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There has been a world wide in ter est in search ing for al ter na tives to pe tro leum-de -
rived fu els due to their de ple tion as well as due to the con cern for the en vi ron ment.
Veg e ta ble oils have ca pa bil ity to solve this prob lem be cause they are re new able
and lead to re duc tion in en vi ron men tal pol lu tion. The di rect use of veg e ta ble oils as 
a die sel en gine fuel is pos si ble but not pref er a ble be cause of their ex tremely higher
vis cos ity, strong ten dency to poly mer ize and bad cold start prop er ties. On the other
hand, Biodiesels, which are de rived from veg e ta ble oils, have been re cently rec og -
nized as a po ten tial al ter na tive to die sel oil. This study deals with the anal y sis of
rice bran oil methyl es ter (RBME) as a die sel fuel. RBME is de rived through the
transesterification pro cess, in which the rice bran oil re acts with meth a nol in the
pres ence of KOH. The prop er ties of RBME thus ob tained are com pa ra ble with
ASTM biodiesel stan dards. Tests are con ducted on a 4.4 kW, sin gle-cyl in der, nat u -
rally as pi rated, di rect-in jec tion air-cooled sta tion ary die sel en gine to eval u ate the
fea si bil ity of RBME and its die sel blends as al ter nate fu els. The ig ni tion de lay and
peak heat re lease for RBME and its die sel blends are found to be lower than that of
die sel and the ig ni tion de lay de creases with in crease in RBME in the blend. Max i -
mum heat re lease is found to oc cur ear lier for RBME and its die sel blends than die -
sel. As the amount of RBME in the blend in creases the HC, CO, and soot con cen tra -
tions in the ex haust de creased when com pared to min eral die sel. The NOx emis sions 
of the RBME and its die sel blends are noted to be slightly higher than that of die sel.

Key words: diesel engine, biodiesel, performance, emissions, combustion, rice
bran methyl ester

In tro duc tion

The world is on the brink of an en ergy cri sis. The lim ited fos sil fuel re sources are un -
able to pro vide for the con tin u ously in creas ing de mand for en ergy. This, as so ci ated with in -
creas ing price of fos sil fuel and the aware ness of the im pacts of en vi ron men tal pol lu tion and
global warm ing, has forced a search for an al ter na tive source of en ergy, which is re new able, safe 
and non-pol lut ing.

Since com pres sion ig ni tion (CI) en gines are more widely used com pared to spark ig ni -
tion (SI) en gines, greater at ten tion is be ing de voted to de velop an al ter na tive source of fuel for
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the same. Since veg e ta ble oils sat isfy the ma jor re quire ments, nec es sary for a die sel en gine fuel,
their suit abil ity as al ter na tive to die sel fuel has been a topic of ac tive re search. How ever, their
higher vis cos ity and stor age abil ity is sues re strict their di rect use as al ter nate fu els [1].
Transesterification is the method to re duce the vis cos ity of veg e ta ble oil. In this pro cess, the
veg e ta ble oil re acts with al co hol in the pres ence of acid/base cat a lyst to pro duce biodiesel i. e.
es ter of veg e ta ble oil [2, 3]. This is bio de grad able, non-toxic, sul phur free and, most im por -
tantly, re new able. Gen er ally, methyl es ters are pre ferred be cause meth a nol is non hy gro scopic
and is less ex pen sive than other al co hols.

Many re search ers have con ducted ex per i ments with biodiesel. Biodiesels pro duced
from var i ous veg e ta ble oils such as sun flower oil [4], soy bean oil [5], rape seed oil [6], Jatropha
oil [7],  Pongamia oil [8], and used cook ing oils [9] have been suc cess fully tested. In the above
in ves ti ga tions, Biodiesel and its blends with die sel were em ployed as a fuel for a CI en gine with -
out any mod i fi ca tion in the ex ist ing sys tem. It was found that the per for mance and emis sions of
these biodiesels are com pa ra ble to those of die sel. Most of these in ves ti ga tions have re vealed
that the methyl es ters of veg e ta ble oils have the potential to replace diesel.

How ever, the most of the ear lier re search works on biodiesels are mainly fo cused on
per for mance and emis sion study only. Machacon et al. [10] stud ied the vari a tion in com bus tion
pa ram e ters of a die sel en gine us ing co co nut oil-die sel blend as fuel. Hamasaki et al. [11] an a -
lyzed heat re lease rate of waste cook ing oil methyl es ter and com pared it with die sel. Breuer [12] 
stud ied the ef fect of fuel prop er ties on heat re lease through ex per i ments con ducted with rape -
seed oil and its methyl es ter. Vaughn et al. [13] ar rived at the ig ni tion de lay of a num ber of
bio-es ters by drop let ig ni tion de lay ex per i ments. Kinoshita et al. [14] eval u ated the com bus tion
char ac ter is tics of biodiesels de rived from co co nut oil and palm oil.

In the pres ent work, rice bran oil (RBO) is used for pro duc tion of biodiesel. RBO is ex -
tracted from the rice bran, which is a by-prod uct ob tained dur ing the grind ing of paddy. Since
rice is the sta ple food in a large part of In dia, there is a huge po ten tial to pro duce and uti lize
RBO. Though In dia is the sec ond larg est pro ducer of paddy, hardly 50% of the bran is uti lized
for pro duc ing RBO and only 19% of ed ible grade RBO is con sumed as a cook ing me dia [15].
Hence RBO is com mer cially fea si ble for biodiesel pro duc tion [16]. The fatty acid pro file of
crude RBO (% v/v) is 0.2 ± 0.1 lauric, 0.8 ± 0.1 my ris tic, 17.7 ± 0.53 palmitic, 0.23 ± 0.1
palmitoleic, 2.2 ± 0.15 stearic, 40.6 ± 0.77 oleic, 35.6 ± 0.5 linoleic, 1.8 ± 0.22 linolenic, 0.2 ±
0.1 arachidic, 0.3 ± 0.1 behenic, and 0.6 ± 0.26 lignoceric [17]. Even though the RBO has a po -
ten tial to re place die sel, lim ited work has been per formed so far to test its abil ity as a CI en gine
fuel. In the ini tial stage of in ves ti ga tion, tests are con ducted with neat RBO to test its suit abil ity
as a CI en gine fuel [18, 19]. From these tests, it is found that the fuel, which is pre pared by blend -
ing rice bran oil with die sel, pro duced better re sults than neat RBO. Later, the work is ex tended
to test the en gine with es ters of RBO [20]. All the above-men tioned stud ies are re stricted to eval -
u a tion of only the per for mance and emis sion char ac ter is tics.

From the ear lier eval u a tions it is in ferred that rice bran oil methyl es ter (RBME) have
the po ten tial to re place die sel. To strengthen the above in fer ence this pa per pres ents an in-depth
anal y sis of RBME by its com bus tion pa ram e ters and its im pact on the per for mance and emis sion 
char ac ter is tics of the en gine. Apart from com plete re place ment of die sel by RBME, the pres ent
work also makes an at tempt to in ves ti gate the pos si bil ity of a par tial re place ment of RBME as a
CI en gine fuel by eval u at ing the dif fer ent blends of RBME and die sel. This re sults in four more
test fu els in ad di tion to RBME and die sel. In the pres ent study, RBO is used as feedstock to pro -
duce biodiesel by transesterification pro cess. In this pro cess, RBO with meth a nol in the pres -
ence of po tas sium hy drox ide (KOH) cat a lyst to pro duce RBME. One litre of RBO re quires 7.9
grams of KOH and 200 ml of methanol in order to be converted into RBME.
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Ex per i men tal dates

En gine setup

The test setup used for this in ves ti ga tion is shown in fig. 1. Test to eval u ate the fea si -
bil ity of RBME and die sel oil blends have been per formed on a 4.4 kW, con stant speed, sin gle
cyl in der, four-stroke, nat u rally as pi rated, air-cooled, di rect in jec tion die sel en gine cou pled to an 
elec tri cal dy na mom e ter is used. The spec i fi ca tions of the en gine are given in tab. 1.

Var i ous mea sure ment sys tems

AVL GH12D min ia ture pres sure trans-  
ducer with AVL 3066A02 piezo charge
am pli fier and an gle en coder is used to ob -
tain the vari a tion of pres sure in the com -
bus tion cham ber. The mean pres sure his -
tory in the com bus tion cham ber is ob -
tained by av er ag ing 100 cy cles in se -
quence. The AVL 615 indimeter soft ware 
is used to com pute the heat re lease rates
from the mea sured val ues of pres sure and
crank an gle (CA). A five-gas an a lyzer is
used to mea sure CO, un burned hy dro car -
bons (UBHC) by in fra red sen sors and
NOx by elec tro chem i cal sen sors. The
smoke in ten sity is mea sured by AVL 415 vari able sam pling smoke me ter. A bu rette is used for
mea sur ing fuel con sump tion and a chrommel alumel ther mo cou ple is used along with a dig i tal
tem per a ture in di ca tor for mea sur ing the ex haust gas tem per a ture.

Ex per i men tal pro ce dure

For those in ves ti ga tion six types of fu els have been test ing: petrol die sel, 20, 40, 60,
80% of RBME blends (on vol ume ba sis) and die sel fuel and 100% RBME. The com par i son of
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Fig ure 1. Ex per i men tal setup
(1) – Die sel en gine, (2) – Electrical
dy na mom e ter, (3) – Dy na mom e ter con trols,
(4) – Air box, (5) – U-tube ma nom e ter,
(6) – Fuel tank, (7) – Fuel mea sure ment,
(8) – Pres sure trans ducer, (9) – TDC po si tion
sen sor, (10) – Charge am pli fier, (11) – TDC
am pli fier cir cuit, (12) – An a log to dig i tal card,
(13) – Per sonal com puter, (14) – Ex haust gas
an a lyzer, (15) – AVL smoke me ter

Ta ble 1. Spec i fi ca tions of en gine

Make Kirloskar

Model TAF 1

Type Di rect in jec tion, air cooled

Bore × stroke [mm] 87.5 × 110 mm

Com pres sion ra tio 17.5:1

Swept vol ume 0.661 L

Rated power 4.4 kW

Rated speed 1500 rpm

Start of in jec tion 23.4 deg bTDC

Con nect ing rod length 220 mm

In jec tor op er at ing pres sure 250 bar



phys i cal prop er ties of RBO, RBME, and die sel oil are shown in tab. 2. It is ob served that the
prop er ties of RBME, are with in the range of biodiesel stan dards [21]. The in stru ments are cal i -
brated ac cord ing to the sup pli ers’ in struc tions be fore con duct ing the en gine tests. The tests are
con ducted as per the IS 1601:1960 of Bu reau of In dian stan dards. The en gine is started and af ter
warm ing up, tests are con ducted at var i ous loads with die sel fol lowed by RBME and its die sel
blends. At each load, the en gine is op er ated for 15 min utes to sta bi lise un der the new con di tion.
For ev ery fuel change, the fuel lines are com pletely cleaned, and the en gine is al lowed to op er ate 
for at least 30 min utes un der this con di tion. The RBME-die sel blends are spec i fied according to
the percentage of RBME present in the test fuel.

Re sults and dis cus sion

The vari a tion of com bus tion, per for mance, and emis sion char ac ter is tics with load are
pre sented for the var i ous test fu els.

Com bus tion char ac ter is tics

The mea sured in-cyl in der pres sure data is used to an a lyze the com bus tion pro cess and
the events oc cur ring in the com bus tion cham ber. In this sec tion, com bus tion pa ram e ters such as   
ig ni tion de lay, pres sure vari a tion, peak pres sure, peak pres sure rate, and heat re lease rate are dis -
cussed. It is ob served that while op er at ing with 100% RBME and its petrol die sel blends, the
run ning of the en gine is smooth through out the en tire range of loads with out any prob lems.

The ig ni tion de lay for die sel, RBME, and the blends of RBME and die sel oil at var i ous 
loads shows fig. 2. It can be seen that all the fu els ex hibit a gen eral trend of de crease in ig ni tion
de lay with in crease in load. This may be due to the rise in the cyl in der gas tem per a ture at the
time of in jec tion with in crease in load. It is ob served that at no load con di tion the de lay pe riod
for RBME de creases by 8% while its die sel blends show al most 2% de crease for ev ery 20% ad -
di tion of RBME when com pared to die sel. At 50 and 75% of the rated load the de lay pe riod de -
creases by 10 and 20%, re spec tively, for RBME com pared to die sel. It is also ob served that for
ev ery 20% ad di tion of RBME in the RBME die sel blend the de lay pe riod is de creased by al most
5% at all loads. This is due to the ox y gen pres ent in RBME and the break down of higher mol e -
cules of RBME to lower mol e cules of vol a tile com pounds dur ing in jec tion and this ad vances the 
start of combustion resulting in decrease in ignition delay.
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Ta ble 2. Prop er ties of RBME and die sel

Property RBO Die sel RBME

Biodiesel stan dards

ASTM
D6751-02

EN14214 

Den sity [kg/m3] 920.4 830 881.2 – 860-900 

Vis cos ity [Cst] 23.87 3.522 5.37 1.9-6.0 3.5-5.0

Flash point [°C] 298 49 165 >130 >120

Cal o rific value [kJ/kg] 38725 44136 39798.5 – –

Acid num ber [mgKOH/g] 3.0 0.2 0.14 <0.8 <0.5



Fig ure 3 shows the vari a tion of com bus tion cham ber pres sure with CA for var i ous fu -
els used at rated load. Sim i lar trends are ob served at other loads also. RBME and its die sel
blends ex hibit slightly higher pres sure at all CA com pared to die sel. This is due to ear lier ig ni -
tion of RBME and its die sel blends, which re sults in ear lier start of com bus tion and hence higher 
pres sure val ues com pared to die sel.

Fig ure 4 shows the cy cle peak pres sure vari a tion for the var i ous fu els used at dif fer ent
loads. It is ob served that the peak pres sure is not very much af fected by us ing RBME and its die -
sel blends com pared to die sel. The per cent age in crease in peak pres sure is less than 1% for
RBME and its die sel blends at all loads when com pared to die sel. As seen in fig. 2, the ig ni tion
de lay de creases with in crease in per cent age of RBME, and this re sults in ear lier com bus tion
con se quently leading to higher peak pressures.
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Fig ure 2. Com par i son of ig ni tion de lay for die sel and dif fer ent RBME blends

Fig ure 3. Com par i son of pres sure vari a tions for die sel and dif fer ent RBME blends



Fig ure 5 shows the rate of pres sure rise of dif fer ent fu els at rated load with re spect to
CA. Die sel has a higher value of max i mum rate of pres sure rise com pared to RBME and its die -
sel blends. It is also ob served that, the max i mum rate of pres sure rise de creases with in crease of
RBME in the fuel. This may be a con se quence of the de crease in ig ni tion de lay with in crease in
per cent age of RBME in the fuel. The re duced ig ni tion de lay im plies that the quan tity of ac cu mu -
lated fuel dur ing ig ni tion de lay is lesser than dur ing higher ig ni tion de lay. Hence the pres sure
rise is not as dras tic as in the case of die sel.

Fig ure 6 shows the rate of heat re lease of die sel, RBME and its die sel blends at rated
load. The re sults show that the max i mum heat re lease rate de creases with in crease in per cent age
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Fig ure 4. Com par i son of cy cle peak pres sure for die sel and dif fer ent RBME blends

Fig ure 5. Com par i son of rate of pres sure rise for die sel and diferent RBME blends 



of RBME in the fuel. It can also be ob served that max i mum heat re lease rate oc curs ear lier with
the in crease in the per cent age of RBME in the blend. This trend may also be at trib uted to the
smaller ig ni tion de lay of RBME and its die sel blends and can be ex plained in a sim i lar man ner
as rate of pres sure rise.

Per for mance char ac ter is tics

Fig ure 7 showed that, the brake ther mal ef fi ciency of the var i ous fu els in creases with
in crease in load. The brake ther mal ef fi ciency is slightly higher (about 1%) for die sel com pared
to RBME and its die sel blends at all loads. The early ini ti a tion of com bus tion for RBME and its
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Fig ure 7. Com par i son of brake ther mal ef fi ciency for die sel and dif fer ent RBME blends

Fig ure 6. Com par i son of heat re lease rate for die sel and dif fer ent RBME blends



die sel blends may lead to a sig nif i cant pres sure rise be fore TDC and may con trib ute to in creased
com pres sion work and heat loss re sult ing in a de creased brake ther mal ef fi ciency.

Emis sion char ac ter is tics

Vari a tions of ex haust gas tem per a ture with re spect to load for dif fer ent fu els are
shown in fig. 8. From the fig ure it can be ob served that the tem per a ture of RBME and its die sel
blends are slightly higher than that of die sel. For 20% RBME blend the in crease in tem per a ture
is 1% at all loads when com pared with die sel. Fur ther in creas ing the con cen tra tion of RBME in
the RBME die sel blends shows a 2% in crease in the tem per a ture for 20% ad di tion of RBME and 
the in crease is max i mum for RBME when com pared with die sel at all loads. This may be at trib -
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Fig ure 8. Com par i son of ex haust gas tem per a ture for die sel and dif fer ent RBME blends

Fig ure 9. Com par i son of UBHC emis sion for die sel and dif fer ent RBME blends



uted to the higher ox y gen con tent of RBME, which might ac cel er ate the com bus tion pro cess and 
in turn in creases the com bus tion tem per a ture and the ex haust tem per a ture.

Fig ure 9 shows the com par i son of UBHC emis sions of the var i ous fu els at dif fer ent
loads. From the fig ure it is clear that there is a gen eral trend of in crease in the UBHC emis sions
as the load in creases. This trend is, per haps, due to pres ence of fuel rich mix ture at higher loads.
It can be seen that at no load the UBHC emis sion is re duced by 30% for RBME com pared to die -
sel while other blends show sim i lar re duc tion. At 50% and 100% load RBME shows 50% re duc -
tion com pared to die sel while the in crease in per cent age of RBME in the blend con tin u ously re -
duces UBHC emis sions by al most 10% for ev ery 20% increase in RBME in the blend.

Fig ure 10 shows the com par i son of CO emis sions of the var i ous fu els at dif fer ent
loads. From the above fig ure it is clear that there is a gen eral trend of in crease in the CO emis -
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Fig ure 10. Com par i son of car bon mon ox ide emis sions for die sel and dif fer ent RBME blends

Fig ure 11. Com par i son of soot con cen tra tions for die sel and dif fer ent RBME blends



sions as the load in creases. This trend is, per haps, due to pres ence of fuel rich mix ture at higher
loads. It is also ob served that CO emis sion is func tion of the per cent age of RBME in the blend.
For ev ery 20% ad di tion of RBME in the blend the CO emis sion is re duced by al most 10% and
reaches a max i mum of 40% re duc tion for RBME when com pared with die sel at all loads.

Fig ure 11 shows the com par i son of soot con cen tra tion of the var i ous fu els at dif fer ent
loads. From the fig ure it is clear that there is a gen eral trend of in crease in the soot con cen tra -
tions as the load in creases. This trend is, per haps, due to pres ence of fuel rich mix ture at higher
loads. It can be seen that at 25% load RBME die sel blends show a re duc tion in soot con cen tra -
tion and RBME shows max i mum re duc tion of 50% when com pared with die sel. At 75% and
100% load RBME shows more than 60% re duc tion in soot con cen tra tion when com pared with
die sel. It is ob served that nearly 40% re duc tion of soot con cen tra tion is ob tained for ev ery 20%
addition of RBME in the blend at all loads.

Fig ure 12 shows the com par i son of NOx emis sions of the var i ous fu els tested at var i -
ous loads. The gen eral trend ob served is that the emis sion of NOx in creases with load. It is ob -
served that RBME shows 30% higher value of NOx emis sions when com pared with die sel. It is
also ob served that 2-5% in crease in NOx emis sion is ob tained for ev ery 20% ad di tion of RBME
in the blend at all loads.  Be ing an ox y gen ated fuel, the RBME also sup plies ox y gen in ad di tion
to the air in ducted into the com bus tion cham ber and there fore aids in the for ma tion of NOx. The
higher com bus tion tem per a ture of RBME and its die sel blends may have also con trib uted to the
higher NOx emis sions.

Con clu sions

Based on the ob tain re sults the fol low ing con clu sions can be drawn.
(1) The performance, emission and combustion characteristics of single cylinder DI diesel

engine when fuelled with diesel, RBME and its diesel blends are investigated.
(2) The ignition delay and peak heat release for RBME and its diesel blends are found to be

lower than that of diesel and the ignition delay decreases with increase in RBME in the
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Fig ure 12. Com par i son of NOx emis sions for die sel and dif fer ent RBME blends



blend. Maximum heat release is found to occur earlier for RBME and its diesel blends than
diesel.

(3) The brake thermal efficiency of the RBME and its diesel blends are slightly lower than that
of diesel. 

(4) As the amount of RBME in the blend increases the UBHC, CO, and soot concentrations in
the exhaust decrease, which implies cleaner combustion of RBME and its diesel blends
compared to diesel. The NOx emissions of the RBME and its diesel blends are slightly higher 
than that of diesel.

(5) From the above analysis the main conclusion is RBME and its diesel blends are suitable
substitute for diesel as they produce lesser emissions than petroleum diesel and have
satisfactory combustion and performance characteristics.

(6) When comparing these results with sunflower oil methyl ester as a CI engine fuel [22] the
same engine, RBME shows 41.9% reduction in NOx emission, 12.9% reduction in the delay
period, and 25% decrease in the rate of pressure rise for the same performance. 
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