhen Fang, Yun-hu Liu (2010), Ultrasonic transesterification of
Jatropha curcas L. oil to biodiesel by a two-step process , Energy Conversion
and Management, 51(12), 2802-2807
Hamed Mootabadi, Babak Salamatinia, Subhash Bhatia, Ahmad Zuhairi
Abdullah (2010), Ultrasonic-assisted biodiesel production process from palm
oil using alkaline earth metal oxides as the heterogeneous catalysts, Fuel,
89(8),1818-1825.
Babak Salamatinia, Ahmad Zuhairi Abdullah, Subhash Bhatia (2012), Quality
evaluation of biodiesel produced through ultrasound-assisted heterogeneous
catalytic system ,Fuel Processing Technology, 97, 1-8.
Ali Sabri Badday, Ahmad Zuhairi Abdullah, Keat-Teong Lee (2013),
Optimization of biodiesel production process from Jatropha oil using supported
heteropolyacid catalyst and assisted by ultrasonic energy, Renewable Energy,
50, 427-432.
Pedro Cintas, Stefano Mantegna, Emanuela Calcio Gaudino, Giancarlo Cravotto
(2010), A new pilot flow reactor for high-intensity ultrasound irradiation.
Application to the synthesis of biodiesel , Ultrasonics Sonochemistry, 17(6),
985-989.
Vitthal L. Gole, Parag R. Gogate (2013), Intensification of synthesis of
biodiesel from non-edible oil using sequential combination of microwave and
ultrasound , Fuel Processing Technology, 106, 62-69.

[39]
[40]
[41]
[42]

Xiulian Yin, Haile Ma, Qinghong You, Zhenbin Wang, Jinke Chang (2012),
Comparison of four different enhancing methods for preparing biodiesel
through transesterification of sunflower oil , Applied Energy, 91(1), 320-325.
Ming-Chien Hsiao, Chin-Chiuan Lin, Yung-Hung Chang, Lung-Chuan Chen
(2010), Ultrasonic mixing and closed microwave irradiation-assisted
transesterification of soybean oil, Fuel, 89(12), 3618-3622.
Takuya Ito, Yusuke Sakurai, Yusuke Kakuta, Motoyuki Sugano, Katsumi
Hirano (2012), Biodiesel production from waste animal fats using pyrolysis
method, Fuel Processing Technology, 94(1), 47-52.
Xiaowei Peng, Hongzhang Chen (2010), Pyrolysis of fermented mass
containing microbial oil in a fixed-bed reactor for production of biodiesel ,
Journal of Analytical and Applied Pyrolysis, 88(1), 1-6.

