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Abstract

Energy demand in Indonesia is increasing, but the availability of fossil energy 1s running low. Therefore the effort to
get renewable energy is increasingly encouraged. The most widely alternative energy used in Indonesia is biodiesel.
W, cooking oil is very potential to be utilized as raw material of biodiesel. Currently there are 3.75 million liters
of waste cooking oil per year. Waste cooking o1l w ischarged into the body of water will form a laver so that
oxygen is blocked into the water. Utilization of waste cooking oil into biodiesel Bl reduce the burden of
environmental pollution by waste cooking oil. This paper proposes optimum conditions of biodiesel production from
waste cooking oil using clinuous stirred tank reactor with base catalyst. The research vanables are reaction
temperature, the e ratio of waste cooking o1l and methanol. and the amount of catalyst. This paper also evaluates
the heating value of biodiesel produced from waste cooking oil.
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1. Introduction

Biodieﬂ is one of the most promising renewable energies [1.2] and is produced from various
vegetable oils such as palm oil, coconut oil, jatropha oil, kapok seed oil, animal fats and waste cooking
0il[3-6]. Vegetable oils that are prospective for biodiesel feedstock are palm oil and its derivatives. But
palm o1l has some disadvantages between being easily oxidized and being damaged because palm o1l
contains lots of fatty acids. The use of palm oil will disrupt the availability of palm oil as a)king oil so
as to interfere with food security [7]. In addition, biodiesel production fmmegetable oil is higher than
fossil oil due to high raw material cost. One alternative to get biodiesel at low cost is to use the raw
material of waste cooking oil [8]. Ruhyat arﬂ-’irdaus [9] evaluated the feasibility of some biodicsnaw
materials and stated that the most suitable valablc oils are used as biodiesel raw materials is waste
cook il. The processing of biodiesel from waste cooking oil is an effective way to reduce the selling
pri&PBf biodiesel due to the low cost of raw materials [10].

Palm oil is one of the most widely produced oil in the world and Indonesia is the largest producer of
palm oil in the world. Data from the Ministry of Agriculture stated that Indonesia's palm oil production in
2016 is 32 million tons, 27 tons are exported and 5 million is used for Gmcstic consumption. If there is a
25% shrinkage during frying, there will be 3.75 million tons of waste of waste cooking oil. Utilization of
waste cooking oil into biodiesel is one effort to overcome the waste cooking oil as well as become one of
renewable alternative energy sources,

The transesterification process can be done in batch or continuous. Transesterification reactions can be
done using three kinds of catalyzed so this reaction can be divided as acid catalyzed reactions [11],
alkaline catalyzed reactions [12]. or enzyme catalyzed reactions [13]. Processes that use enzymes as
catalysts require a much longer reaction time than other processes. Therefore, this process is rarely
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studied and usfE) In this study continuous transesterification reaction of waste cooking oil with variations
in comparison of waste cooking oil and methanol with KOH catalyst.

2. Methodology

The materials used were waste cooking oil from household waste with a mass density of 0.99 g/ml,
methanol with a mass density of 0.792 g/ml and free fatty acid of 1.43, and kalium hydroxide (KOH)
from Merck.

Waste cooking oil, which was heated at 60 °C, and methoxide solution was continuously streamed
into continuously stirred tank reactor with a ratio of waste cooking oil and methanol of 1: 4, 1: 6, 1: 8 and
1:10. The residence time was 1.5 hours. The product of the transesterification reaction was flowed
continuously to the container. After the process is complete, the solution was to stay ovemnight.
Furthermore, the separation of biodiesel and glycerol results was done. Then the quality of biodiesel
were analysis refer to ASTM methods.

3. Result and Discussion

Waste cooking oil is very potential to utilized as raw material for producing biodiesel because it
contains enough fatty acids. Tmovc the presence of fatty acids in biodiesel made from waste cooking
oil, sample was analyzed by gas chromatography mass spectrometry (GCMS). The result of GCMS
analysis of biodiesel 1s:
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Fig. 1. The GCMS analysis of biodiesel from waste cooking o1l at temperature of 60 ¢, mole ratio of oil/methanol of
1:6 and the amount of KOH catalyst of 1.5 % b/b of waste cooking oil.

Fig. 1 shows that the biodiesel consists of several kinds of compounds, as evidenced by the presence of
several peak areas in the reading. The compounds are within the range of retention time of 34 minutes to
47 minutes.

The type of fatty acid formed in the biodiesel production reaction depends on the type of vegetable oil
used as the raw material and the treatment penﬂ'med, Taufiqurrahmi et al [14] stated that biodiesel from
cooking oil consists of palmitic acid, stearate acid. oleic acid, linoleic acid, linolenic acid, palmitic acid,
lauric acid and other acidic species. In this study, biodiesel, which was produced contain several fatty
acids. shown in Table 1.

Table 1. Tvpes of fatty acids in biodiesel from waste cooking oil

Compound Mass weight, g/gmol % b/b
9-Hexadecenoie acid 268 1.29
Pentadecanoic acid 270 35,10
9.12-Oc¢tadecadienoic acid 294 14.38
11-Octadecenoie acid 296 0.06
Octadecanoic acid 298 48,71
Eicosanoic acid 326 046

Total 1000
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Table 1 shows fatty acids formed from transesterification reactions are fatty acids with a carbon
number ranging from 17 to 19. The type of fatty acids present in large quantity is octadecanoic acid. From
table 1 we can ca]culnolccular weight of biodiesel, which 1s equal to 287.34 g/gmol.

This research has studied the effect of reaction temperature, mole ratio of waste cooking oil/methanol
and the amount of catalyst. The previous paper [15] determined that biodiesel, which on specification of
Indonesian biodiesel quality standards “iodicscl produced at mole ratio of oil/methanol of 1/6. I&
paper discusses the optimum condition of biodiesel production uses waste cooking oil, especially the
reaction temperature and the amount of KOH catalyst. The yields of biodiesel in different temperature are
listed in Table 2.

Table 2. Yield of biodiesel (mole ratio of o1il/methanol of 1/10, KOH of 1% b/b)

Reaction temperature, °C yield of biodiesel, %o v/v
35 434
60 64.8
65 612

Table 2 explains that the maximum yield of biodiesel was obtained at reaction temperature of 60 °C. At
temperature of 65 °C.the yield of biodiesel decrease. Probably on this condition a part of the methanol
vapored because the boiling point of methanol is 64,7 °C.

Trans-esterification commonly use acid catalyst (HCI, H,80,) or base catalyst (NaOCH;, KOH,
NaOH). The most commonly used base catalyst is NaOH or KOH of 0.5 to 1.0% by weight of o1l [16].
The KOH is more reactive than NaOH, so the conversion obtained with a KOH catalyst 1s higher than that
of NaOH. Because of this reason, this research used KOH as a catalyst. ' amount of catalyst
(percentage of the weight of waste cooking oil) was varied. The yield of biodiesel can be read in Table 3.

Table 3. Yield of biodiesel (at molefBER of oil/methanol of 1/10, temperature of 600C)

Amount of catalyst, % Yield of biodiesel. %o
1.0 68.90
1.5 63.54
20 86.44
25 61.07
30 61.94

Table 3 described that the optimum amount of KOH catalyst i1s 2.0% b/b of waste cooking oil. At
above percentage. the using of catalyst cause side reaction, probably the saponification was conducted.
The side reaction cause the yield of biodiesel decrease.

To know the potential usage of this research, this paper also evaluate heating value of biodiesel from
waste cooking oil (sce Table 4).

Table 4. Heating value of biodiesel

Ratio of oil/methanol Heating value, Cal'kg
1:4 9580.568
1:6 9679308
1:8 9842.613

1:10 9527875
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The heating value of fuel oil, include diesel, is in the range from 18,300 to 19,800 Bw/lb [17].
National standard of Indonesia gives the rule that the minimum heating value of biodiesel 1s 8,843.22 Cal
kg [lS].lc average heating value of biodiesel produced is 9A65T,59lnal.*’kg_ This proves that the
biodiesel from waste cooking oil can replace the function of diesel as fuel. Biodiesel from waste cooking
oil can be used as alternative energy. The data presented in this paper can be used as biodiesel plant
design data from waste cooking oil. Furthermore, glycerol as by-product biodiesel is also utilized into
products that have more value-added such as triacetin [18, 19] and 1,3-dinitroglycerin [20,21]. This will
increase the economic value of the biodiesel plant from used cooking oil.

4. Conclusion

Biodiesel produced 100% contains fatty acids and consists of various fatty acids. Optimum conditis
of production biodiesel from waste cooking oil are mole ratio of waste cooking oil/methanol of 1/6, the
reaction tempaure of 65°C and the amount of KOH catalyst of 2% b/b of waste cooking oil. The
riﬁc value of biodiesel from waste cooking oil 1s 9,657.591 Cal/kg. The value obtained 1s in the range
of fuel oil values.

Acknowledgements

The authors would like to thank The Ministry of Research Technology and Higher Education of the
Republic of Indonesia who has funded this research with The Excellent Applied Research of University
Scheme under the PTUPT-115/SKPP/III/2018 contract number and Laboratory of Unit Operation,

Chemical Engineering Department, Universitas Ahmad Dahlan for providing equipment for this research.

References

[1]  Atadashi IM, Sulaiman NMN. The effect of catalysts in biodiesel production: A review. Journal of Industrial and
Engineering Chemistry, 2013; 19: 14-26.

[2] Leung DYC, Leung MKH. A review on biodiesel production using catalyzed transestenfication. Applied Energy, 2010;
87(4):1083-1095.

[3] Demirbas A. Progress and recent trends in biodiesel fuels. Energy Conversion and Managemeni, 2009; 50(1): 14-34.

[4] Kawentar WA, Budiman. A synthesis of biodiesel from second used cooking oil. Energy Procedia, 2013; 32:190-199.

[5] Heikal EK, Khalil SA, Abdou IK. Biodiesel from jatropha oil. Renewable energy in the Service of Mankind, 2015:
1:39-46.

[6] Oliveira JF, Parente Jr. EJS. Biodiesel production from waste coconut oil by esterification with ethanol: The effect of
water removal by adsorption. Renewable energy, 2010; 35(11).2581-2584.

[7]  Wijava K. (Desember 2011). Biodiesel dan Minvak Goreng Bekas. [Online]. Available;  Information on
http://pse.ngm.ac.id/?p=338

[8] Gnanaprakasam A, Sivakumar VM, Surendhar A, Thimmarimumgan M. Kannadasan T. Recent strategy of biodiesel
production from waste cooking oil and process influencing parameters: a review. Jowrnal of Energy. 2013; 213: 1-10.

[9]  Ruhyat N, Firdaus A. Analisis Pemilihan Bahan Baku Biodiesel di DKI Jakarta. Thesis, Universitas Mercu Buana, Jakarta:
2006.

[10] Zhang Y, Du MA, McLean DD, Kates M. Biodiesel production from waste cooking oil: 1. Process design and
technological assessment. Journal of Bioresowrce Technology, 2003; 89(1):1-16.

[11] Tran HL. Ryu Y, Seong DH, Lim SM, Lee CG. An effective acid catalyst for biodiesel production from impure raw
feedstocks. Biotechnology and Bioprocess Engineering, 2013; 18 (2): 242-247.

[12] Ehsan Md, Chowdury MdTH. Production of biodiesel using alkaline based catalysts from waste cooking oil: A case study.
Procedia Engineering, 2015; 105:638-645.

[13] Guldhe A. Bux I. Advances in synthesis of biodiesel via enzyme catalysis: novel and sustainable approaches. Renewable and
Sustainable Energy Reviews. 2015: 41:1447-1464.

[14] Taufiqurrahmi N, Mohamed AR. Bhatia 8. Production of biofuel from waste cooking palm oil using nanocrysiallin
zeolite as catalyst: process optimization studies. Bioresonrce Technology, 2011; 102(22); 10686-10694,

[15] Astuti E, Mufrodi 7. Pembuatan biodiesel Dari Minvak Goreng Bekas Proses Kontinvu: Uji Kualitas. In: Proe, of National




[16]

[17]

(18]

[19]

[20]

[21]

Erna Astuti, Zahrul Mufrodi: Optimum conditions of biodiesel production from cooking waste oil using... 205

Conference of Chemical Industry and Natural Resources, Mataram; 2017,

Swern D. Bailey s Industrial Oil and Fat Product, 2,4 ed.. pp 130-133, John Wiley and Sons, New York, 1982

Siswani ES, Kristianingrum S, Suwardi. Sintesis dan Karakterisasi Biodiesel dari Minyak Jelantah pada Berbagai Waktwu
dan Suhu. Prosiding Seminar Nasional Penelitian, Pendidikan dan Penerapan MIPA (Proceeding of National Conference of
Science Education and Application). Universitas Negen Yogyakarta (2012).

Mufrodi 7, Rochmadi, Sutijjan, Budiman. Synthesis acetvlation of glycerol using batch reactor and continuous reactive
distillation column. Engineering Journal, 2014: 18(2):29-39.

Cahyono RB, Mufrodi 7, Hidayat A, Budiman A. Acetylation of glyeerol for triacetin production using zr-natural zeolite
catalyst. ARPN Journal of Engineering and Applied Sciences: 11(8):5194-5197.

Aswti E, Supranto, Rochmadi, Prasetya A. Kinetic modeling of nitration of glycerol: three controlling reactions model.
Engineering Jownal, 2014; 18( 3):73-82.

Aswt E, Supranto. Rochmadi, Prasetva A. Optimum operating conditions of glycerol nitration to produce 1. 3-
dinitroglyeerin. ARPN Journal of Engineering and Applied Sciences, 2016, 11(8):3203 — 5208,




20190215033032687 ICSGE.pdf

ORIGINALITY REPORT

17

SIMILARITY INDEX

PRIMARY SOURCES

B B

B B B

F Um Min Allah, G Alexandru. "Waste cooking oilas 4g 1« DY
source for renewable fuel in Romania", IOP
Conference Series: Materials Science and Engineering, 2016

Crossref

" : . . s " . . 0
Increased Biodiesel Efficiency”, Springer Science . /0
and Business Media LLC, 2018 32 words 2

Crossref

Amin Talebian-Kiakalaieh, Nor Aishah Saidina Amin, 1%
: - . 20 words —

Hossein Mazaheri. "A review on novel processes of

biodiesel production from waste cooking oil", Applied Energy,

2013

Crossref

Puspa Asri, Nyoman, and Diah Agustina Puspita 17 words — 1 %
Sari. "Pre-Treatment of Waste Frying Oils for
Biodiesel Production", Modern Applied Science, 2015.

Crossref

(0]
Egrln.ergandle.net 16 words — 1 A)
: (0]
waw.mdpi.com 16 words — 170
cmijournal.biomedcentral.com o
InterrJ1et 13 words — 1 /O
- (0]
M. A. Mohd. Ali, R. M. Yunus, C. K. Cheng, J. 13 words — 1 0

Gimbun. "Successive optimisation of waste cooking
oil transesterification in a continuous microwave assisted
reactor", RSC Advances, 2015

Crossref

Chao-Chin Lai. "Lipase-catalyzed production of biodiesel from



RN RN RN RN RN
EEN w N — o

-
&)

-
(o)}

- RN
O oo

rice bran oil", Journal of Chemical Technology & 10 words — 1

CBr(i)csastreefchnology, 03/2005 %
mafiadoc.com 9 words — 1 7o
Iil|:t.elrint;hiroshima-u.ac.jp 9 words — 1 %
Irnttaeﬁ](e)tsitory.um.edu.my 9 words — 1 0/0
www.formatex.info 9 words — 1 0/0

Internet

Fatemeh Goudarzi, Ali Izadbakhsh. "Evaluation of 9 words — ] OA)
K/SnO2 performance as a solid catalyst in the trans-

esterification of a mixed plant oil", Reaction Kinetics,

Mechanisms and Catalysis, 2017

Crossref

: : 0o
K.N. Krlﬁhna.mt_thh.y, S.N. Sridhara, C.S. Ananda g, 4o < 1 /0
Kumar. "Optimization and kinetic study of biodiesel

production from Hydnocarpus wightiana oil and dairy waste

scum using snail shell CaO nano catalyst", Renewable Energy,
2020

Crossref

. 40
www.tandfonline.com 8 words — < /0

Internet

Mustafa Al-Sabawi, Jinwen Chen, Siauw Ng. "Fluid < %
. : . . . 8 words —

Catalytic Cracking of Biomass-Derived Oils and

Their Blends with Petroleum Feedstocks: A Review", Energy &

Fuels, 2012

Crossref

www.degruyter.com 8 words — < 1 OA)

Internet

. ” o)
media.neliti.com 8 words — < 1 /0

Internet



Nik N.A.N. Yusuf, Siti K. Kamarudin, Zahira < 0
Yaakob. "Overview on the production of biodiesel 8 words 1 /0
from Jatropha curcas L. by using heterogenous

catalysts", Biofuels, Bioproducts and Biorefining, 2012

Crossref

: : o
Hayato Tokumoto, Hiroshi Bandow, Kensuke 8 words — < 1 o
Kurahashi, Takahiko Wakamatsu. "Chapter 5

Utilization of Crude Glycerin from Biodiesel Production: A Field

Test of a Crude Glycerin Recycling Process", InTech, 2012

Crossref

N N . o
Sanjib Kumar P_(ar"mee, Darwin Linardi, Jisoo Lee, -, 4o < 1 A)
Carol Sze Ki Lin. "Conversion of lipid from food
waste to biodiesel", Waste Management, 2015

Crossref

Zhicheng Zhao, Yuan Xue, Guangwen Xu, Daming < 1 0/0
Chen, Jiawei Zhou, Ping Liu, Sheng Han, Hualin words —

Lin. "Reaction conditions of ultrasound-assisted

production of biodiesel: A review", International Journal of

Energy Research, 2017

Crossref

, , , 0
?hhaya Rekhate_, Abhinesh Kumar Prajapa_tl. 6 words — < 1 /0
Production, engine performance, combustion,
emission characteristics and economic feasibility of biodiesel
from waste cooking oil: A review", Environmental Quality
Management, 2019

Crossref

: : ) ) 0o
Shashan.ant Bhatia, Hwang-Soo Joo, Yung-Hun 6 words — < 1 A)
Yang. "Biowaste-to-bioenergy using biological

methods — A mini-review", Energy Conversion and

Management, 2018

Crossref

Dalibor Petkovic. "Unified Modeling Language for o\ . < 1 %
Cooking Oil Management", Elsevier BV, 2018

Crossref

OFF OFF



EXCLUDE
BIBLIOGRAPHY

ON



	20190215033032687 ICSGE.pdf
	By Erna Astuti

	20190215033032687 ICSGE.pdf
	ORIGINALITY REPORT
	PRIMARY SOURCES




