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Coconut oil as biofuel for diesel engines 
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Self uffi ciency in energy requirement i a cri ti ca l fador 
iorthe success of any growing economy. W ith respect to 
the increas ing rate of en ergy consumption, dependence 
Oil fo ss il fuels will necessa rily have to be reduced. Inel ia 
dS th Ih larg I en ergy co n. Ll mel·, is importing almost 
70 0t , of its rude o il requirement ( 0 million tonn s) 

and th e statisti cs indi ca te th at this trade would ri se to 
95 "/" by 2030. It is a paradox th at, with a rich natural 
biomass resource that ca n be converted in to renewable 
energy, the import trade of th e country for petroleum 
product remains exorbitant. H ence the search ior new 
alternative source for fuel from nature, that is renewclu le, 
safe dnd non- polluting has becom e a part of innova ti ve 
,'esearch today. Even though, differ nt research agenc ies 
of th e cou ntry have m ad e seve ra l att(Ompts in th e 
prociuction of biodiesel from oil crops under nat iondl 
miss ion on biodiesel by Ministry of Rural Deve lopment, 
1I 01lP of them have come o ut at commercial level with 
,lCcepted techni CCll feasibility with that or diesel India 
has ~ I good number of trad ition al o leaginous crops that 
can yield o il for both domestic and industri al purposes. 

As a renewabl energy resource, vegetab le o il s are the 
most prom is ing alterna ti ve fo r making b iofue l. Th e use 
oivegPtdble oi l in combustion igniti on engine ((IE) was 
first demon strated by using peanut o il in diesel en gine . 
The dil'ect use o f pea nut, coconut, soybean, sunflower 
oil , palm, linseed dnd rape seed o ils as fuel have uC't'n 
attelllptpd by man y research ers. Howeve r, the higher 
viscosity and other physico chemical features of the o il s 
have limi ted its usage in engines for long term . Since 
trans-esterifi cat ion proces s of the oil for making esters 
was found more compatible with the propert ies offuel, 
the esterifi cation process of vegetable o ils have been tried 
in the production of biofuels. 

The nutriti ona l, therapeutic and industrial qualities 
of coconut oi l, the com mercia l viab ility of non lipid 
compon ents of coconut and the perennial nature of 
yip lding of the coconut palms make the crop unique from 
other trop ica l oleag if1 ous crops. The main foc us of the 
previous reports on production of biofuE'1 from coconut 

oi I was the trans­
esterificati on of the oil 
to ethyl and methyl 
e ters fo r blending it 
w ith d iesel in vehicl es . 
An independent search 
on the standardization 
of the trans­
este rifi ca tion of 
co c o nut o il w ith 
resp ect to yie ld of 

M E, ph y si .0 

chem ical proper1i es of 
(ME re lated to fuel 
quality and it s 
tech 11 ica I feasibi I ity as 
biofuel in ( IE w ithout 
an y alterat ion has not 
been attempted to cL~te 
sc ien tifica ll y. Therefore a detai led analysis of the coconut 
o il and the esters is inev itable for determining the 
functional efficxy of (ME as b iofuel.SCMS Institu te of 
Bioscienu' & i:3 iotechno logy Research & Deve lopment, 
Kochi had made efforts to produce coconut methyl ester 
( M E) dnd glycero l from co onut o il an d to analyze the 
physi co-eh m ica l features of ( M E fo r determ ining its 
technical feasibility as b io fuel in diesel engine. 

Extraction of the coconut oil 

Matured coconuts (11 - 12 month s) were harvested 
from healthy coconut palms and deh usked. The dehusked 
nuts w ere b roken into two halves and dried in a hot air 
oven for eight ho urs fo r deshelling. Initi a ll y the 
temperature of the hot air oven was kept at 90 0 

( for 
th ree hours for fast recovery of moisture and th C'n reduced 
the temperature to 70 0 e for avo iding the brown ing of 
the endosperm. After proper d ryi ng, the deshelled dry 
endosperm (cop ra) was fed into an expell er machine for 
th e extract ion of the 0 i I. The qua I ity of cocon ut o i I was 
ensured by determining the par'ameters like moisture, 
lipid composition, fatty acid profile , iod ine va lue, 
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saponification value and peroxide value by AOCS and 
IUPAC methods. 

Production of Coconut methyl ester 

A known volume of coconut oil (FFA less than 0.1 
%) was measured and heated separately at 90°C for 20 
minutes for complete dehydration of the oil. 

The catalyst used for the reaction is sodium 
methoxide. For standardizing the concentration of 
methanol and sodium hydroxide, several trial s were done 
usinga range of 5-25% methanol and 0.5-1 ,5 % NaOH, 
The methanol- alkali mixture was blended by continuous 
gentle agitation at 700 rpm for 20 minutes. The alcohol­
alkaline solution was prepared freshly in order to maintain 
the catalytic activity and to prevent the moisture 
absorbance. 

The freshly prepared methoxide solution was slowly 
charged to the preheated oil and the reaction vessel was 
connected with water condenser for avoiding evaporation 
of methanol, The temperature of the reaction was 
optimized by setti ng up the reaction at varied temperature 
ranging from 70-84° C. The reaction s were continued for 
one hour at a constant speed (700 rpm), for the completion 
of the methyl ester formation, 

After completion of the reaction , the reaction mixture 
was allowed a settling time of 8-10 hrs in a separate 
funnel. Two layers were obtained with a top layer of 
Coconut Methyl Ester (CME) and the bottom layer of 
sodium salt of glycerol with other organics, The crude 
glycerol layer obtained was decanted out and used for 
further separation of glycerin while the top CME layer 
was used for further purification 

The recovered coconut methyl ester layer contain s 
traces of the catalyst l'iaOH and methanol. For removing 
the alkali, the CME layer was washed gently with hot 
water. The process was repeated for 6 - 7 times, till it 
became neutral. The neutral CME was distilled under 
vacuum for removing the traces of methanol and water 
present in the ester. 

The pH of the collected glycerol layer from the reaction 
was reduced to 5-6 by the addition of phosphoric acid, 
After acidification , the mi xture was kept for settling for 
12 hours. After settling, two layers appeared a bottom 
layer of inorganic salts and glycerol and a top layer of 
impurities. For the partial purification of glycerol, the 
bottom layer was neutralized with 5M NaOH and the 
inorganic salt present in the layer was preCipitated by 
the addition of methanol. The precipitate was filtered 
out and the filtrate that contains glycerol was distilled 
for removal of methanol for obtaining partially purified 
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glycerol, The amount of glycerol was determined b 
colorimetric method, 

The physico chemical properties of CME as again 
BIS speCifications of biodiesel were analyzed at Koch 
Refineries and Sharat Petroleum Cooperation Limited 
Cochin. The data was compared with the biodiese 
standards, India. 

The functional property of the CME was checked in 
new diesel vehicle (TATA Ace -Magic) and the torqu 
and power of the diese l vehicle using CME was checke 
on a Dynamometer. The torque@nm and power@bph 0 

the vehicle using CME were determined and compare 
with the specification stipulated by the manufacturer, 

Physico chemical characteristics of coconut oil 

Coconut oil was extracted from dried copra processe 
from fresh mature nuts by effective expeller extractio 
procedure and an average yield of 68-70% was obtaine 
at each trial. 

Table 1 demonstrates the physico chemical propertie 
of the expeller extracted cocon ut oi I. The trace amou r 
of free fatty acid (FFA- 0.1 %) and the moisture (0.05°/, 
content showed the stability of the oil for storage. Th 
saponification and iodine values (250 and 8) of the 0 

Table 1 Technical specifications of the new diesel 

veh icle - TAT A Ace-Magic 

Engine Type 4 Stroke, NJturall y aspirated, Indirect 
injection, Water cooled dips<'1 enginc' , 

En gine Capac ity (CC) 702 

Emi ssion Norms BSIII and BSIV 

Power (H P at rpm) 16 at 3200 rpm 

Torqu e (Nm at rpm) 38 at 2500 rpm 

indicate the presence of higher level of saturated lipids, 
The lipid composition of extracted oil exhibit a profile 
of 95,6% -tri-acyl glycerides (TAG), 0 ,57 % -di acyl 
glycerides (DAG), 3.4%- polar acyl glycerides, 0.04% 
phospholipid s, 0 .02% glycolipids and traces of mono 
acyl glycerides (MAG), The fatty acid profile of coconut 
oi I reveals the content of short and long chai n fatty acids 
with 93% saturated lipids and the remaining unsaturated 
(Table 2). 

The distribution of short chain fatty acids of Laur,ic 
(47,2 %), Myristic (19.42 %), Caprylic (8 .21 %) and 
Capric (5.59 %) acids exhibits the uniqueness of coconut 
oil in comparison with other vegetable oils . 
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The transesterifcation (TE) reaction of the oi I was 
standJruized by doing more than 50 trials with a capacity 

Table 2 Physico chemi ca l propert iL~~ of coconut oil 

Propertie Test values 

Moi<; ture COl l t(' nt 0.05% 

r re(' fa lty Ac id (m g K H/glli l 0.1 % 

Density (gmkc) 0.920 

Sdpon ificati on Va l Li e 249.4 

Iodine Val ue 7.7 

f'proxide Va lue 1'< i I 

Refracti ve index 145 

~on saponifica ble matter 0.05-0 .1 % 

of three Iitres for opti m izi ng the 111('lhoxide composition, 
temperature of th e I-eaction and the yield of CME and 
glycerol. For the reaction 15 % rnethano l w ith 1 '10 sod i um 
hydroxide was found adequ ate for gelling max imum 
catalyti c effect (Fig. 1a & b). 

Temperature range of the reacti on was op ti m ized by 
performing th e reaction s at vari ed temperature ranging 
from 70-84 ° and the temperature at 76° C w as found 
critical for getting max imum y ield of CM E (Fig. 2 ). 

Table 3 demonstrates the mean value o f the material 
bal ance and each value is the mean of fi ve repeats. A n 
average yield of 900 ml CME Jnd 115 ml glyce rol were 
re cove r d from one litre of co co nut oi I b y 
transesterifcation . No difference w as observed in the 
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amount o f puri f ied CME aft .r the recovery of methanol 
and moi stu re by separati on and d ist i l lation pr cess ing. 

Biofuel Quality of eMf 

Temperature (0C) 

In order to ascertain the characteri stic features of CME 
as a b iofuel , the physico hem ical prope rti es of CME WdS 

anal yzed against 81 specifi cations fo r bi od iese l (Tahle 
4). 

The main criterion of bi ofuel quality is the i ncl u ~ io ll 

of its ph ysi cal and c hemical pro pert ies in to th e 
requirements of the adequate standard. Though the current 
standard s for regulating the quality o f biofu Pl s va ry from 
region to regi on, their simil arity with the existi ng d ies I 
fuel stand ard s common in the regions w ill be cruc ial in 
determ ining the fuel quality . The test va lues strongly 
suppo rt the function al similarity of ME w ith thdt of 
diesel as per the requirement of fuel quality . 

Cetan e number (CN) o f CM E i observed as 4 2 .1. As 
th e primary indicato r of ignition quality f fuels, the 
op timal ran ge of th e CN w as id ntified in between 41­
56 based on the global b iodi esel standard . Th ce tane 
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Table 3 Fatty acid composilion of coconut oil 

Fatty acid Name Composition (%) 

Caproic acid (C6:0) 0.37 

Caprylic dcid (C8:0) 

Capri c ac id (00:0) 

8.21 

5.59 

l auri c Ac id (C 12:0) 

M yristic acid (C 14-0) 

Palmitic deid (C16: 0) 

Stearic deid (C18 :0) 

O leic aci d (C18: 1) 

47.08 

19.42 

7.80 

4.29 

4.30 

Li noleic acid (C 18: 2) 

Arachidic ac id (C20:0) 

1.81 

1.03 
- -­

Table .:I- Yie ld or CME at differen t batches of transesterifcation with cons ta nt tem perature (76 °C ) and 
conce nlratioll of mcthox ide (l 5% ) and NaO I-I (l %) 

Particulars Temperature CME (ml 11000 mJ 
Coconut oil) 

Glycerine 

Batch-I 76 886 ± 0.05 122 ± 0.012 

Bdtch-II 76 91O ± 0.0316 11 5± 0.022 

Batch-III 76 880±0.04 118 ± 0.012 

Batch- IV 76 910 ± 0.0332 118.4 ± 0.009 

Batch-V 76 904 ± 0.068 109.8 ± 0.026 

Batch- VI 76 898± 0.08 117.4 ± 0.022 

Batch- VII 76 904 ± 0.068 110 ± 0.030 

Batch-VIII 76 894 ± 0.051 
I 

115 ± 0.025 

Ba tch- IX 76 908 ± 0.038 

, 

110 ± 0.035 

Batch-X 76 906± 0.51 1 14.4 ± 0.032 I 

AVe 900 ml 115 ml 

number of biofuel depends on the molecular structure of 
the vegetab le oi l, the degree of unsaturation, number of 
ca rbon atoms and th e nature of alcohol used for 
esterification of the oil. The cetane number 42 of CME 
sUpfJorts the recommended value. 

Density of CME was found very close to that of 
biod iespl. Since density is st ro ng ly in f luenced by 
temperatu re, the qua lity standards state the determination 
of rlensity at 15 °C. As an effective paramete r of fu el 
quality, the density direct ly affects the fuel performan ce. 
qual ity of atomi zation an d combustion. 

Viscosity is a crucial factor of liq uid fuels that can 
highly influence the ease of starting the engi ne, the spray 
qual ity, si ze of the particles, the penetration ofthe in jected 
jet Jnd the quality of the fu el-air mi xtu re, combustion. 
The similarity observed in the viscosity of CME with diesel s
strongly indicates the sm ooth operational power of the 
fuel. 

O ne of the main att ractions of fuel qual ity, the pour 
poin t (PP) and co ld filter plugging point (CF PP) property 
of the CME was found supportive to biodiese l as per the 
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standards. Since the PP and CFPP val ues represent the 
cloud flow performance of th . flwl for Cl E (compression 
ignition enginel, the va lues of CME supports its efficiency 
as biofue l in co lel environment. 

The similarity observed in the fl ash point of CME 
(96 °C) and biodi esel indicate the ab ilit of ignit ion. 
Ivloreove r, it makes the fuel comfortab le du ring storage, 
transportation and hand ling. The range o f fl ash poi nt 
recommended f r the fuel is 93°C to 120°C. The values 
of lubri city, ox idat ion stabi l ity, water ant nt and ac id 
valu e of CME showed a compet nt nature with biodiesel 
standards and the val ues support its excell ence as a good 

By pr6(;luc;J : 

biofuel. The low carbon res idue, minimal acid ity em I 
th absence of sul phur elements add more pos itiveness 
in the quality of ( M E than oth er methyl este rs and it 
may elevate (MEas an ecofriendly fue l. 

As a pi nt methyl ester (PMEL a comparative ana lysis 
of physico chemi cal properties of (ME was don with 
other methyl est rs of oil seeds li ke Jatropha, Ka ran ja, 
Oil palm, Cotton seed, sun fl ower and Soyabean based 
on their earli r reports. Tab le 5 demo ll st ra te the 
preparation of CME with that of other plan l methyl esters. 
The vdlues w ere fu rth er compared with that of diese l. 
The properti es of CME Viz . Kinenl ati c vi cosity, ac id 

Tabl 5 Physicochemical properties of Coconut methyl ster against biodiesel stanuard . 

Sl No Test Test values Standard Biodiesel 

1 Acidity (inorganic) Nil 0-0 .5 

2 Acidity (Total) 0.24 mg/KOH/g 0.2-0.5 mg/KOH/g 

3 A'ih Nil 0 

4 Carbon residue (Ramsb ttom) 

on 10% rcsidu <0.1 0.3 

5 Cetane Number 42.1 4 1-56 

6 Cetane index 40.20 -

7 Cold f ilter plugging point <-9 -4-+3 'T 

8 Copper stri p corrosjon, 3Hrs@ lOO°C Ib Jb 

9 Densi ty @ lSoC 884.3 kghn 3 860 -900 Ko/m3 
t> 

10 Flash poi nt (AbeIlPMC) 96°C 93 -l20°C 

11 Kinematic Viscosity @ 40°C 3.65 cST 3.5-5.0 cST 

)2 Lubricity, corrected wear scar 

di meter (WSD) @ 60°C IS I Microns 150­ 155 Microns 

13 Oxidation Stabi) ity 14 g/m3 12- 160/m3 
t> 

14 Pour Point -3 °C -3 - 0 Cl C 

15 1btal contaminati n 13 mg/Kg 24 mg/Kg 

16 Total .·ulphur Nil 0.00 I - 0 .05% 

17 Water Content 500mg/Kg 500 mol Kg 
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value, flashpoint, pour point and the cetane number were 
found cl ifferent an J uni que campe.ned to other PME. At 
the same time, the si milarity obserw ri between the 
properties of d iese l and CM E reflects th t~ biofuel quality 
of CME. It is poss ib le to interp ret that the uniqueness 
noticed in th e CME may be due to tht' i1i,gher percentage 
of short ch ain of fatty acids and lipid sa l uration , and 
other physi cochem ical properties of coconut oi f. 

From the quality analysis of Coconut Methyl Ester, a 
posit iVC' funct ional correl ation w as observed between 
COCOllut methyl ('Is ter and the performan ce of CME as 
fuel. As the first phase, CM E was used as fuel in a diesel 
f'ng ine te:, t ti g of m atado r vehicl e without any 
modification to the engine system or fuel lines. The engine 
stdrted and achieved maximum rpm and was st,)hle across 
vdri OllS accele ratory inputs without any unusual sound 
or missing. The engine stopped when the ignition was 
switched of!. The fun ctional test of coconut mf'thyl ester 
prov ided it pos itive sign for using CM E as d fuel for road 
tri als in a n('w d iesf'1 veh iele. Table 6 shows the technica l 
specifi cat ion of the new vehicle. The torque and the power 
of the vf'hicle usi ng di esel as fuel is recorded as 16@ 
3200 rpm and 38@ 2000 rpm. The successful pa rt of an y 
prospective biofuel is, whether an engine using the biofuel 
wi ll perform similarly or bettf'r than an engine using 
normal ga~o line based diesel . With respe ct to the 
simil <t l·ity noti ced in the functional feat ure of e M E as a 

biofuel, as per the sta ndards, the CME was used in a the therrn tl 
diesel engine of a new veh icle (TAT A Ace Magic-diesel\ thC'vC'hi ci 
for detelmining its technical feasib ility . The torq ue and of using C. 
the power of the engine were determined using CMEas a as foll ow.; 
fu el in th e new veh icle. It was reported that, performan ce CME (", 
of any fuel can be Judged by power and torque output . AI 

. h d eng lilt-'. 
that It can generate. T e test run was one on TAT A Ace f I ' 

. I· I I· I d fl· · ue <;vs,en Maglc-cl ese Ve ll e e on yndmometer orc etermlnlng 
the pOWf' r and torque as aga inst the specifi cati on s of the No 11 

manufacturer of the vehicle. The power and the torque oj dnd in the 
the CME as a fuel were found similar to the va lues as per oth!'f fuel ~ 
the specifications. Figures 3a & b indi ca tes th e power All vil.d l en' 
and torque of CME as a biofuel . Under the Dynamometer, fuel cons lI l 
the CME provides a power of 16 bph at 3000 rpm and cI or slightly 
torque of 38.5 nm at 2000 rpm as dgainst manufacturer manufac1u 
specification of 16 bhp at 3200 rpm an d 38 nm torque al 
2000 rpm. Thus the study cl early indi cates that there is 
no overall marked difference in the perform ance 01 
coconut methyl ester JS biofuel in a diesel engi ne. Besides features ()
the similarity notic('J in the power and torq ue of the otherveg 
engine between CME and diesel showing the fu el energy, test of CM 
the mileage of the veh icle using ( M E fuel showed a pdraill ete 
signifi cant in crease of 22. 5 km/ I from the 16 km/l propertipsi 
recommend, ·J for diese l by the manufclcturer, wh ich Indian p~t 
ind icates the thermal efficif'ncy of the CME . EVEI I though biofuel i 
the ove rall fuel efficiency may va ry from vehicle to 
vehicle, the highermileage of CME th an diesel support ' 

(conic! II" 

Table 6 Physicochemical properties of CME with other methyl esters of plant origin 
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the thermal effic iency of CME during the performance of 
thp vehicle. Prec isely the important techni al advantage 
of using CME as fuel in diesel engines can be li sted out 
as follows. 

.ME ( an be used straight away as fuel in any d iese l 
engin . All that is requi red is a thorough c leaning of the 
ruel system including fuel lines and fres h fu I filters 

1\1 0 modification is required in the engine components 
and in the fuel lines. CME need not be blended with any 
otherfuel for use in diesel engines. Emission is neo ligible. 
All vital engine parameters like temperature, oil pressure, 
fuel consumption, power dnd torque are within the limits 
or slightly better than the specificati on of the vp hicle 
rnJnufacturer. 

Tilte results of the fJrc sent study demonstrate a new 
trend in the field of renewabl e energy source and in the 
area of biofuel production. The distinct and unique 
features of the c xonut oil and the CME compared to 
other vegetable oil .sters were supported by the functional 
test ofCME in diese l vehicle. Based on the standardized 
param ete rs of CM - production and the functional 
properties of CME, the data has been filed for getting 
Ind ian patent. The functional f' ffec:tiveness of CME as 
biofu e l in di esel vehicle without any technical 

By product 

modification of the engin . further demands more trial 
runs in diesel vehicles using CME under varied conditions 
and param t rs for confi rm ing the effic iency of CME. Plot 
pi nt tri als for scale li p the product ion of CME and more 
extensive fun ctional runs using ME are war ra nted to 
estab lish the efficacy of CME in Combu stion Ignition 
Engines (CIE) as a primary substitute of fuel en rgy sou r c 
in near fu ture. As a pot ntial ol eag in ous crop with 
nutritional, th erapeu tic and industrial advantages, the 
commer ia l feasibility of CME as biofuel can be e aluaterl 
onl y through an integrated approach of CME production 
initiated from mature coconuts. 

Table 7 Computerized pollution under control 

certificate llsing CME as fuel 

ree Acceleration K Value (1/m ) ActuaJRPM 

T1 0.53 3500 

1'2 0. 51 3500 

T3 0.5l 3640 

T4 0.5 1 3750 

leonid from page 7) 

between male and female grafts is to 

be kept at 10:1. Pits of 60 X 60 X 
60Clll ize may be taken and filled wit 
J mi xt ure of FYM/ compost and 
t()p~oil. Manuringatthe rateof20g , 
18g P205 and SOgK2o/year has to be 
done in the first year. Gradually the 

dose is to be increased so as to reach 
500g N, 2S0g P20S and 1 OOOg K20/ 
tree/year by the 5th year. The fertil ize rs 
mav be applied in the drip area of the 
treE' and forked into the soil. The 
nutmeg tree grows to a height of 5­

13m and ometimes as tall as 20m. It 
flowers at 5-8 years of age, full beari ng 
reaches at 15-20 yea rs and continues 
for 30 to 40 years or more. Flowering 
season is from June to August and the 
fruit takes six months to ripen. Fruits 

are to be harvested when they have 
split and the ari! turns bright red in 
colour. The mace is dried in the sun 

for 10 - 15 days, till they become 
brittle and turn yellowish brown from 

the initial red colour. The nuts are 
dried till the kernel rattles within the 
shell. A tree produces 1500-2000 
fruits per yea r which COllles to 8 - 12 
kg nuts. (100-250 nuts/kg) and 1.5 to 
2kg mace. An average yield of 3 kg is 
obtained from a tree per year. An 
add itional income of Rsl.20 lakh ca n 
be obtained from one acre coconut­
clove system with the present market 

price of Rs. 700/- per kg. 

The above crops under coco nut 
based farming system render enhanced 
employment opportunities, make 
available multiple farm produ ce and 
ensure ecological sustainability. The 

beneficial effects in c lude 
improvement in soil fertility status, 
increJsed microbial activities, higher 

interception of sun I ight, better micro-

climate .md reduced weed growth. 

Deleterious effects of surface run off 
and soil erosion wi ll also be reduced 
in this system. The li tters from the 

falling leaves and other plant parts 
have a salutary effect on the propertit's 
of soil through the d gradatio n 

process and rel ated activities 
undergoing in the soil . Expe rimental 

results from various coco nut based 
croppi ng system s show that the high 
level of productivity co uld be 
sustained with lower level of fertilizer 

input which is one of the most costly 
input for farming. Coconut based 
integrated farm i ng system with the 
above four money sfj inning cash 
crops as mixed crops not only 
provide addition al income but also 
would help achieve higher 
productivity of coconut on a 

sustainable basis in future. 
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