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ABSTRACT

Biodiesel is one of alternative energy sources that are environmentally friendly and updatable. In this
study, the materials used to make biodiesel were CJO (Crude Jatropha Qil) or castor oil whose contents were
Free Fatty Acid (7,72%), Acid Value (15,44 mg KOH/g), and Gum (39,98 ppm).

In the process of biodiesel production, especially in esterification, the use of chemical such as (50%)
methanol (CH3OH) and (3%) Sulfuric Acid (H2SO4) tend to be excessive and the reacting time also tend to be
longer (3 hours) to avoid failure in the process of esterification reaction.

This research could save the use of chemicals such as methanol (19%) and sulfuric acid (0,5%) in one
year, the cost could be saved about Rp 122.885.684 where the reduction percentage of the cost for catalyst
esterification was about 63% of the previous one and the time of esterification reaction could be shortened to (1
hour) at a ratio of better quality, while comparing the quality of emissions produced in the form of CO values
(Carbone Monoxide) and NO2 (Nitrogen Dioxide) with diesel and B20 (80% fuel 20% biodiesel) as a material for
testing on the engine generator by using Komatsu 160-7 EGS (140 Kva).
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PRELIMINARY

The fuels commonly used for all this time
still depend on fossil fuels which are gradually
diminished and finally exhausted. Biodiesel is one
of the alternatives for fuel. Biodiesel fuel is one kind
of fuel which consists of mono-alkyl ester mixture
from the long chain of fatty acid, so biodiesel fuel is
made of renewable fuel such as animal fat or plants.

Biodiesel fuel may be called as one of the
right solutions for alternative energy to substitute
fossil fuels, in which fossil fuel is the main energy
source for worldwide transportation.

Biodiesel is biodegradable; there is only a
tiny or even almost no sulfur inside, even though the
production process is not environmentally friendly.
The alternative of this fuel consists of ethyl ester or
so-called methyl; it results on trans esterification
both from triglyceride (TG) or esterification of free
fatty acid (FFA). The biodiesel fuel is more
attractive because of its benefit to the environment.
Nowadays, most of biodiesels are made of safe and
consumable resource trans esterification, such as
animal fat, vegetable oil, and even cooking oil
waste, with reaction process. Albeit, biodiesel is
currently more expensive than fuels derived from
fossil or crude oil because of high consumption of
catalyst and suds formation, and also the low harvest
production as biodiesel basic ingredients.

Biodiesel

Biodiesel is made of mono alkyl ester
which is fatty acid ester comes from vegetable oil.
Fuel from vegetable oil (biodiesel) is known as

environmentally friendly, non-harmful for air, easily
biodegradable and renewable ingredients derived
product. Biodiesel can also be derived from trans
esterification reaction of triglyceride or free fatty
acid esterification reaction which depends on the
quality of vegetable oil as the ingredient. Trans
esterification is a process that reacts the triglyceride
inside the vegetable oil or animal fat with short chain
alcohol such as methanol or ethanol (methanol is
mostly used in biodiesel production for now) so that
it produces fatty acids methyl esters (FAME) and
glycerol (glycerin) as additional product. Catalyst
used in trans esterification process is base/alkali,
usually potassium hydroxide (KOH) or sodium
hydroxide (NaOH).
According to content materials of FFA for vegetable
oil, biodiesel processing commercially can be
distinguished into 2 processes:
1. Esterification by using acid catalyst for
vegetable oil with high FFA contents.
2. Trans esterification by using base catalyst for
refined oil or vegetable oil ingredients with low
FFA contents.( Kurniasih, E, 2013)

Jatropha Curcas

Jatropha curcas or commonly called
Jatropha, is a plant which has been existed since a
long time ago. This woody shrub plant is known for
its endurance towards dryness and the breeding is
easy with cuttings, this plant can be easily found in
tropical area. Since old time, this plant has been
known that it could be used for medical ingredients
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Esterification is a reaction process between
acids, in this case, free fatty acids (FFA) with
alcohol; the alcohol used is the short chain alcohol
(methanol or ethanol), so that it forms fatty acids
methyl esters (FAME) and water. Catalyst used in
esterification reaction is acid, mostly uses sulfuric
acid (H2S0a) or phosphoric acid (H2POs).

Lemak (Biodiesel)

The purpose of trans esterification reaction in
biodiesel processing is to wholly eliminate the
triglyceride contents, decrease the flash point,
decrease the boiling and freezing point, and decrease
the reacted oil viscosity. Meanwhile, catalyst which
is usually used in trans esterification reaction is the

IJSER © 2019
http://lwww.ijser.org

310
and poison antidote; these days, Jatropha plant is In order to boost the reaction to run perfectly
drawing attention for its usefulness as biofuel source on low temperature (e.g. the highest is 120°C), then
whose oil contents in its seed can be used as diesel. methanol reactant should be added in larger amount

than wusual (usually larger than 10 times
Jatropha Seeds Oil stoichiometric ratio) and water contents from
follow-up product of reaction should be eliminated
Jatropha seeds oil is one of non-food oil from .the_phase, whic_h Is Oi.l phgse. Through the
material sources which are generated from plants. combination Of. reaction .Wh'Ch is_done _co_rrec_tly
Because of its high oil contents and different from the reaction condition to_ water ellmlnatlion
characteristics, it is interesting to use it in biodiesel method, then the perfect conversion from fatty acids
production. Jatropha oil extraction is usually done to methyl ester can be d(.me n around 1 hour to only
with mechanical compression which is more worthy seyeral hours. The e;tenﬂcaﬂon_ YEZ.:ICtIOI’I from fatty
economically. acid to methyl ester is as following:
Jatropha seeds contain vegetable oil
rendemen as much as 35 to 45 percent. The oil can RCOOH + CH50H F?ttcggdCHsTw:ﬁgm
be processed into biodiesel oil (substitute for diesel) Methyl Ester  water y
and fuel (substitute for kerosene). Jatropha chemical
composition is: Oil 54%, carbohydrate 13%, fiber This esterification is usually done to make biodiesel
12.5%, ash 2.5%, protein 18%; while fatty acid from oil whose free fatty acids contents are
contents in Jatropha oil are ricinoleic acid 86%, oleic high (P acid-value 5 mg-KOH/g). On this
acid 8.5%, linoleic acid 3.5%, stearic acid 0.5 — step, free fatty acids will be converted into
2.0%, and dlhydl’OX)/ stearate acid 1 — 2%. Shown in methyl ester. The esterification step is
Table 1. usually followed by trans esterification
In case of using Jatropha seeds oil as step. However, before the esterification
biodiesel, it should be processed firstly through product is processed by trans esterification
methylation process, just like any other vegetable step, water and the biggest part of acid
oil. Then, Jatropha seeds oil can be used as it is or it catalyst inside should be eliminated first.(
can be mixed with diesel oil in specific composition. Ketta, 1978)
Biodiesel made of plant oil such as Jatropha,
palm, etc., can be easily found in Indonesia because Trans esterification
abundant of materials are there. However, the Trans esterification is a reaction of organic
obstacle is about how we build this energy exchange from triglyceride (vegetable oil) into
production chain. Starts from farmers as the main alcohol (alky! ester). Then, this reaction will result
cast in providing materials for the distributors in on side product which is glycerol. Among the
which availability and sustainability would not monohydric alcohols that are included in alkyl ester
impair the farmer’s farm production. group, methanol is the most commonly used because
Countries, such as West European the price is affordable and the reactivity is the
countries and Japan, that have high highest (so this reaction can be called as
awareness for the environment are now methanolysis). Therefore, in most parts of the world,
ruling the obligation to sell biodiesel in gas the practical biodiesel is identical to fatty acids
station (Setyadji and Susiantini, 2005) methyl ester. The trans esterification reaction of
triglyceride to methyl ester is as following:
Table 1 Jatropha oil characteristics (Biodiesel
Laboratory PT Alam Tri Abadi) Q Q
Characteristics Value HyC-0-C-Ry RyC-0CH; HyC-0H
FFA 772 % q ' Q
Acid Value 1544 mg KoHlg ~ HCOC-Ry + 3CH0H s=—— Ry(:0CH; + HCOH
Gum Content <40 ppm C“l Q
HyC-0-0Ry Ry-(-0CH; HyC-OH
Esterification Trigliserida Mhetanol Ester Metil Asam-Asam Bliseral



base catalyst because this catalyst can fasten the
reaction.

Trans esterification reaction can be done in
3 steps:

Katalis
L. Trigtiserita (TG) + CHOH === Digliserita (DG + R,COOCH,

Katl
2, Dighserit (06) + CHOH === Monglita () + R0OO!

Katalis
3. Monogliserida (MG) + CHOH === Gliserol (6L) + RyCOOCH,

The expected products from trans esterification are
fatty acids (methyl ester). There are some ways of
processing to make the equilibrium more towards
the products, which are:

a. Separate the glycerol.

b. Add more methanols into the reaction process.
c. Lower the temperature when the reaction

process is running. ( Freedman, et al., 1984)

Research Framework

This research was done based on several
experiments by using fixed variables and the change
corresponded to the specified parameter, with the
measuring parameter used were according to EN
14214 standards which have been adjusted to
biodiesel factories’ needs.

For the best quality of biodiesel, we used
B20 composition, whose contents were 20%
biodiesel + 80% diesel, as the comparison for
measuring exhaust gas emission on KOMATSU
EGS 160-7 generator set. The measured exhaust gas
emissions were diesel, B20 before the analysis, and
B20 after the analysis of its chemical materials
usage.

EN 14214 Standards (Europe Number)

Biodiesel’s energy contents are far less
than conventional diesel. There are several biodiesel
specification standards, such as: European biodiesel
standards EN 14214:2002(E), ASTM D6751-02a,
and also SNI/Kep Dirjen EBTKE No.723K/10/
DJE/2013. Basically, biodiesel specification
standards in the world were developed by referring
to European and American standards. European
biodiesel standard EN 14214:2002(E), copes almost
all parameters set in American and Indonesian
biodiesel standards.

The technical definition of biodiesel is a
kind of fuel which is suitable for diesel engine seen
from the fatty acid mono alkyl esters processing
gained from oil or fat production biologically, such
as vegetable oil, animal fat, and micro algal oil.
Biodiesel fuel can also be produced by using any
other kind of alcohol, such as ethanol to produce
fatty acid ethyl esters but this type of biodiesel does
not meet the standards of EN 14214 compared to
methyl esters to produce biodiesel by using
methanol.
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One of the biodiesel percentages, e.g. B100
consists of pure biodiesel contents, B99 means that
the biodiesel contents are 99%, 1 % petro diesel;
while B20 consists of 20% biodiesel and 80%
diesel/fuel (wikipedia).

Emission

Exhaust gas emission is a pollutant that
harms the air produced by vehicle exhaust gas.
Vehicle exhaust gas means the residual gas from the
combustion process discharged into the air through
the vehicle exhaust. Exhaust gas emission contains
many chemical compounds. For the composition of
contents on its chemical compounds depends on:
driving condition, engine type, fuel emission
controller tool, operation temperature, and other
factors which make the emission pattern
complicated. There are five elements in vehicle
exhaust gas, which are: HC ( Hydrocarbon ), CO (
Carbon Monoxide ), CO; ( Carbon Dioxide ), Oz (
Oxygen ) and NOx ( Nitrogen Oxide ) compounds.
While other countries whose emissions are not too
strict only measure 4 element compounds of exhaust
gas, which are HC, CO, CO,, and O,. The type of
fuel which is considered as pollutant is discharged
by engine, whether it is fuel or diesel which is the
same, the only thing to differentiate is the proportion
because the engine operation is different. Visually,
we can see the smoke out of the exhaust of the
vehicle with diesel fuel, while it cannot be seen in
vehicle with fuel. The exhaust gas of wvehicle
contains element compounds which are not too
dangerous, such as nitrogen, carbon dioxide, and
water vapor, albeit, there are also other compounds
with quite large amount which could harm our
health and environment. The pollutant materials in
vehicle exhaust gas are carbon monoxide (CO),
hydrocarbon compounds, and nitrogen oxide (NO,)
compounds, and also some other materials such as
hydrocarbon and organic lead compounds, will be
discharged into the air because of vaporization of
fuel system. Then, the compounds of exhaust gas
which are discharged into the air will change
because of the reaction between them and sunlight,
water vapor, or other similar compounds. Some
reaction process between the compounds happen
fast and some are slow; from this reaction, some
other compounds will be produced, such as: there is
a reaction that changes nitrogen monoxide (NO3)
into the more reactive nitrogen dioxide (NO-), and
the reaction between hydrocarbon compounds with
nitrogen oxide will produce ozone and other oxides;
these compounds cause photochemical smog
(wikipedia).

RESEARCH RESULT AND DATA ANALYSIS
Esterification Process
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The research data is in form of converted
data on each variable provided in the following table
2 and figure 1.

Table 2 Esterification Reaction Time Optimization

reaction time (min) % FFA (<1 % wi/w)

0 7,72
30 1,1
60 0,589
120 0,25
180 0,25

Esterification Reaction Time

9 Optimization
8 * 772
"I\
§ \\ (kg/k
=\
LL3 \
2
1
0 T T ! T T T T ’ 5
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mol)

Figure 1. Esterification Reaction Time
Optimization

The FFA standards allowed in esterification
is <1% and from the figure 1 it can be concluded that
it did not need a long time to react the esterification,
in 1 hour FFA could be reduced to 0.5899% so that
there was not much time wasted in the esterification
process.

shown that the longer the reaction time is, the more
conversion decreased and it was relatively constant
on minute 120. This was because the longer the
reaction time is, the possibility of hydrolysis ester to
be happened is larger.

Esterification reaction is a reversible
reaction which produces side product in form of
water.

RCOOH +CH3;0H
Fatty acid  Methanol Methyl ester water
This reaction was done in batch; the existence of
water would cause the reaction to move to the left so
that methyl ester would be hydrolyzed. Moreover, if
the reaction equilibrium was already reached, then
the addition of reaction time would not be beneficial
because it would not enlarge the result. From the
gained data, the optimum condition for esterification
was on the standard catalyst amount of MeOH 50%
v/v and reaction time of 1 hour. ( Ketta, 1978)
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Esterification Reaction and the Effect towards
FFA
The calculation based on stoichiometric to
determine the variable value with the formulation.

312

AV Poir X Vour

v =
MeOH =™ MR KJH 1000
(coefficient x MR.MeOH)
PaS

Pmethanol

Note:
Vmeon = Volume of Methanol (ml)
AV = Acid Value (mgKOH/g sample)
MR.KOH = Relative Mass of KOH (kg/kmol)
P, = Oil Density (kg/l)
Voit = Oil Volume (ml)
coefficient = Assumption
MR.MeOH = Relative Mass of Methanol

P ethanol = Methanol Density (kg/l)

a. Coefficient 10
15,44 0,87 x200 (10 x32)

MeOH = 567 1000 0,792
Vieon = 19,349 ml
19,349
Yormeon = W X 100%

%MeoH = 9,7% = 10%

b. Coefficient 15
15,44 0,87 x 200 (15 x 32)

Vieon 56,1 1000 0,792
Veon = 26,31664 ml
26,31664
%MeOH = W X 100%

%MeOH = 14,5% ~ 15%

c. Coefficient 20
14 0,87 x 200 (20 x 32)

v =
MeOH — 5¢ 1 1000 0,792
VM@OH = 38,698 ml 38 698
Yoreon = Z’T x 100%

Yomeon = 19,349% = 19%

RCOOCH3;+H,0 <«—. Coefficient 25

14 0,87 x200 (25x%32)

Vrmeon =

56,1 1000 0,792
Vireon = 48,3725 ml
48,3725
%MeOH = W X 100%

%MeOH = 24,2% = 24%

Table 3. Comparison of Biodiesel Quality
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i EN 14214 . .. —
Parameter Units 1 standard Test Method Comparison of Biodiesel
Phosphorus Ppm Max 4 FBI A03-03 0,9 Qua ||ty T
Content %/wt Max 0,8 EN 14105 0,8
Monoglyseride %lwt Max 0,2 EN 14105 07
Diglseride %/wt Max 0,2 EN 14105 &6
Triglyseride Y%/wt Max 0,02 EN 14105 gc:
Free Glyserol %/wt Max 0,25 EN 14105 = -
Total Glyserol %/wt Min 96,5 EN 14103 0,4 ,j‘g
w~N
Ester content Hours Min 6 EN 14112 0,3 ) -
(e}
Oxidation Ppm Max 500 ENISO12937 (2 oo - a
- ! = ':TS 3L N‘S
Stability mg/KOH Max 0,5 AOCS Cd 3d-63 ) = e &R
Water Content Ig 0 B im BIOESsc| 506 Nw
Acid Value
& s (Afterz\be Q}o\ Q}& n
& % (Befgfe Ny W
Parameter Units ESTarllgezxrld‘l Test Method S % ({\(:}];e ) 5SS N T
®o° BN 14214&andardg ]
Phosphorus Ppm Max 4 FBI A03-03 } ) .
Content %/wt Max 0,8 EN 14105 . 0,73422 . 0,71334 . . 0,67109
) Figure 2. Comparison of Biodiesel Qualltg
Monoglyseride %/wt Max 0,2 EN 14105 0,14072 0,17045 0,1491
Diglseride Yolwt Max 0,2 EN14105  From tH245k 3 and figd¥Y'df compariséhiaBove,
Triglyseride %/wt Max 0,02 EN 14105 it can be ¢oncluded that the quality of biediesel
Free Glyserol Ybiwt Max 0,25 EN14105  Produced dshis researchocautd increase theqeality
Total Glyserol 9%t Min 96,5 en1ai0s  Of [Triglyggride value. It cguld be seen fromythe old
Ect ent i il en 2 method, bogth from CPQ Z%r CJo materlalgsZi the
Ster conten ® " triglyceridé value Wwas high? it was even out®sf the
Oxidation i Max B8 ENISO 12937 standard. “¥loreover, soré>Measuring paféfreters
Stability mg/KOH Max 0,5 AOCS Cd 3d-63 which weegishown on thelstandards of EWNL474214
Water Content Iy and the previous large number could be decreased,;
Acid Value thg number on Mono-di-tri highly affected the
change of glyceral total value therefore the safe

In esterification step, there was a conversion
of FFA into ester, so that the initial CJO FFA
contents (free fatty acids) were decreased. If the high
CJO free fatty acids were not decreased through the
esterification step, then on the trans esterification
step it would form more suds as the reaction side
product. This condition would obstruct the
purification process and affect the quality of
biodiesel product.

Comparison of Biodiesel Quality

From the analysis of Chromatography gas
(attached) that we have done, esterification process
as the effort to use Jatropha oil as biodiesel
processing materials could produce methyl ester.
The Table 3 above is a methyl ester components
table from our biodiesel based on GC MS analysis.

number for each quality was expected to be included
in standards to meet the standards value of total
glycerol.

Exhaust Gas Emission Test

The test was done on a generator set branded
Komatsu EGS 160-7 with capacity of 140 kva and 1
sample point by using three sample tests.

Sample testing steps:

1. The first emission test was done by using diesel
fuel or by directly testing the generator set
standards emission.

2. The second sample was B20 (80% diesel + 20%
biodiesel) which was produced before, prepared
in a container and then used for the next
generator set fuel, after 1 hour the emission was
re-measured.

3. On the third sample, we used B20 (80% diesel
+ 20% biodiesel) which was freshly made based
on the new analysis and the same testing step as
the second step.

From the emission testing result by using the

measuring tool branded Testo 350-XL, the three

samples applied on generator set of Komatsu EGS

160-7 provided as following:
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Table 4. Emission Testing Result Using Generator
Set Komatsu EGS160-7

Komatsu EGS 160-7 (140 Kva-2010 B
Measuring Parameter Unit PSéeg&egﬂs I_OIL Dgel ol ((jsl)?,zo
No.13 TH 2009
rbon Monoxide (CO) mg/Nm® 600 230 133
rogen Dioxide (Nox as NO2) mg/Nm® 1000 749 742
w velocity m/s - 8,3 8,2

Generator Set Emission Test

1500
1000

749 742 736
600
0
0 | L -
Starﬂjg?rbon I\églréclgmde (%96 lama  B20 baru
B Nitrogen Dioxide (Nox as NO2)

/Nm%

Figure 3. Generator Set Emission Testing Result on
Komatsu EGS 160-7

From the emission testing result, it could be seen on
the table 4 and figure 3 that the produced emission
of biodiesel was less than that of diesel, especially
the produced CO; meanwhile, the emission of old
B20 and new B20 had value of CO and NO; in quite
similar amount but there was still a difference in
which the new B20 had slightly smaller value.

There were several factors causing the
difference of CO and NO; value on above fuel
emission:

1. CO on diesel was higher than other B20
because biodiesel characteristics were easier to
catch oxygen so that the combustion was more
perfect, diesel was in the contrary.

2. CO and NO; value on new B20 was better than
the old one because the new B20 was still fresh
and not oxydated.

In order to get the maximum production,
industries would usually do everything for that
target but there are times that they press the cost as
minimum as possible and get the same production
value.
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Catalyst Price Per Year
p6.494.400
Rp200.000.000
Rp150.000.000 Ro189.475.6
84

Rp100.000.000 51.082.400
Rp50.000.000 Rp72.800.oo

Rp- MeOH m H2504

Sebe’ume §esudah

Figure 4. Comparison of Esterification
Catalyst Price in 1 Year

From the figure 4 above, it can be seen that the
catalyst 1 price was higher than catalyst 2 with the
Rp 465.476 /Batch in one working day, in one month
(22 working days) was Rp 10.240.474, and for 1
year was Rp 122.885.684 in which the reduction of
esterification catalyst price was around 63%
compared to before.

Conclusion

1. The reaction time of esterification was only
60 minutes to reduce the FFA value by <1%.

2. The addition of methanol 19% and H,SO4
0.9% were enough to produce biodiesel with
EN 14214 standards with CJO materials and
FFA value of 7.72%.

3. The produced emission of new B20 was
better than that of diesel and old B20 seen
from NO. (Nitrogen Dioxide) and CO
(Carbon Monoxide) value in which the
contents of new B20 were lower, even
though those were not too significant.
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