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Abstract >> Biodiesel is renewable, eco-friendly, clean burning diesel replace-
ment that is consisted of short chain alkyl ester. Biodiesel is derived from the
transesterification of vegetables oils or animal fats with alcohol. The process has
some technical problems that must be resolved to reduce the high operation
cost. Eco-friendly physical technologies by using microwave have successfully
improved the transesterification for biodiesel production. This paper attempts to
extensively review microwave-assisted technology for biodiesel production.
Additionally, different types of catalyst for biodiesel production have been
summarized. It is concluded that the microwave-assisted technique improves
the reaction rate significantly in comparison with conventional methods.
Therefore it can be a suitable method of reducing the reaction time and can also
decreases the cost of biodiesel production.
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Fig. 1. World energy consumption (2017, EIA)
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Fig. 2. World energy consumption by energy source (2017,
stratas advisors)
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Fig. 3. Number of documents published for biodiesel pro-
duction
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Table 1. Feedstocks for biodiesel production

Edible oils | Non-edible oils |Animal fats | Other resources
Soybeans Almond Lard Bacteria
Rapeseed | Abutilon uticum | Tallow Algae
Canola Andiroba Poultry fat Fungi
Safflower Babassu Fish oil Micro algae
Barely Brassica carinata Tarpenes
Coconut B. napus Latexes
Copra Camelina Cooking oil
Cotton seed Cumaru

Groundnut Cynara

Oat cardunculus

Rice Jatropha Curcus

Sorghum Jatropha nana

Wheat Jojoba oil

Palm Pongamia glabra
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Table 2. Worldwide biodiesel targetsa)

Y58 - HER - UM - YHT 587

Country Biodiesel targets
EU Using 2% in 2005 and increasing in stages to a minimum of 5.75% by the end of 2010 and 20% by 2020
Japan 5% blend for biodiesel by 2010
Malaysia Processed palm oil blend of 5%
Philippines Coconut blend of 2% by 2009
Thailand 5% mix in 2007, 10% by 2011 and production of 8.5 million L per day by 2012
Brazil Maximum blending of 3% biodiesel in to diesel by July 2008 and 5% by end of 2010
Canada 2% renewable content in diesel fuel by 2012
India Meet 20% of the diesel demand beginning in 2011-2012
Taiwan Direct subsidies or other tax exemptions for biodiesel
China Tax exemption for biodiesel produced from animal fats and vegetable oils
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Table 3. Biodiesel specification parameter limits for B100

Properties KS EN14214

Ester content, wt%, min 96.5 96.5
Sulfur, ppm, max 10 10
Density @ 15°C, kg/m’ 860-900 860-900
Viscosity @ 40°C, cSt 1.9-5.0 3.5-5.0
Flash Point, °C, min 120 101
Carbon residue 10%, wt%, max 0.1 0.3
Water, wt%, max 0.05 0.05
Ash, wt%, max 0.01 -
Total contamination, ppm, max 24 24
Copper corrosion, 3hr @ 100°C, max 1 1
Acid value, mg KOH/g, max 0.50 0.5
Methanol, wt%, max 0.2 0.2
Monoglycerides, wt%, max 0.80 0.7
Diglycerides, wt%, max 0.20 0.2
Triglycerides, wt%, max 0.20 0.2
Free Glycerol, wt%, max 0.02 0.02
Total glycerol, wt%, max 0.24 0.25
Phosphorus, ppm, max 10 4
Sediment, wt%, max 24 -
Alkali, Group I(Na, K), ppm, max 5 5.0
Metals, Group II(Ca, Mg), ppm, max 5 5.0
Cold Filter Plugging Point, °C, max 0 (w) -
Oxidation stability @ 110°C, h, min 6 8.0
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Table 4. Various catalysts for biodiesel production

CH,-OOC-R! RI-COO-CH; CH,-OH
) catalyst |
CH,-00C-R* + 3CH;OH <—— R!-COO-CH; + CH-OH
|
CH,-00C-R? R1-COO-CH; CH,-OH
Triglyceride Methanol Methyl esters Glycerol

Fig. 5. General equation for transesterification of triglyceride
in the presence of methanol
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Table 5. Resume of recent studies of microwave-assisted transesterification process with NaOH catalyst for biodiesel production

Oil Catalyst Temperature (°C) | Reaction time (min.) | Methanol to oil ratio| Yield (%) | Reference

Coconut oil 1%NaOH 1 9:1 100 50
Rice oil 1%NaOH 1 9:1 94 50
Used palm oil 1%NaOH 1 9:1 83 50
Waste frying palm oil 3%NaOH 60 0.5 12:1 97 69
Jatropha oil 4%NaOH 55 - 30:1 86.3 51
Jatropha oil 1%NaOH 65 7 12:1 89.7 72
Waste frying palm oil 1%NaOH 65 7 12:1 88.6 72
Safflower oil 1%NaOH 60 6 10:1 98.4 35
Pongamia pinnata 0.5%NaOH 60 5 6:1 97.5 57
= ot wrabA, who] A 2wk Whg-A| 7k} Hl

ojFt oaHE e vhE TS dHhl  oleyde At &S TV 7MY F2
7hd RS glstal doy A= whg7] WA wRolt
5, AL, JAR] o vbgE2 HAEEth uet Lertsathapornsuk 5" 9| 4]--f-of ufo] = 2u}
A, dRbAQl 7hE RS B2 GofuAIZE e B AR EA Holey A I W9 At
shal wyk-g-AlZko] dojzick GEAE o kAl HAskih ofehZ 3t 29

e YHoRe YA} 2305 o8 vep HESAREe] 7MY S 8%t aa%on ofE
o] glom 297 Whe LAgo] Sulsh 4F 3 oo] u]E Blo)A 181, WA 100]4
Zul2 ALFT 2UAS o8 ABAH S40] 1002744 AT 1.0% NaOH Zu) s}ojA
A vl ot me ARSI HPHE W AF7F 919 oheyt 2.Ue) M 1027t WEa B
A gk, o 71 F& AES Yeryglth

Hlo] S Tj AL g7 X312 9l Hiol e ARE A Saifuddin¥} Chua®’t= wlo]A2u}E o] §5}od
oA wropEof Aol glov Rl @458 A HAEfrolA Bleletds Hsks WHe &
2 a7t vy Av§ Y8E ARESto] A & okEITE AF2olA 2 Hiv] 0.5%, 1.0% NaOH
ol meAde wolal 34 A SRt Rl & SR ARSIl 619 ofEE i 2 Ao Bl
A 8 A2 maeAQl voledd 3 AA Al 3, 15, 30, 45, 60, 752 5¢F BESSk 750 W
g dart St 2 upolARuHE ARSI AREAH Q] Hio] et

5.2 Of0|22TIE 0|83 W

npo] A2t shAo] 001014 1 me] TS
AR Aoz 2Absh Wiolch thRsel stet
2 o] o g5t nho] Az b 245 GHzol A
AFGEIE 1225 em shAo] St

npo]aEut BteIgS &
2 R A UAS Agstel Ut
g vla) o TEHol7| uhRo] v

» SRAAUNOLIX/3E] =27

=

A FHA mlmstech vhoAzntE AgRoR
A WG AIgro] SEE ST AR 0] F7H
EQL, AT oA o] AR u-E ARE-SHY] E2
2 o 47 shsich
Lertsathapornsuk -5 1}
FAEER Aitsh= A5 33 skqlnh of7]olA=
800 W] ol a2 u}E AR5} 1.0% NaOH<}
In T} oolo] HE 91 she] 3027 WA
Bl M £ AgES YeErlgleh 3023t

ZAPBLRS ol TIFE 100%, B 83%¢]

_OIL
r 32
=

50)

Il
i)

e =

H28d HMb5E 20174 10



rih

- YHE - spET 591

UES - Y

Table 6. Resume of recent studies of microwave-assisted transesterification process with KOH catalyst for biodiesel production

Oil Catalyst Temperature (°C) | Reaction time (min.) | Methanol to oil ratio| Yield (%) |Reference
Kenaf seed oil 0.55%KOH 57.5 6.5 4.5:1 94 73
Pongmia pinnata oil 1%KOH 5 10:1 90 74
Jatropha oil 1.5%KOH 65 60 7.5:1 99.8 56
Crude palm oil 1.5%KOH - 8.5:1 85 75
Soybean oil 1%KOH 70 2 12:1 91 55
Waste cooking oil 2%KOH 128 4:1 81 76

AgheS Yyl

Yaakob 52 v Eh-&3} NaOHS] 7| 3ol A
AE k7oL TGS Ho|ARTRE oAHE
g WSS FPsieict o] AtofA Fuf, vES
25, Agtol weEh At AERIGRE
89.7%, T 88.63% Xd?zh%—% Hoom 1% &
Hlfn 65CofA 78
&2 WAk

EE]iEﬂol(trlolem S vpo|eUuAR A Z3}=
w27 38 HHo] Leadbeater} Laureno] <]3)
HIE QY. 5% KOH E= NaOHE A3} o
e ) UL 6:1 B]EE dFo] 25 W] 323 K
S oA A1 = 8] vlo] T O8%)0]
Aol 2.

Azcan¥} Danisman™= wlo] I 2utE 0] -8-5}0]
HEh-E 7 KOHO] A shof| A HA-F-9f o 25 =
0T WSS AW Zol, WAt D v
2=t ZE Fa% vk 215 who|a=u}
o]t vkgol A AAISHAT &Lt HhE
=91 333 K&} 1.5%2] SfjollA] Hio] et o
ghgo] 92 7u7kA Polgom sl sl
ol §EgAIZFo] 3030]9) T ol RS of

54
FomA 7HoE gad £ Aoh.

tu ofo

oo 1> X rfo

Vol. 28, No. 5, October 2017

b

npo]| A2} RAME o83t thF{-o] A& o~
g2 33k 9L Encinar 5ol AFE . o
Aol Al 2&(50-110C), Hghe of e yo] Eu
(3:1, 6:1, 9:1, 12:1) ¥ KOH &1 %%(0.5, 1.0,
1.5%)oll thsl Astict 12:19] mghe of 2
HE, 1.0% &1 5%, 70C2o] ¥k8 2 200 W
nfo] A= ufol| A 25 F<t §FE-5ke] 99% o] /4te]
ke Yerf 2l
El Sherbiny 592 7|2 w3} vlo|aguts
AHgSte] A ERubRREE Hlol et S Alx
H s Aeh 7] 714G WaloflA fe XA
A& P ELEJ% 7)ol A-g-5k3Art 60
Co] kg 204 7519 HEte of @
¥} 15%4 KOHE A8-3}9] 99.8%2] | %]
&0 dojgrh ¥ FUgh vk 279
ot molA RS ARE-SEO] 97.4%9] A
2k 71E 7HE WAlol A RESAIEE
150F0]8laL npo|aguo| A= 53 22 o= o
SEAE EZE, o] WS AERIFF 2
FFA 35fo] =2 d8E AMEE 4= 3ol &

=9t

of
—_

10 @ oo 2 o

I

f > 1o me ot &

o
[

Pongamia pinnata 5 o|AHE w3 v
W Eh&- 7} NaOH 2 KOHO| & 7HA] $-3 9] ozt
lj’] UHE /\]-—9-01—0:1 Bﬂo]—oﬂr/]— }— EH ‘9_%']_

o] HE 6:12 3}aL 60 C ol Al A7ttt ¥hg-A]
7K3, 5, 7, 108) 9 1l 55(0.5%, 1%, 1.5%)<]
JFFS erobH kTt 0.5% NaOH 2 1% KOH®| 3+
oA HA9 =vjEHS et 60°C°ﬂ/\‘]
1.0% KOHZ 102 5<k, 0.5% NaOHZ 55 Z¢ot
212} Hh-3-510] 97.5%$} 96.0%2] Hiol ot &

Transactions of the Korean Hydrogen and New Energy Society <<



592 O[0|F2ME 0|3 0|0 E Mt 7|&s S8 24
I

Table 7. Resume of recent studies of microwave-assisted transesterification process with solid catalyst for biodiesel production

Oil Catalyst Temperature (°C) |Reaction time (min.)|Methanol to oil ratio| Yield (%) | Reference
Rape seed oil KSF montmorillonite 170 480 9:1 74.1 59
Corn oil 20%Diphenylammonium salt 150 20 2.5:1 100 62
Soybean oil 20%Diphenylammonium salt 150 20 2.5:1 100 62
Castor oil 5%H,S04/C 60 60 12:1 94 60
Soybean oil 24%K,S105/C 65 150 30:1 96.5 61
Soybean oil 24%K,S10,/C 65 90 30:1 96.7 61
Soybean oil 3%Ca0 60 60 7:1 96.6 77
sunflower oil 5%Sulfated zirconia 60 20 20:1 90 78
waste cooking oil SrO 60 0.1 6:1 99.8 79
Castor oil 10%AL03/H,SO4 60 300 6:1 95 80
Castor oil 10%Si0./KOH 60 60 6:1 95 80
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Table 8. Resume of recent studies of microwave-assisted two-step transesterification process for biodiesel production

Oil Catalyst Temperature (°C) | Reaction time (min.) | Methanol to oil ratio| Yield (%) | Reference
Crude palm oil ;‘OSA‘]’ZIZ(S(())I?I 650 2::11 80 58
Karanja oil lsﬂs/f,glfgﬁ 5 50:1 90 81
Jatropha oil l'f;f’llgéslg“ 8:1 99.3 70
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Table 9. Resume of recent studies of microwave-assisted transesterification process for biodiesel production from microalgal

- . . |Methanol t .

Oil Catalyst | Temp.("C)|Reaction time (min.) zil ?:t(i)o ®| Co-solvent| Yield (%) | Reference
Nannochloropsis Dry 30%SrO 50 5 - 37.1 67
N. Salina Dry 3%KOH 190 10 15:1 chloroform 26.3 82
C. pyrenoidosa Dry 0.24%H,SO04 90 30 6:1 hexane 41.67 83
Nannochloropsis salina |Wet (76%)| 0.025%H,SO4 100 60 10:1 - 99.8 84
Nannochloropsis Wet (65%)| 0.15%H,S0, 95 60 51 CHCl; 84.7 84
oceanica
Nannochloropsis sp. Wet NaOH 90 20 6:1 - - 85
Nannochloropsis sp. Wet HCI 90 20 6:1 - - 85
Nannochloropsis sp. Wet H,SO4 90 20 6:1 - - 85
Chlorella pyrenoidosa |Wet (80%)| 20%H>SO4 60 30 4:1 CHCl; 10.5 86

Microwave Ao A vlo]e Aol AFHE-LE 99.36%% T}
Oven Temperature sensor

Product
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Reservoir
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Fig. 6. Schematic diagram of the modified continuous micro-
wave reactor
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Fig. 7. Energy payback of microwave-assisted biodiesel pro-
duction system
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