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blends of biodiesel produced from waste soybean cooking oil
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ABSTRACT

The world consumption of fuels is undoubtedly unstable causing world economic crisis so this factor has urged all
nations especially the government and the academics to find another alternatives to replace the usage of petroleum.
Thus, by using biodiesel as alternative, the problem could be tackled, therefore, an experimental investigation has
been conducted on water cooled multi cylinder 45 KW automotive diesel engine widely used in transport sector of
India, fuelled with the various blends of bio-diesel extracted from the waste cooking oil (Soybean). Engine
performance is also evaluated using diesel fuel without any modification in a present engine. A single step batch
transesterification process of waste cooking oil to obtain biodiesel fuel was studied in order to optimize the process
variables such as catalyst concentration, reaction time and reaction temperature which affect the product yield
during transesterification process. The variable that was fixed throughout the whol e experiment was the molar ratio
of methanol to raw ail (6:1).The important properties of waste cooking oil bio-diesel were also determined as per
standards. Experiments were conducted using different blends of biodiesel and diesel such as B15, B25, B35 and
B45 and its effect on brake power, specific fuel consumption, break thermal efficiency, mechanical efficiency and
smoke density etc with respect to the load on the engine were reported. The results of experimental investigation
were compared with that of pure diesel. The test results indicate that the B-15 blend of bio-diesel can act as
alternative fuel.
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INTRODUCTION

Fuels derived from renewable biological resourcesute in diesel engines are known as bio-diegeAihong the

alternative fuels for the petroleum fuel, vegetabieesters (bio-diesel) have gained suitability fbeir use in

compression ignition engine. Bio-diesel is ecorffdly, alternative diesel fuel prepared from donwestinewable
resources such as vegetable oils and animal fateedsing environmental concern, diminishing petrol reserves
and agriculture based economy of our country agaltlving forces to promote bio-diesel as an adtzriuel [1].

Moreover, it is superior fuel than diesel becaubéower sulphur content, high flash point and lovegomatic
content [2]. The lower sulfur means a reductionhi@ formation of acid rain by sulfate emissions ahhgenerate
sulfuric acid in our atmosphere. The reduced stiffuhe blend will also decrease the levels of asike sulfuric
acid accumulating in the engine crankcase oil timee. The lack of toxic and carcinogenic aromaflmsnzene and
xylene) in Bio-diesel means the fuel mixture costimn gases will have reduced impact on human heald the
environment. The high cetane rating of Bio-diesah@es from 49 to 62) is another measure of théiagld ability
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to improve combustion efficiency. Also it containse petroleum, but it can be blended with petrolaliesel to
create a bio-diesel blend [6] and used in comppesgition engine without any engine modificatidh.

Rising fuel costs and impending emission regulatioaive sharpened the automotive industry’s focusfiziency.
Moreover the rapid depletion of fossil fuels duenidespread use has forced to search for some hoasen and
renewable fuel. The environmental concern aboutupoh coming from automobile emission, biodiessl i
emerging as a developing area of high concern.hidie cost of biodiesel is mainly due to the higlstoof virgin
vegetable oil. Therefore, it is necessary to fira/svto reduce the cost of production of biodiefbe use of waste
cooking oil instead of virgin oil, to produce biedel is an effective way to reduce the cost of ie&el production

[4].

Generally, transesterification process is useddalyce biodiesel from vegetable/animal fat. Theetalgle oil was
chemically reacted with an alcohol in presence ohtalyst to produce methyl esters. Glycerol walpced as a
by-product of transesterification reaction. Thensmsterification reaction is given by three conseeuand

reversible equations. The first step is the conwarof triglyceride to form diglycerides, followelly the

conversion of diglycerides to monoglycerides, aridnmnoglycerides to glycerol, yielding one methyter

molecule per mole of glyceride at each step. Thp stise reactions are reversible and a little excésalcohol is
used to shift the equilibrium towards formatioresters.

In the present study, the waste cooking oil, a ledippe vegetable oil is chosen as potential adtiva for
producing biodiesel and use as fuel in compresgmition automotive engine. The used cooking oileaf
prolonged use becomes unhealthy as its FFA incseabizh make it unfit for human use so it becomesessary
to dispose it off. This increasing production oédsooking oil from household, restaurants andsirihl sources
is a growing problem in world. This residue is riegly poured down the drain, resulting in problefos waste
water treatment plants or integrated into food hilaiough animal feeds thus becoming a potentisdeaf human
health problems. Moreover, disposing it into watedies will lead to water pollution. The conversimfithe waste
cooking oil into fuel also eliminates the enviromts impacts caused by the harmful disposal ofevweaste oils,
such as disposal into drains [2]. The productiorbiofdiesel from such waste cooking oil reduces ¢bst of
biodiesel as compared to production from virginbélioil [2, 4]. The kinematic viscosity of wasteo&ing oil is
however several times higher than that of dieselod this leads to problem in pumping and atoropatn
injection system of a diesel engine. The combinfeict of high viscosity and low volatility of wasteooking
soybean oil causes poor cold engine start up, misfhd ignition delay. Hence, it is necessary toagtheir
combustion related properties closer to those edelioil. The transesterification aimed at redudiregviscosity of
vegetable oils to get rid of the flow related pebk [3, 5]. The free fatty acid (FFA) content ofsteacooking oil is
about 1.6% so base catalyzed transesterificationggs is suitable to produce esters from wasteingdoybean
oil as base catalyzed transesterification procaesstplace only with oils having free fatty aciduealess than 2%
[6]. Hence, the present efforts are aimed at theystion of esters (biodiesel) from waste cookirigand to
analyze its suitability as fuel in diesel engines.

Also, the performance and smoke emissions of neyltirder four stroke diesel engine which is wideised in
automotive sector in India was experimentally inigeged using the different blends of waste cookib
(Soybean) bio-diesel and diesel and the resultse wesmpared with the conventional diesel fuel. The
transesterification of waste cooking oil with alotd) in the presence of base catalyst potassiurmokigk (KOH)
and methanol as solvent, by means of single stigh heansesterification process in order to obtaodiesel fuel
was studied. The process variables such as cataystentration, reaction time and reaction tempegatvhich
affect the product yield during transesterificatipnocess were investigated experimentally to opeémihe
parameters.

[I. PRESENT WORK

A.Conversion of Waste Cooking Soybean Qil into Biodiesdl

The process of converting vegetable oil into biesdi is calledtransesterification, a chemical process that
removes the glycerin stem from the molecule, resyin a much smaller molecule, called an esteickvimproves
its characteristics for use as an engine fuel. inff@ortant parameter affecting transesterificatioacpss such as
catalyst concentration, reaction temperature armdtien time were analyzed. Transesterification tieacwas
carried out in a water bath and 250 gm of wasteiogooil was taken in a conical flask and it wastprated to the
temperature of 60° C for 30 minutes. In a sepafiask 1.25% of potassium hydroxide (catalyst) & 2@¥o
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methanol (Alcohol) by weight of waste cooking oiasvmixed and then this mixture was poured into gad oil
sample. The reaction was carried out in water batamperature of 60° C for 60 min at constantistrafter which
the two phase product formed as result of trangésttion was separated using a separating furldgper layer
consists of biodiesel, alcohol and moisture. Lolager consists of Glycerin, Catalyst and tracesirokacted oil.
Upper layer which was biodiesel was boiled to #ragerature of 110° C to obtain pure moisture fiedibsel to be
used in engine. Experiments were repeated to ggithie catalyst concentration, reaction temperatndereaction
time.

Fig. 1. (b)

Fig.1 (a), 1. (b) Set up for phase separation of waste cooking oil biodiesel

B.Characterization of Biodiesd

The properties of waste cooking soybean oil biadi@nethyl esters) were quite comparable to thatiesel fuel.
Transesterification improves the desirable fuelpprties of oil like density, kinematic viscosityagh point, fire
point, cloud point, pour point and calorific valu€he comparisons show that the biodiesel has fugbgsties
relatively closer to diesel fuel. The viscosity vgabstantially got reduced from a value of 32.8.tbcSt. The flash
and fire point of waste cooking biodiesel were liglthan that of conventional diesel. A small petaga of
biodiesel addition with diesel can definitely impeothe flash point of resultant blend, hence thénd is safe to
store and transport. The cloud and pour point aftev@ooking oil biodiesel were lower than that ofiventional
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diesel. Viscosity was measured by using Redwoocbwigter. Flash point and fire point weneasured by closed
cup apparatus. Cloud point and pour point were oredsusing cloud and pour point apparatus wherakmsific
value was determined using bomb calorimeter. Théthshows the various equipments used to deterriel
properties. The table Il shows the fuel propeniewaste cooking oil bio-diesel as compared toelies

TABLE | DIFFERENT APPARATUS AND STANDARDSUSED FOR FUEL CHARACTERIZATION

Name of fuel property

Method / Standard

Kinematic viscosity

Redwood Viscometer, IS: 144807 1976

Flash point and fire point

Closed cup flash and fioint apparatus, IS: 1448 [P: 32]: 1992

Cloud point and pour poin

Cloud and Pour pointappus, 1S: 1448 [P:10] 1970

Calorific value

Bomb Calorimeter, IS: 1448 [P:61849

FFA conten

Titration with 0.1 N NaOl

TABLE Il FUEL PROPERTIES OF WASTE COOKING OIL BIODIESEL ASCOMPARED TO DIESEL

S.No Properties ASTM Standards Diegel Waste coaotihgjodiesel

1 Density, g/cc - 0.83 0.89

2 Viscosity@40C,cSt 1.9-6.0 2.049 4.4

3 Flash PoinfC Min 130 78 177

4 Fire pointC Min 53 82 184

5 Cloud PointC -3t0 12 <10 -1

6 Pour PoinfC -15to0 10 -6 -7

7 Calorific value, KJ/Kg Min 33000 43472 39375.6

Fig.2. Multi cylinder Cl Engine Test Rig

TABLE IIIENGINE SPECIFICATION

1 Engine 4-cylinder, 4-stroke, DI engin
2 | Horse Power 60 H.P

3 | Bore Diameter 75 mm

4 | Stroke Length 79.5 mm

5 | Brand TATA

C. Performance Test on Automotive Diesel Engine
The compression ignition engine set-up along wittiraulic dynamometer, load cell, fuel input measgrsystem,
air intake measuring system, digital panel boandrrhocouples for temperature measurement, digitdlameter
and arrangement for measuring heat carried awagdmying water from engine jacket was supplied by K.
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Engineers Pvt Ltd., Ambala Cantt, Haryana, Indibe Bet-up shown in the figure 2 consist of a véeiaipeed
1400cc, four cylinder, 4-stroke, TATA make, DI Déés€ngine coupled to hydraulic brake dynamometdre T
specification of the engine used for experimentai® given in table Ill. The set-up enables thedgtaf engine
brake power, fuel consumption, air consumption,t lesdance, thermal efficiency, volumetric efficignetc. The
Neptune OPAX2000/ DX200P smoke meter was used to measure the sopdaty of exhaust gas emitted from
diesel engine. The performance tests were cartikaio the compression ignition automotive diesejima using
various blends of waste cooking oil biodiesel arebel as fuels. The tests were conducted at thstaatnspeed of
1650 rpm at various loads. The experimental dateigeéed was documented and presented here usibipttiesel
—diesel mixture for 1 hr engine test operationefith experiment, engine performance parameters asitinake
power, brake specific fuel consumption, brake thdrefficiency and mechanical efficiency were meadurin
addition to that, the engine emission parameten agcsmoke opacity was also measured.

RESULTSAND DISCUSSION
A.Brake Power
The brake power for different blends of bio-dieaetl that of conventional diesel at different loaasweported in
figure 3. The test was conducted for pure diesell fehich was base line fuel and then for differeleinds of WCO
bio-diesel B15, B25, B35, B45 samples and the lmaéngine was varied from 2.5 to 15.6 Kg. It waseshed that
brake power increases when the load was increaseallf operations of diesel and WCO bio-diesel Hken
Generally, the brake power was approximately simdibany load for diesel and blends of waste caploi
biodiesel and diesel. This may be due to the higher consumption of blends due to lower calorifimlue as
compared to diesel to carry same load which resultesame brake power of engine at any load foblathds and
diesel. The increase in fuel consumption on accofitdwer calorific valve of blends enables the ieegto carry
similar load.

Brake power VsLoad

14
12 /)N
10
8 ; —&— Diesel
6 )( —8—B15

/ﬁ' B25
4

w —<—B35
2 —%—B45

0 5 10 15 20

Brake Power, KW

load,kg

Fig.3. Variation of brake power with respect to load

B.Brake Thermal Efficiency
The brake thermal efficiency for different blendsgel and that of conventional diesel at differéodd is reported
in fig 4.
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Brake thermal efficiency VsBrakeload
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Fig. 4. Variation of brake thermal efficiency with respect to load

The test was conducted for pure diesel fuel whichase line fuel and then for different blends c@hbio-diesel
B15, B25, B35, B45 samples and the load on engiag wvaried from 2KW to 13KWt was observed that brake
thermal efficiency increases when the load wasemeed for all operations of diesel and WCO bioalibtends.
This was due to reduction in heat loss and increapewer with increase in load. The brake theraffitiency of
B15 blend was almost similar to conventional didgel. The reason for comparable efficiency up b Bnay be
because of better combustion due to inherent oxggerhigher cetane number. But beyond B15, thieehitzermal
efficiency was slightly lower to that of diesel whimay be due to lower calorific value and highiecesity which
was more dominating over inherent oxygen and higetane number. Because of higher viscosity ofdsddreyond
B15, the atomization of fuel will not be as goodtasill be for lower viscosity at same level ofgssure developed
by injector pump. The brake thermal efficiency efiB, B-35 and B-25 blends was 13.23%, 11.36%, 9e&%than
diesel at full load condition whereas for B-15 lileéhwas only 1.4% less than diesel at full loaddition.

C. Brake Specific Fuel Consumption

The brake specific fuel consumption for differetgrus of fuel and that of conventional diesel &edént load was
reported in figure 5. The test was conducted faemliesel fuel which was base line fuel and thandifferent
blends of WCO bio-diesel B15, B25, B35, B45 samjgled the load on engine was varied from 2KW to 13KW
was observed experimentally that the brake speftietconsumption decreases when the load wasasecdefor all
operations of diesel and WCO bio-diesel blendss Taduction could be due to higher percentage akase in
brake power with load as compared to increase @ €ansumption. Also as load increases the cylindah
temperature also increases, which reduces thedgmelay. Thus shortening of ignition delay impege\xcombustion
and reduces fuel consumption. However the ratecfease in brake specific fuel consumption wasendorring
lower loads than that of higher loads. The brakeciijg fuel consumption of B45, B35, B25, B15 wa21%,
16.55%, 13.27% and 2.81% higher than diesel atdalli. Also for B45 blend, the increase in bragecsic fuel
consumption was more than that of other blendsdiestl operations at higher load conditions. This due to the
higher viscosity and lower calorific value of B4% @ompared to other blends and conventional Diesgl At full
load operation maximum power of the engine was peed that needs higher amount of fuel energy amdtdu
lower energy content of B45 as compared to coneaati diesel and other blends, BSFC increases fd&r &t
compared to diesel and the other blends at highetsl Also, the calorific values of various bledsio diesel
were found to be lower than diesel thereby makiregeingine to consume more fuel to overcome iddrted.
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Specific fuel consumption Vs Brake load
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Fig.5. Variation of brake specific fuel consumption with respect to brake load

D. Mechanical Efficiency

The mechanical efficiency for different blends oélf and that of conventional diesel at differe@davas reported
in figure 6.The test was conducted for pure diégel which was base line fuel and then for différblends of
WCO bio-diesel B15, B25, B35, B45 samples and tel lon engine was varied from 2KW to 13KW. It was
observed that mechanical efficiency increases vtherload was increased for all operations of diesel WCO
bio-diesel blends. This was due to increase in pawh increase in load and frictional power rensagonstant as
engine was running at constant speed of 1650 apdrfrictional power depends on the speed of tiggnerand was
independent of load. It was also observed that ar@chl efficiency was better when WCO bio-dies@gartion in
the blend was higher for any given load. The redgpthe improved mechanical efficiency for higlmencentration
blends was that as the proportion of biodieselémd was raised, the viscosity of blend increadeiswreduces the
friction on account of its better lubricity. Alsbe bio-diesel was more viscous as compared to Idiesi¢ reduces
friction due to its lubricating property and henogroves mechanical efficiency. The mechanicakédficy for all
the blends was better as compared to diesel. Tiohane&al efficiency of B25, B35 and B45 was 4.5%,9% and
5.7% higher than diesel at full load.

M echanical efficiency vs Brake load
90
X
< 80
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S 50
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40 B35
—¥—B45
30
20
0 5 10 15
Load, KW

Fig.6. Variation of mechanical efficiency with respect to brake load
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E.Smoke opacity

Smoke opacity Vs Brake load
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Fig.7. Variation of smoke opacity with respect to brake load

Smoke was formed due to incomplete combustion. Shwke opacity for different blends of fuel and tlodt
conventional diesel at different load was repoitefigure 7. The test was conducted for pure diésel which was
base line fuel and then for different blends of Whi@-diesel B15, B25, B35, B45 samples and the lma@&ngine
was varied from 2KW to 13KW. It was observed thabke opacity increases when the load was increfaseall
operations of diesel and WCO bio-diesel blends. diesel smoke opacities were generally high atethigre load
range, the WCO bio-diesel blends produced lowerkemapacities at the entire load range. BlendsIdN&O bio-
diesel and diesel did not show any general cofoglatVhiles in some cases emissions were low atesoad for a
particular blend; emission suddenly rose at anokbad. Lower opacities of all the WCO bio-dieseérinds as
shown in figure 7 is perhaps due to the absencararhatic compounds in vegetable oils which are knaov
contribute to soot formation. Also, the presencexyfgen in the chemical composition of vegetable wias known
to enhance combustion and thus contributed to I®met formation. At any load the smoke opacity éases when
WCO bio-diesel proportion in the blend was higHeincreases due to the higher viscosity and padatility of
higher blends of WCO bio-diesel as compared to fdvlends which was more dominating over inherentgex
and higher cetane number and it was mainly duemnigston of heavier molecules of hydrocarbon andipdates.
But still it was lower than diesel at any load. §kias due to more complete combustion due to inbeseygen and
higher cetane number and additional lubricity df As smoke was low then better combustion of te$te| takes
place.

CONCLUSION

1.The viscosity of waste cooking oil biodiesel wasrfd to be close to that of diesel and within ran§&STM
standards. The flash and fire point of biodieseb vaggher than that of diesel. The vital propertiésiodiesel
produced from waste cooking soybean oil can be aspactive fuel or performance improving additive in
compression ignition engines.

2.The result also reveals that the cloud and pountpeaste cooking oil methyl ester were found tddseer than
those of diesel. The cloud and pour point of diesel waste cooking oil methyl ester were found 388G, -1C
(cloud point) and -&, -7°C (pour point).

3.In terms of engine performance, the lowest braleeifip fuel consumption was obtained using dieselllload
conditions. Results obtained indicate that engiedopmance in terms of BSFC were lower for all thends than
diesel. However, 15% substitution of diesel witly ari the three vegetable oils did not differ sigrahtly from
results obtained using pure diesel. The brake Bpdael consumption of B45, B35, B25, B15 is 2(22116.55%,
13.27% and 2.81% higher than diesel at full load.
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4.The brake power increases when the load is incdefseall operations of diesel and WCO bio-diesignis.
Generally, the brake power is approximately siméiaany load for diesel and blends of waste cookihgiodiesel
and diesel.

5.Thermal efficiency of the engine was generally loYee all the blends than for diesel. However, thsults were
quite close. The brake thermal efficiency of B-B535 and B-25 blends is 13.23%, 11.36%, 9.7% less diesel at
full load condition whereas for B-15 blend it islyi.4% less than diesel at full load conditioneTrake thermal
efficiency of B15 blend is almost similar to contienal diesel fuel.

6.The mechanical efficiency for all the blends istéets compared to diesel. The mechanical effigienid325,
B35 and B45 is 4.5%, 5.1% and 5.7% higher tharetlegsfull load.

7.Pure diesel produced higher smoke densities atsilalbload condition whiles the blends of wasteking oil
biodiesel and diesel produced the lowest smokeitiessisThe smoke densities of all the blends wezaegally
lower than that of diesel at all load conditiond. aky load the smoke opacity increases when WC&ligisel
proportion in the blend is higher.

8.Use of 15% blends of Waste cooking oil methyl esierpartial diesel substitutes can go a long way in
conservation measure, boosting economy, reduciogrtainty of fuel availability and making more sedfiant.
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