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Bio mass de rived veg e ta ble oils are quite prom is ing al ter na tive fu els for ag ri cul -
tural die sel en gines. Use of veg e ta ble oils in die sel en gines leads to slightly in fe rior
per for mance and higher smoke emis sions due to their high vis cos ity. The per for -
mance of veg e ta ble oils can be im proved by mod i fy ing them through the
transesterification pro cess. In this pres ent work, the per for mance of sin gle cyl in der
wa ter-cooled die sel en gine us ing methyl es ter of jatropha oil as the fuel was eval u -
ated for its per for mance and ex haust emis sions. The fuel prop er ties of biodiesel
such as ki ne matic vis cos ity, cal o rific value, flash point, car bon res i due, and spe -
cific grav ity were found. Re sults in di cate that B25 has closer per for mance to die sel
and B100 has lower brake ther mal ef fi ciency mainly due to its high vis cos ity com -
pared to die sel. The brake ther mal ef fi ciency for biodiesel and its blends was found
to be slightly higher than that of die sel fuel at tested load con di tions and there was
no dif fer ence of ef fi ciency be tween the biodiesel and its blended fu els. For jatropha
biodiesel and its blended fu els, the ex haust gas tem per a ture in creased with the in -
crease of power and amount of biodiesel. How ever, its die sel blends showed rea -
son able ef fi ciency, lower smoke, and CO2 and CO emis sions.

Key words: jatropha oil, biodiesel, transesterification, performance and emission
characteristics

Introduction

Die sel en gines are the most ef fi cient prime mov ers. From the point of view of pro tect -
ing global en vi ron ment and con cerns for long-term en ergy se cu rity, it be comes nec es sary to de -
velop al ter na tive fu els with prop er ties com pa ra ble to pe tro leum based fu els. Un like the rest of
the world, In dia’s de mand for die sel fu els is roughly six times that of gas o line, hence seek ing al -
ter na tive to min eral die sel is a nat u ral choice [1, 2]. The rapid de ple tion of pe tro leum re serves
and ris ing oil prices has led to the search for al ter na tive fu els. Non ed ible oils are prom is ing fu els 
for ag ri cul tural ap pli ca tions. Veg e ta ble oils have prop er ties com pa ra ble to die sel and can be
used to run CI en gines with lit tle or no mod i fi ca tions. Us age of biodiesel will al low a bal ance to
be sought be tween ag ri cul ture, eco nomic de vel op ment and the en vi ron ment [3, 4].

Jatropha curcas L. is non-ed ible oil be ing sin gled out for large-scale for plan ta tion on
waste lands. Jatropha plant can thrive un der ad verse con di tions. It is a drought-re sis tant, pe ren -
nial plant, liv ing up to fifty years and has ca pa bil ity to grow on mar ginal soils. It re quires very
lit tle ir ri ga tion and grows in all types of soils (from coast line to hill slopes). The pro duc tion of
jatropha seeds is about 0.8 kg per square me ter per year. The oil con tent of jatropha seed ranges
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from 30% to 40% by weight and the ker nel it self ranges from 45% to 60%. Fresh jatropha oil is
slow-dry ing, odor less and col or less oil, but it turns yel low af ter ag ing [5]. In Mad a gas car, Cape
Verde, and Benin, jatropha oil was used as min eral die sel sub sti tute dur ing the Sec ond World
War. Forson et al. used jatropha oil and die sel blends in CI en gines and found its per for mance
and emis sions char ac ter is tics sim i lar to that of min eral die sel at low con cen tra tion of jatropha oil 
in blends [6]. Pramanik tried to re duce vis cos ity of jatropha oil by heat ing it and also blend ing it
with min eral die sel [7]. Ac cept able ther mal ef fi cien cies of the en gine had ob tained with blends
con tain ing up to 50% of jatropha oil. The use of hot ex haust gas recirculation for ox ides of ni tro -
gen con trol in a com pres sion ig ni tion en gine fu eled with biodiesel from jatropha oil was stud ied
by Pradeep et al. [8]. Agarwal et al. ob served that en gine op er ated on jatropha oil (pre heated and 
blends), per for mance and emis sion pa ram e ters were found to be very close to min eral die sel for
lower blend con cen tra tion. How ever, for higher blend con cen tra tions, per for mance and emis -
sions were ob served to be mar gin ally in fe rior [9]. The use of biodiesel fuel showed rea son ably
good per for mance and the use of 100% esterified jatropha oil gave re duc tion in NOx lev els, high
in crease in smoke while main tain ing al most same fuel con sump tion val ues with 100% die sel
fuel op er a tion [10].

The pres ent re search is aimed at ex plor ing tech ni cal fea si bil ity of jatropha oil in di rect
in jec tion com pres sion ig ni tion en gine with out any sub stan tial hard ware mod i fi ca tions. In this
work the methyl es ter of jatropha oil was in ves ti gated for its per for mance as a die sel en gine fuel. 
Fuel prop er ties of min eral die sel, jatropha biodiesel and jatropha oil were eval u ated. Three
blends were ob tained by mix ing die sel and esterified jatropha in the fol low ing pro por tions by
vol ume: 75% die sel + 25% esterified jatropha, 50% die sel + 50% esterified jatropha, and 25%
die sel + 75% esterified jatropha. Per for mance pa ram e ters like brake ther mal ef fi ciency, spe cific
fuel con sump tion, and brake power were de ter mined. Ex haust emis sions like CO2, CO, NOx and 
smoke have been eval u ated. For com par i son pur poses ex per i ments were also car ried out on
100% esterified jatropha and die sel fuel.

Materials and meth ods

A lot of re search work has been car ried out to use veg e ta ble oil both in its neat form
and mod i fied form [3, 5, 6, 11-15]. Stud ies have shown that the us age of veg e ta ble oils in neat
form is pos si ble but not pref er a ble [3]. The high vis cos ity of veg e ta ble oils and the low vol a til ity 
af fect the at om iza tion and spray pat tern of fuel, lead ing to in com plete com bus tion and se vere
car bon de pos its, in jec tor chok ing, and pis ton ring stick ing. The meth ods used to re duce the vis -
cos ity are:
– blend ing with die sel,
– emulsification,
– py rol y sis, and
– transesterification.

Among these, the transesterification is the com monly used com mer cial pro cess to pro -
duce clean and en vi ron men tal friendly fuel [5, 14]. How ever, this adds ex tra cost of pro cess ing
be cause of the transesterification re ac tion in volv ing chem i cal and pro cess heat in puts.

Materials and transesterification pro cess

The con ver sion of jatropha oil into its methyl es ter can be ac com plished by the
transesterification pro cess. Transesterification in volves re ac tion of the tri glyc er ides of jatropha
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oil with methyl al co hol in the pres ence
of a cat a lyst so dium hy drox ide
(NaOH) to pro duce glyc erol and fatty
acid es ter. The mech a nism of transes-
terification is shown in fig. 1.

The pro duc tion of biodiesel by
transesterification of the oil gen er ally
oc curs us ing the fol low ing steps.
(1) Mixing of alcohol and catalyst. For

this process, a specified amount of
450 ml methanol and 10 g NaOH
was mixed in a round bottom flask.

(2) Reaction. The alcohol/catalyst mix
is then charged into a closed
reaction vessel and 1000 ml jatropha oil is added. Excess alcohol is normally used to ensure
total conversion of the fat or oil to its esters. 

(3) Separation of glycerin and biodiesel. Once the reaction is complete, two major products
exist: glycerin and biodiesel. The quantity of produced glycerin varies according the oil
used, the process used, and the amount of excess alcohol used. Both the glycerin and
biodiesel products have a substantial amount of the excess alcohol that was used in the
reaction. The reacted mixture is sometimes neutralized at this step if needed.

(4) Alcohol removal.
(5) Glycerin neutralization. The glycerin by-product contains unused catalyst and soaps that are

neutralized with an acid and sent to storage as crude glycerin. In some cases the salt formed
during this phase is recovered for use as fertilizer. In most cases the salt is left in the glycerin.

(6) Methyl ester wash. The most important aspects of biodiesel production to ensure trouble free 
operation in diesel engines are complete reaction, removal of glycerin, removal of catalyst,
removal of alcohol, and absence of free fatty acids.

Experimental setup

The en gine used for this ex per i -
men tal in ves ti ga tion was a sin gle cyl -
in der 4-stroke nat u rally as pi rated wa -
ter cooled die sel en gine hav ing 5
BHP as rated power at 1500 rpm. The
en gine was cou pled to a brake drum
dy na mom e ter to mea sure the out put.
Fuel flow rates were timed with cal i -
brated bu rette. Ex haust gas anal y sis
was per formed us ing a multi gas ex -
haust an a lyzer. The pres sure crank
an gle di a gram was ob tained with help 
of a piezo elec tric pres sure trans -
ducer. A Bosch smoke pump at tached 
to the ex haust pipe was used for mea -
sur ing smoke lev els. The to tal ex per i -
men tal set up is shown in fig. 2.
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Figure 1. Diagram showing the mechanism of
transesterification reaction

Figure 2. Experimental setup
1 – Engine, 2 – Brake drum dynamometer, 3 – Fuel tank
(biodiesel), 4 – Diesel tank, 5 – Burettes, 6 – Three way valve, 
7 – Air box, 8 – Manometer, 9 – Air flow direction, 10 – Exhaust 
analyzer, 11 – Smoke meter, 12 – Exhaust flow



The tech ni cal spec i fi ca tions of die sel en gine are:
Man u fac turer – Kirloskar en gines Ltd, Pune, In dia
Number of cyl in ders – One
Number of strokes – Four
Bore & stroke – 80 & 110 mm
Ca pac ity – 3.68 kW
BHP of en gine – 5
Speed – 1500 rpm
Mode of in jec tion – Di rect injection
Cool ing sys tem – Wa ter

Ex per i men tal pro ce dure 

Ex per i ments were ini tially car ried out on the en gine us ing die sel as the fuel in or der to
pro vide base line data [16]. The cool ing wa ter tem per a ture at the out let was main tained at 70 °C. 
The en gine was sta bi lized be fore tak ing all mea sure ments. Sub se quently ex per i ments were re -
peated with methyl es ter of jatropha oil for com par i son. 

Results and dis cus sion

The fu els (min eral die sel, jatropha biodiesel, and jatropha oil) were an a lyzed for sev -
eral phys i cal, chem i cal, and ther mal prop er ties and the re sults are listed in tab. 1.

Ta ble 1. Fuel prop er ties of min eral die sel, jatropha biodiesel, and jatropha oil

Prop erty Min eral die sel Jatropha biodiesel Jatropha oil

Den sity [kgm–3] 840 ± 1.732 879 917 ± 1

Ki ne matic vis cos ity at 40 °C [cst] 2.44 ± 0.27 4.84 35.98 ± 1.3

Pour point [°C] 6 ± 1 3 ± 1 4 ± 1

Flash point [°C] 71 ± 3 191 229 ± 4

Conradson car bon res i due [w/w%] 0.1 ± 0.0 0.01 0.8 ± 0.1

Ash con tent [w/w%] 0.01 ± 0.0 0.013 0.03 ± 0.0

Cal o rific value [MJkg–1] 45.343 38.5 39.071

Sul phur [%, w/w] 0.25 <0.001 0

Cetane number 48-56 51-52 23-41

Car bon [w/w%] 86.83 77.1 76.11

Hy dro gen [w/w%] 12.72 11.81 10.52

Ox y gen [w/w%] 1.19 10.97 11.06

Den sity, cloud point, and pour point of jatropha oil was found higher than die sel.
Higher cloud and pour point re flect un suit abil ity of jatropha oil as die sel fuel in cold cli ma tic
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con di tions. The flash and fire points of jatropha oil was quite high com pared to die sel. Hence,
jatropha oil is ex tremely safe to han dle [17, 18]. Higher car bon res i due from jatropha oil may
pos si bly lead to higher car bon de pos its in com bus tion cham ber of the en gine. Low sul phur con -
tent in jatropha oil re sults in lower SOx emis sions. Pres ence of ox y gen in fuel im proves com bus -
tion prop er ties and emis sions but re duces the cal o rific value of the fuel [19]. jatropha oil has ap -
prox i mately 90% cal o rific value com pared to die sel. Ni tro gen con tent of the fuel also af fects the 
NOx emis sions.

Higher vis cos ity is a ma jor prob lem in us ing veg e ta ble oil as fuel for die sel en gines. In
the pres ent in ves ti ga tion vis cos ity was re duced by transesterification pro cess. Vis cos ity of
jatropha biodiesel is 4.84 cst at 40 °C. It is ob served that vis cos ity of jatropha oil de creases re -
mark ably with in creas ing tem per a ture and it be comes close to die sel at tem per a ture above 90 °C.

Ex per i men tal data

Ta ble 2. 100% die sel

Load
[N-mtr]

Ma nom e ter
read ing

[cm]

Time taken
for 20 cm3

of FC [s]

FC
[kg·h–1]

SFC
[kg·kW–1h–1]

BP
[kW]

Bth 
[%]

A/F 
ra tio

Ex haust
gas

temp.
[°C]

  0

  2

  4

  6

  8

10

12

14

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

135

  98

  85

  75

  68

  61

  60

  58

0.416

0.573

0.661

0.750

0.826

0.921

0.936

0.968

       –

1.154

0.670

0.503

0.416

0.372

0.314

0.279

0

0.496

0.992

1.488

1.984

2.480

2.977

3.473

0

7.45

12.83

17.1

20.65

23.15

27.35

30.85

56.4

40.9

35.5

31.3

28.4

25.5

25.06

24.2

190

260

270

290

320

345

365

380

Ta ble 3. Esterified jatropha oil

Load
[N-mtr]

Ma nom e ter
read ing

[cm]

Time taken 
for 20 cm3

of FC [s]

FC
[kg·h–1]

SFC
[kg·kW–1h–1]

BP
[kW]

Bth
[%]

A/F
ra tio

Ex haust
gas

temp.
[°C]

  0

  2

  4

  6

  8

10

12

14

2.6

2.6

2.6

2.6

2.6

2.6

2.6

2.6

128

126

109

104

  95

  69

  53

  49

0.523

0.531

0.614

0.644

0.705

0.970

1.263

1.370

            –

1.071

0.619

0.432

0.355

0.391

0.424

0.395

0       

0.496

0.992

1.488

1.984

2.480

2.977

3.473

0

8.0

13.84

19.84

24.84

21.92

20.2

21.73

45.76

45.10

39.00

37.20

33.95

24.70

19.0

17.50

185

190

200

210

225

270

320

360
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Ta ble 4. 75% die sel + 25% esterified jatropha oil

Load
[N-mtr]

Ma nom e ter
read ing

[cm]

Time taken
for 20 cm3

of FC [s] 

FC
[kg·h–1]

SFC      
[kg·kW–1h–1]

BP
[kW]

Bth
[%]

A/F
ra tio

Ex haust
gas

temp.
[°C] 

  0

  2

  4

  6

  8

10

12

14

2.6

2.6

2.6

2.6

2.6

2.6

2.6

2.6

160

142

127

117

110

103

  74

  60

0.368

0.414

0.464

0.503

0.535

0.571

0.795

0.981

      –

0.835

0.467

0.338

0.270

0.230

0.267

0.283

0      

0.496

0.992

1.488

1.984

2.480

2.977

3.473

0 

10.3

18.4

25.44

31.86

37.3

32.2

30.4

65.1

57.76

51.65

47.6

44.74

41.9

30.1

24.4

180

190

200

210

219

224

263

272

Ta ble 5. 50% die sel + 50% esterified jatropha oil

Load
[N-mtr]

Ma nom e ter
read ing

[cm]

Time taken
for 20 cm3

of FC [s]

FC
[kg·h–1] 

SFC      
[kg·kW–1h–1]

BP
[kW]

Bth
[%]

A/F
ra tio

Ex haust 
gas

temp.
[°C] 

  0

  2

  4

  6

  8

10

12

14

2.6

2.6

2.6

2.6

2.6

2.6

2.6

2.6

153

134

122

114

106

  93

  88

  84

0.402

0.459

0.505

0.540

0.58

0.662

0.700

0.733

      –

0.926

0.509

0.362

0.293

0.270

0.235

0.210

0      

0.496

0.992

1.488

1.984

2.480

2.977

3.473

0 

  9.3

16.9 

23.7 

29.32

31.8

36.53

40.9

59.51

52.10

47.70

44.30

41.20

36.20

34.20

32.70

175

190

200

205

220

240

250

260

Ta ble 6. 25% die sel + 75% esterified jatropha oil

Load
[N-mtr]

Ma nom e ter
read ing

[cm]

Time taken
for 20 cm3

of FC [s] 

FC
[kg·h–1] 

SFC      
[kg·kW–1h–1]

BP
[kW]

Bth
[%]

A/F
ra tio

Ex haust 
gas

temp.
[°C] 

  0

  2

  4

  6

  8

10

12

14

2.6

2.6

2.6

2.6

2.6

2.6

2.6

2.6

151

128

117

110

102

  92

  84

  78

0.426

0.502

0.550

0.584

0.630

0.699

0.765

0.824

       –

1.012

0.223

0.392

0.317

0.282

0.257

0.237

0      

0.496

0.992

1.488

1.984

2.480

2.977

3.473

0 

  8.5

15.5

21.9

27.0

30.5

33.4

36.2

56.25

47.7

43.6

4.10

38.0

34.3

31.3

29.1

174

185

195

205

220

230

350

255
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Per for mance and emis sions

The per for mance, com bus tion
pa ram e ters and ex haust emis sions
of the en gine with die sel and
methyl es ter of jatropha oil are
pre sented and dis cussed be low. 

(1) The spe cific fuel con sump -
tion was cal cu lated by fuel con -
sump tion di vided by the rated
power out put of the en gine. In fig.
3, it in di cates that spe cific fuel
con sump tion is lower than the die -
sel for var i ous pro por tions of jatropha oil with die sel at con stant op er ated con di tions. It is ob -
served that min i mum spe cific fuel con sump tion is found to be 0.23 kg/kWh with 25% biodiesel
when com pared to 0.279 kgkWh than that of die sel.

This is due to com plete com bus tion, as ad di tion ox y gen is avail able from fuel it self. The per -
cent in crease in spe cific fuel con sump tion was in creased with de creased amount of die sel fuel in 
the blended fu els. This may be due to higher spe cific grav ity and lower cal o rific value of the
biodiesel fuel as com pared with die sel fuel [6]. The cal o rific value of the jatropha biodiesel was
about 7 per cent lower than that of diesel fuel.

(2) Brake ther mal ef fi ciency is
de fined as ac tual brake work per
cy cle di vided by the amount of
fuel chem i cal en ergy as in di cated
by lower heat ing value of fuel [4].
The brake ther mal ef fi ciency with
biodiesel and its blends was found
to be slightly higher than that of
die sel fuel at tested load con di -
tions. There was no dif fer ence be -
tween the biodiesel and its blended 
fu els on ef fi cien cies. Ther mal ef fi -
ciency of 25% biodiesel is found
to be 42% at peak power out put
when com pared to 33.85% than
that of die sel. The brake ther mal
ef fi cien cies of en gine, op er at ing
with biodiesel mode were 22.2,
30.6, and 37.5 per cent at 2, 2.5,
and 3.5 kW load con di tions, re -
spec tively (fig. 4).

(3) The ex haust gas tem per a ture 
gives an in di ca tion about the
amount of waste heat go ing with
ex haust gases. The ex haust gas
tem per a ture of the dif fer ent bio-
die sel blends is shown in fig. 5. The
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Figure 4. Variation of brake power with brake thermal
efficiency

Figure 5. Variation of brake power with exhaust gas
 temperature

Figure 3. Variation of brake power with specific fuel
consumption



ex haust gas tem per a ture of blended
fu els and biodiesel at 3.5 kW load
con di tion was 19 per cent higher than 
that of 2 to 2.5 kW load con di tions. 

The ex haust gas tem per a ture in -
creased with in crease in load and
amount of blended biodiesel in the
fuel. The ex haust gas tem per a ture
re flects on the sta tus of com bus tion
in side the com bus tion cham ber [12]. 
The rea son for raise in the ex haust
gas tem per a ture may be due to ig ni -
tion de lay and in creased quan tity of
fuel in jected. The ex haust gas tem -
per a ture can be re duced by ad just ing 
the in jec tion tim ing/in jec tion pres -
sure in to the die sel en gine.

(4) The carbon dioxide emission
from the diesel engine with different 
blends is shown in fig. 6. The CO2

increased with increase in load
conditions for diesel and for bio-
diesel blended fuels. The jatropha
biodiesel followed the same trend of
CO2 emission, which was higher
than in case of diesel. The CO2 in the
exhaust gas was same for jatropha
biodiesel blended fuels and jatropha
biodiesel.

(5) The CO emission from the
diesel fuel with biodiesel blended
fuels and biodiesel is shown in fig. 7.

The CO re duc tion by biodiesel
was 17.5, 17, 16, 14, and 14 per cent
at 1, 1.5, 2, 2.5, and 3.5 kW load con -
di tions, re spec tively. With die sel
fuel mode the low est CO was re -
corded as 610 ppm at 1.5 kW load

and as load in creased to 3.5 kW, CO also in creased to 898 ppm. Sim i lar re sults were ob tained for 
biodiesel blended fu els and jatropha biodiesel with lower emis sion than die sel fuel. The amount
of CO emis sion was lower in case of biodiesel blended fu els and biodiesel than die sel be cause of 
the fact that biodiesel con tained 11 per cent ox y gen mol e cules. This may lead to com plete com -
bus tion and re duc tion of CO emis sion in biodiesel fu elled en gine [20].

(6) Fig ure 8 shows the variation of NOx with respect to brake power. At higher power
output conditions, due to higher peak and exhaust temperatures the NOx values are relatively
higher compared to low power output conditions.

A slight in crease in NOx is ob served for blends of esterified jatropha die sel com pare to
die sel. The rea son may be due to late burn ing of blends of MEJ-Die sel dur ing ex pan sion [6].
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Fig ure 6. Vari a tion of brake power with CO2

Fig ure 7. Vari a tion of brake power with CO

Fig ure 8. Vari a tion of brake power with NOx



The rea son for in crease in NOx with
re spect to esterified jatropha die sel
may be due to sus tained and pro -
longed du ra tion of com bus tion as so -
ci ated with re duc tion in com bus tion
tem per a ture.

(7) Fig ure 9 rep re sents the vari a -
tion of smoke with re spect to brake
power. Smoke in creases with in -
crease in brake power. Smoke emis -
sion was lesser for blends of
esterified jatropha die sel com pared
to die sel. This may be due to late
burn ing in the ex pan sion and ex haust. When per cent age of blend of biodiesel in creases, smoke
den sity de creases, but smoke den sity in creases for B50 and B75 due to in suf fi cient com bus tion.
It re quires changes in in jec tion pres sure and com bus tion cham ber de sign [14]. 

Con clu sions

A sin gle cyl in der com pres sion ig ni tion en gine was op er ated suc cess fully us ing methyl 
es ter of jatropha oil as the al ter na tive fuel. The fol low ing con clu sions are made based on the ex -
per i men tal results.
– Engine works smoothly on methyl ester of jatropha oil with performance comparable to

diesel operation.
– Methyl ester of jatropha oil results in a slightly increased thermal efficiency as compared to

that of diesel. 25% of biodiesel blend was found to be optimum concentration, which
improved the thermal efficiency of the engine by 19%, reduces emissions and specific fuel
consumption. This is due to better combustion.

– The exhaust gas temperature is decreased with the methyl ester of jatropha oil as compared to 
diesel. 

– CO2 emission is low with the methyl ester of jatropha oil.
– CO emission is low at higher loads when compared with the methyl ester of jatropha oil. 
– CO and CO2 emissions of 25% biodiesel are found to be in between diesel and neat biodiesel.
– NOx emission is slightly increased with methyl ester of jatropha oil compared to diesel. 
– There is significant difference in smoke emissions when the methyl ester of jatropha oil is

used. Smoke emission when run on 25% biodiesel was observed to be minimum at lower
power outputs.

This methyl es ter of jatropha oil along with die sel may re duce the en vi ron men tal im -
pacts of trans por ta tion, re duce the de pend ency on crude-oil im ports, and of fer busi ness pos si bil -
i ties to ag ri cul tural en ter prises for pe ri ods of ex cess ag ri cul tural pro duc tion. On the whole it is
con cluded that the methyl es ter of jatropha oil will be a good al ter na tive fuel for die sel engine
for agricultural applications.
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Fig ure 9. Vari a tion of brake power with smoke
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