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ABSTRACT
Non edible seed oil species like Bombax ceiba (BC), Annona cherimola (AC) and Agave americana (AA)
plant species yields 39%, 43% and 20 % seed oil respectively. The molecular weight of oil is calculated based
on the percentage component fatty acids of the seed oils. The important parameters of bio-diesel such as
iodine value (IV), cetane number (CN), lower heating value (LHV) and higher heating value (HHV), Cold-
filter plugging point (CFPP), Cloud Point (CP), Pour point (PP), Degree of unsaturation (DU), Kinematic
Viscosity (KV), Flash point (FP)  of these Fatty Acid Methyl Esters (FAMEs) are empirically determined.
The bio-diesel property of Fatty Acid Methyl Esters (FAMEs) of these seed oils is compared with standard
bio-diesels which confirmed the suitability of these seed oils for the generation of biodiesel. The seed oils
selected in this investigation convene the major specification of biodiesel standards as per American (ASTM),
Germany (DIN) and European (EN) standard organizations. This work reports the suitability of these
candidates for the synthesis of bio-diesel.
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INTRODUCTION
The demand of fossil fuels especially diesel, is increasing throughout the world and at an alarming rate. It is
expected that these fossil fuels may extinguish in the next few decades. It has instigated the scientists to
search for an alternative fuel for diesel engines.  Among the various biomass fuels, plant seed oil derived
biodiesel seem to be most promising as a substitute for the petro-diesel [1,2]. Biodiesel has become more
attractive recently because of its environmental benefits and the fact that it is renewable. Biodiesel also is
non-toxic, biodegradable, non-polluting, and relatively harmless to the environment. Approximately 80% of
the global fat production is vegetable oil, and 20% is of animal origin . Biodiesel is produced by the reaction
between vegetable oil or animal fat and alcohol in the presence of catalyst. Biodiesel is given serious
consideration as potential sources of energy in the future, particularly in developing countries like India [3] .

The use of edible oils like sunflower oil, palm oil, peanut oil, etc. to produce biodiesel in India is not feasible
in view of food security.  In countries like India, only the non edible oils can be used for production of
biodiesel. These seeds are produced in appreciable quantities on non-cropped marginal lands & waste lands.
Seeds which yield more than 20% oil contribute significantly for biodiesel production [4].
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After literature survey selected three different seed oils: Bombax ceiba (BC), Annona Cherimola (AC) and
Agave Americana (AA) [5]. Bombax ceiba (BC), Annona cherimola (AC) and Agave americana (AA) plant
species yields 39%, 43% and 20 % seed oil respectively. The fatty acid composition of all these seed oils
collected from literature [5] (Table 1).

Bombax ceiba (BC)
Bombax ceiba grows to an average of 20 meters, with old trees up to 60 meters in wet tropical regions. The
trunk and limb bear numerous conical spines particularly when young, but get eroded when older. The leaves
are palmate with about 6 leaflets radiating from a central point, an average of 7~10 centimeters wide, 13~15
centimeters in length. The leaf's long flexible petiole is up to 20 cm long. Cup-shaped flowers solitary or
clustered, axillary or sub-terminal, fascicles at or near the ends of the branches, when the tree is bare of
leaves, an average of 7~11 centimeters wide, 14 centimeters in width, petels up to 12 centimeters in length,
calyx is cup-shaped usually 3 lobed, an average of 3~5 centimeters in diameter. Staminal tube is short, more
than 60 in 5 bundles. stigma is light red, up to nine centimeters in length, ovary is pink, 1.5~2 centimeters in
length, with the skin of the ovary covered in white silky hair at 1mm long. Seeds are numerous, long, ovoid,
black or gray in colour and packed in white cotton.The fruit, which reaches an average of 13 centimeters in
length, is light-green in color in immature fruits, brown in mature fruits. Spikes on stem can be ground and
applied to face for treatment against acne [6].

Fig. 1a seeds Fig. 1b seeds

Annona Cherimola (AC)
Annona cherimola is a fairly dense, fast-growing, woody, briefly deciduous but mostly evergreen low
branched, spreading tree or 5 metres (16 ft) to 9 metres (30 ft) tall. Large green conical or heart-shaped
compound fruit 10 centimetres (3.9 in) to 20 centimetres (7.9 in) long, and diameters of 5 centimetres (2.0 in)
to 5 centimetres (2.0 in), with skin that gives the appearance of having overlapping scales or knobby warts.
Ripening to brown with a fissured surface from winter into spring; weighing on the average
150 grams (5.3 oz) to 500 grams (18 oz) but extra large specimens may weigh 2.7 kilograms (6.0 lb) or
more. The ripened flesh is creamy white and contains numerous hard, inedible, brown or black, beanlike,
glossy seeds, 1 centimetre (0.39 in) to 2 centimetres (0.79 in) long and about half as wide [7,8].

Fig. 2a Fruit and seed Fig. 2b Seeds
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Agave americana[ AA]
Ninety-nine percent of the agave growers in the Phoenix area seem content to grow only A. americana. In
many cases the best way to reproduce agaves is to grow them from seed.  Agave seeds are flat (usually) and
black in color.  I have occasionally gotten off-color (brownish) seeds to germinate, but they are usually not
worth the effort.  Agave seeds vary considerably in size usually reflecting the size of the mature plant.  The
smallest seeds (several species) measured less than 2 mm. in maximum diameter [9].

Fig. 3a Seeds Fig. 3b seed

Table 1. FATTY ACID COMPOSITION OF SEED SPECIES UNDER INVESTIGATION

SL

NO
Seed

species
%
Oil

% Fatty acid composition

Saturated fatty acids Unsaturated fatty acids Unusual fatty acids

14: 0

Mysristic

16:0

Palmitic

18:0

Stearic

16:1

Palmitoleic

18:1

Oleic

18:2

Linoleic

18:2

Malvalic

18:3

Ricinoleic

19:1

Sterculic

1 BC 39 2.6 33.0 15.3 - 25.7 - 13.2 - 10.2

2 AC 43 1.5 19.4 22.1 - 39.7 6.8 - 14.8 -

3 AA 20 - 31.4 3.0 2.6 21.6 27.8 2.5 7.5 3.4

METHOD
COMPUTATIONAL ANALYSIS OF BIODIESEL PROPERTIES OF SEED OILS:
Mathematical models (which are substantiated with the experimental results) from the literature are deployed
for evaluation of the fuel properties of seed oils under investigation. The biodiesel properties viz. iodine value
(IV), ceatne number (CN), higher heating value (HHV), lower heating value (LHV), cloud point (CP), pour
point (PP), cold filter plugging point (CFPP), degree of unsaturation (DU), kinematic viscosity (KV)  and
flashpoint (FP) of the processed seed oils have been computed and compared with existing biodiesels for their
fuel properties. The assessment is in respect of biodiesel standards like ASTM, DIN D 6751 and EN14214
methods.

The procedures used to experimentally determine the quality parameters of a biodiesel are lengthy and
expensive. Occasionally it may be impossible to obtain a sufficient amount of oil for relevant analysis. Hence
a theoretical approach which is substantiated with the experimental evidences is a useful technique. Various
researchers contributed meticulously the theoretical approaches which are major tools for screening the seed
oils (based on their fatty acid profile) for biodiesel production (Table 2).
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Table 2. SCREENING OF BIODIESEL PROPERTIES OF SEED OIL UNDER INVESTIGATION
USING FOLLOWING EQUATIONS

Eq
No

Equation Denominations Ref.

1 Molecular weight of oil:

MWoil = 3 (MWi) + 3 (MWglycerol) – 3(MWwater)

where MWi = molecular weight
of each fatty acid

[10]

2

Saponification value:

SV  = 
wi

i

M

A561.06 x

where, Ai is the % of component
fatty acids, Mwi is the molecular
mass of each component

[11]

3

Iodine value:

IV = 
wi

idb

M

AN253.81 xx

where, Ai is the % of component
fatty acids, Ndb is the number  of
double bonds, Mwi is the
molecular mass of each
component

[11]

4

Cetane Number:

CN  = 46.3 +
SV

5458 – 0.225 x IV

where, SV is saponification
value and IV is iodine value

[12]

5 Higher heating value:

HHV = 49.43 – (0.015 x IV) – (0.041 x SV)

where, SV is saponification
value and IV is iodine value

[13]

6

Lower heating value:

LHV = 0.0109
3

O
C







 – 0.3516

2

O
C







 +  4.2000









O
C + 21.066 – 0.100 Ndb (i)

Also,

LHV = 0.0011
3

O
H







 – 0.0785

2

O
H







 +  2.0409 








O
H

+ 20.992 – 0.100 Ndb (ii)

where, C is the number  of
carbon atoms, H is the number
of hydrogen atoms, O is the
number of oxygen atoms and Ndb

is the number  of double bonds.

[13]

7 Cold filter plugging point:

CFPP = – 0.561 × UFAME  + 43.967

where, UFAME is %
unsaturation of FAMEs

[13]

8 Cloud point:

CP = – 0.576 × UFAME  + 48.255

where, UFAME is %
unsaturation of FAMEs

[13]

9 Pour point:

PP = – 0.626* x UFAME + 45.694

where, UFAME is %
unsaturation of FAMEs

[13]

10 Degree of unsaturation:

DU = MUFA + (2 × PUFA)

where, MUFA is the amount of
monounsaturated fatty acids
PUFA is the amount of
polyunsaturated fatty acids

[13]
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11 Kinematic viscosity:

KV = 0.235 x Nc - 0.468 x Ndbw

where, Nc is the weighted
average number of carbon
atoms and Ndbw is the weighted
average number of double
bonds

[13]

12 Flash point:

FP = (23.362 x Nc) + (4.854 x Ndbw)

where, Nc is the weighted
average number of carbon
atoms and Ndbw is the weighted
average number of double
bonds

[13]

RESULT AND DISCUSSION
Table 3. COMPARISON OF BIODIESEL PROPERTIES OF SELECTED SEED OIL
(CALCULATED) WITH ALREADY EXISTING BIODIESEL AND PETRODIESEL

Biodiesel
property

Seed oil species under this
investigation

Existing biodiesel /diesel

Bombax
ceiba

( BC)

Annona
cherimola

(AC)

Agave
americana

(AA)

Soyabean*

(SB)

Rapeseed*

(RS)

Sunflower*

(SF)

Petrodiesel

(PD)

% Seed oil 39.0 43.0 20.0 19.0 43.0 44.0 NA

Mol. Wt. of oil
(g/mol)

905.4 921.5 909.8 920.6 926.7 924.9 NA

SV
(mgKOH/100g)

205.7 201.6 204.4 201.0 199.8 200.3 NA

IV

(mg I2/100g)
43.8 56.6 83.9 120.5 108.1 132.1 NA

DU 62.3 97.7 110.7 98.2 126.8 130.3 NA

CN 63.0 61.0 54.00 50.9 52.0 47.0 42.6

LHV (MJ/kg) 38.1 37.8 37.7 - - - 43.1

HHV (MJ/kg) 40.3 40.3 39.8 39.5 37.6 40.5 46.0

CFPP (0C) 16.4 11.9 7.2 -3.0 -2.0 -6.6 -

CP (0C) 20.0 15.4 10.50 2.5 -3.6 -2.6 -

PP (0C) 14.8 9.9 4.5 -4.1 -10.2 -9.2 -

KV (mm2/s) 3.8 3.8 3.6 3.4 3.6 3.6 3.1

Flash point
(FP)

407.0 413.1 409.2 389.5 425.0 420.6 393.0

*in the table 3 indicates the values taken from refrence [13]
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Seed oils such as BC,AC and AA are taken for this analysis. The fatty acid composition of the seed oils is
shown in Table 1. Based on the percentage component fatty acids present in the seed oil the biodiesel
properties like DU,IV,SV, CN,HHV,LHV, KV, FP, CP,PPand CFPP are calculated using equations as shown
in table 2.

Fatty acid composition of the seed oils shows that AA contains higher percentage of unsaturated fatty acids
(65.4%) than that of AC (61.3%) and BC (49.1%). Higher the unsaturation higher is the DU. Hence IV of seed
oil AA is higher as compared to IV of BC and AC. It reveals that IV increases with increase in unsaturation.
According to EN14214, IV should not exceed 120 mg I2/100g. The seed oils under investigation have IV less
than the limitation laid by EN14214. IV value of the seed oils are compared with already existing biodiesel
(Fig.4).

Fig. 4

Molecular weight of the seed oils are calculated using equation given in table 2. Molecular weight of the seed
oil is calculated based on percentage component of fatty acid in the seed oil (table 3). There is consistency in
SV. SV depends on molecular weight and percentage component of the seed oil. SV increases then molecular
weight decreases. It is shown in table 3.

CN indicates combustion quality. CN is calculated using equation given in table 2 As per ASTM standard CN
limited to 47 and according to US standard upper limit for the CN is 65. The CN decreases in the order
BC>AC>AA (table 3). It is because CN decreases with increase in unsaturation. CN of the seed oils compared
with already existing biodiesel and petrodiesel (Fig.5).

Fig. 5
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HHV and LHV are calculated as the equqtion mentioned in table 2. These two factors indicates the energy
content of the fuel. It depends on C, H and O content in the FAMES of the seed oil. HHV of the seed oils is
compared with already existing biodiesel and petrodiesel (Fig.6). It shows that HHV of the seed oils is less
than HHV of the petrodiesel but more than coal (32-37MJ/kg). LHV of  the seed oils is also less than that of
the petrodiesel. HHV and LHV are less because of presence of inbuilt oxygen present in the structure of the
bodiesel.

Fig.6.

The cold flow properties of the FAMES of the seed oil are depending on climatic conditions. There is no fixed
range for the cold flow properties like CP, PP and CFPP. The CP, PP and CFPP are compared with already
existing biodiesels shows that these values are on higher side and are not suitable for cold temperate regions.
But with addition of additives these can be used in engine. Comparison of CP of FAMEs of seed oils with
already existing biodiesels is shown in Fig 7. CP of BC is higher side compared to AC and AA. It is because of
higher CN of BC.

Fig.7

KV of the FAMES of the seed oils are compared with already existing biodiesels (Fig. 8). According to
ASTM standards the KV range for biodiesel is 3.3-5.2 mm2/s [11]. The comparison shows that the KV of
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FAMEs of the seed oils are within the limit as per ASTM standard. But KV of FAMEs of seed oil are  slightly
on higher side as compared to KV of the petro-diesel.

Fig.8

FP of the FAMEs of the seed oil is useful in safe handling of fuel during storage and transportation. FP
prescribed for diesel and biodiesel are 303-353 K (ASTM D975) and 373-443K (ASTM PS 121) respectively.
FAMEs of the seed oils are fulfill the expected FP range and are compared with already existing biodiesels
and petro-diesel (Fig.9)

Fig.9.

. CONCLUSION
The above analysis shows that the calculated values of biodiesels properties of FAMEs of the seed oils under
investigation (BC, AC and AA) using % component of fatty acids presentin seed oils meet major specifications
of European standards EN14214 and ASTM American standards. Hence these seed oils under investigation
are suitable biomass sources for the production of biodiesel.
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