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Abstract:  

It is well known that transport is almost totally dependent on fossil fuels (natural gas, coal, and oil) particularly petrole um based fuels 

such as gasoline, diesel fuel, liquified petroleum gas, and compressed natural gas. Biodiesel, as renewable and biological origin  

alternative diesel fuel, has been receiving a lot of concern throughout the world due to the energy needs and environmental awareness. 

However, at present, it is not economicallyfeasible to use food-grade vegetable oils to produce biodiesel because of the surge in  

feedstocks price. Much attention hasbeen devoted to the application of lower-cost feedstocks to produce biodiesel. Biodiesel 

production is a very hot topic within research, politics and investments Worldwide. Current energy policies address environmental 

issues including environmentally friendly technologies to increase energy supplies and encourage cleaner, more efficient energy use, 

and address air pollution, greenhouse effect, global warming, and climate change. To intensify production and improve decision 

making and production evaluation, a systematic approach to describe biodiesel production processes is needed. The paper prese nts a 

systematic approach for process synthesis of biodiesel production from lower-cost non-edible oil sources, such as Areca catechu shell. 
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Introduction 

 

It is well known that transport is almost totally dependent on 

fossil fuels (natural gas, coal, and oil) part icularly petroleum 

based fuels such as gasoline, diesel fuel, liquified petroleum gas, 

and compressed natural gas. Fossil fuels contribute to most of 

the world energy supply. Regard ing production and consumption 

rates, the presently known reserves of fossil fuels are estimated 

to last anywhere from 41 to ~ 700 years [1, 2]. It was known 

from Oil and Gas Journal (O&GJ) estimates that at the 

beginning of 2004, the worldwide reserves were 1.27 trillion 

barrels of oil and 6,100 t rillion cubic feet of natural gas. At 

today’s consumption level of about 85 million barrels per day of 

oil and 260 billion cubic feet per day of natural gas, the reserves 

represent 40 years of oil and 64 years of natural gas [3]. As the 

amount of available petroleum decreases, the need for alternate 

technologies to produce liquid fuels that could potentially help 

prolong the liquid fuels culture and mitigate the forthcoming 

effects of the shortage of transportation fuels. Moreover, the 

increase in pollutants emission from the use of petroleum fuel 

will affect human health, such as respiratory system, nervous 

system and skin diseases etc. Both the energy needs and 

increased environmental consciousness have stimulated the 

researching of an alternative fuel. The use of biodiesel is a 

subject of increasing attention and topic sustenance considering 

the depletion of fossil fuels, including crude oil demands and 

concerns over pollution to our environment.  

 

Crude oil accounts for 40% of the world's total energy demand. 

Daily, the world consumes about 76million bbl of oil. United 

States (20 million bbl/d), followed by China (5.6 million bbl/d) 

and Japan (5.4 million bbl/d) are the top oil consuming 

countries. India ranks among the top 10 largest oil-consuming 

countries. India imports about 70% of its total oil consumption 

and it makes no exports.The biofuel policy aims to promote the 

use in transport of fuels made from biomass, as well as other 

renewable fuels. Biofuels provide the prospect of new economic 

opportunities for people in rural areas in oil importer and 

developing countries. The central policy of biofuel concerns job 

creation, greater efficiency in the general business environment, 

and protection of the environment. During the last decade, the 

use of alternative fuel in diesel engines has received renewed 

attention. The uncertainty of petroleum-based fuel availability 

has created a need for alternative fuels [4]. Hence research on 

biodiesel as an alternative of diesel is in progress. Biodiesel is 

renewable fuel, it has simple technology of production, low 

handling hazards, emits low pollutants, and can be used in 

engine without substantial modifications [5].  

 

Biodiesel may be the best answer due to its following 

advantages: 

(i) It reduces the country’s dependence on imported petroleum. 

(ii) It is renewable and contributes less to global warming than 

petroleum fuel due to its closed carbon cycle. The primary 

feedstock can grow season after season and most of the carbon 

in the fuel was orig inally removed from the air by the plant. 

(iii) It provides good engine performance and can be used 

without engine modification. 

(iv) It provides a market for excess production of vegetable oils 

and animal fats, thus enhancing the rural economies. 

(v) It is biodegradable and nontoxic.  

(vi) It exh ibits lower combustion profile, especially SOx.  

(vii) They include energy security reasons, environmental 

concerns, foreign exchange savings, and socioeconomic issues 

related to the rural sectors of all countries in the world. Biofuels 

have become more attractive recently because of its 

environmental benefits [6–12]. 
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(viii) The biofuels are the key to reduce dependence on imported 

crude oil, lowering emissions of greenhouse gases, main ly 

Carbon-dioxide and methane and meeting rural development 

goals [13], [14]. 

 

Biodiesel can be produced from trig lycerides present in naturally 

occurring fats and oils by trans  esterificat ion with alcohol, 

usually methanol, in the presence of catalyst. It is a reversible 

process and glycerol is as the by-product. The main source of 

biodiesel i.e . oil producing plant, can grow easily in wide range 

of geographic locations and flexible climatic conditions .The 

most common biofuels, such as ethanol from cane, corn, wheat 

or sugar beet and biodiesel from o il seeds, are produced from 

classic food crops that require high-quality agricultural land for 

growth. The term biofuel is referred to as solid (bio char), liqu id 

(bioethanol, vegetable oil and biodiesel) or gaseous (biogas, 

biosyngas and biohydrogen) fuels that are predominantly 

produced from biomass [25–29]. Liquid biofuels may offer a 

promising alternative. Liquid biofuels are substitute fuel sources 

to petroleum; however some still include a small amount of 

petroleum in the mixture. The biggest difference between 

biofuels and petroleum feedstocks is oxygen content [30–33]. 

However, in order to compete with diesel fuel and survive in the 

market, lower-cost feedstocks are preferred, including waste 

cooking oil (W CO), g rease, soapstocks [33-48]. 

 

As global warming is a problem affecting different aspects of 

human life and the global environment, not only a single but a 

host of solutions is needed to address it. The associated issues 

are intimately connected with economic development and 

prosperity, quality of life, global stability, and require from all 

stakeholders tough decisions and long term strategies. For 

example, many countries and regions around the world 

established targets for CO2 reduction in order to meet the 

sustainability goals agreed under the Kyoto Protocol. Biodiesel 

may also be disadvantageous when replacing crops used for 

human consumption or if its feed stocks are cultivated in forests 

and other critical habitats with associated biological diversity. 

Current policies at regional and national levels and the expected 

cost and difficulties in obtaining fossil fuels will necessarily lead 

to an increase in biodiesel production and of other types of 

renewable energy. To become a more viable alternative fuel and 

to survive in the market, biodiesel must compete economically 

with diesel. The end cost of biodiesel mainly depends on the 

price of the feed stocks that accounts for 60–75% of the total 

cost of biodiesel fuel [49]. 

 

A relatively recently popularized classification for liqu id 

biofuels includes “first-generation” and “second-generation” 

fuels. There are no strict technical definitions for these terms. 

The main d istinction between them is the feedstock used. A first-

generation fuel is generally one made from sugars, grains, or 

seeds, i.e. one that uses only a specific (often edible) portion of 

the above-ground biomass produced by a plant. Second-

generation fuels are generally those made from non-edible 

lignocellulosic biomass [50], either non-edible residues of food 

crop production (e.g. corn stalks or rice husks) or non-edible 

whole plant biomass (e.g. grasses or trees grown specifically for 

energy). Second-generation fuels are not yet being produced 

commercially in any country. 

 

Generally, biodiesel is produced by means of trans -esterification 

process. The trans-esterification is the reaction of triglyceride 

with an alcohol to from esters and a byproduct, glycerol Fig. 1 

[51]. At present, biodiesel has to compete economically with 

diesel fuels in order to survive in the market. The major problem 

is the costs of the raw material. The problem can be approached 

in two differences way: by finding low cost source of raw 

materials or by intensifying the synthesis process by using novel 

reactor [52]. In the case of finding low cost source of raw 

materials, one way of reducing the biodiesel production cost is to 

use the less expensive feedstock containing fatty acid such as 

non edible oils, animal fats and waste cooking oil [53]. The 

trans-esterificat ion reaction involves two immiscible phase. The 

less-dense phase has the catalyst dissolved in the alcohol, 

whereas the other contains the oil or fat. The reaction between 

these species can occur in the interfacial region between the 

liquids, as catalysts are essentially insoluble in the oil phase. 

Vigorous mixing is required to increase area of contract between 

the two phases [54]. 

 

 
 

Materials and Methods: 

The Areca catechu shell in this study was collected in and 

around shimoga district, which was orangish-yellow in colour. 

Later it was packed down using an impeller/crusher to collect 

the shell extract. Then it was filtered to remove the micro-

particles and other solid impurities. The filtrate (oil) was tested 

for FFA value. This oil contained 6.03% of free fatty acid. The 

chemicals used in experimental including sulfuricacid (H2SO4), 

potassium hydroxide (KOH), and methanol. The purities of 

H2SO4, KOH and methanol were greater than 98%, 95%, and 

99.8%, respectively. 

 

Lower-CostFeedstocks: 

Though biodiesel has many advantages compared with 

petroleum d iesel, its high production cost already becomes the 

primary barrier to its commercialization. Currently, bio-diesel 

unit price is 1.5-3.0 t imes higher than that of petroleum derived 

diesel fuel depending on feedstock [34, 20,55]. Therefore, many 

studies were focused on the utilization of lower-cost feed stocks, 

such as WCO, grease, soap stock, Jatropha, and algae to 

produce biodiesel. Keeping all above things in mind, in the 
present study it was thought to use the Areca catechu shell to 

produce the biodiesel. 

 

Catalysts for Biodiesel Production: 

Biodiesel is produced commercially using homogenous basic 

catalysts such as sodium (or potassium) hydroxide or methoxide 

because the trans-esterification reaction is generally faster, less 

expensive, and more complete with these materials than with 

acid catalysts [56]. The biodiesel industry currently uses sodium 

methoxide, since methoxide cannot form water upon reaction 

with alcohol such as with hydroxides [57, Fig 2]. Other 

alkoxides, such as calcium ethoxide, have also effectively 

catalyzed biodiesel production, albeit with higher methanol and 

catalyst requirements [58] . The homogenous base catalyzed 

trans-esterificat ion reaction is about 4,000times faster than the 

corresponding acid-catalyzed process [59].Furthermore, base-
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catalyzed reactions are performed at generally lower 

temperatures, pressures, and reaction times and are less 

corrosive to industrial equipment than acid-catalyzed methods. 

However, the homogenous acid-catalyzed react ion holds an 

important advantage over the base-catalyzed method in that the 

performance of acid catalysts is not adversely influenced by the 

presence of FFA. 

 
Figure 2: Formation of soap from reaction of free fatty acids 

(FFA) with catalyst (reaction [1]) and hydrolysis of biodiesel 

(reaction [2]) to yield FFA and methanol. 

 

Two Step Biodiesel Productions: 

Both the steps of biodiesel production were carried out in a 

three-necked round bottom flask equipped with a reflux 

condenser to avoid alcohol evaporation. Stirring was performed 

with the help of a mechanical stirrer.  

 

Acid Catalyzed Es terification: 

Areca catechu shell oil was poured into the flask and the acid 

catalyst was added, followed by methanol. The progress of the 

reaction was monitored by measuring the acid value. Reaction 

parameters were optimized in the temperature of 60° C with 

varying catalyst loading (0.5 to 1.5%); then ethanol to oil molar 

ratio was carried out by keeping the reaction time (1 to 1 ½ hr) 

constant throughout the reaction. The reaction mixture was 

centrifuged at 600 to 800 rpm and the supernatant – that is, the 

excess methanol, was removed. Acid  catalyst was separated 

from the remain ing residue, which was fu rther processed by base 

catalyzed reaction. 

 

Base-Catalyzed Trans-esterification: 

The pretreated oil was poured into the reactionflask and heated. 

A solution of NaOH in methanol (1%) was thermostated at 60°C 

and the pretreated oil was added. The molar rat io of methanol-

to-oil was6:1 and the reaction mixture was stirred by a 

mechanical stirrer. The reaction was stopped after 2h and the 

reaction mixture was poured into a separating funnel. The lower 

layer containing glycerol and impurities was drawn off. The 

upper layer of biodiesel was washed three times with hot 

distilled water. The lower layers were d iscarded and, after the 

third washing, the upper layer is the biodiesel product. 

 

Product Analysis: 

 

The acid value of the reaction mixture was determined by the 

acid base titration technique. The conversion of FFA (reduction 

in acid value) was calculated using the equation 

FFA content = 28.2x (Normality of NaOH) x (Titration Value) 

                                                (Weight of the oil) 

Washing of Biodiesel 

 

Biodiesel was washed to remove contaminants like soap, catalyst 

and other impurities. After separating the unwashed biodiesel 

and glycerin, water was added to the biodiesel and stirred well.  

During stirring, a white cloudy substance was formed at the 

bottom of the tank, which was  carefully separated. The washed 

biodiesel was heated to 100°C to remove the remain ing water. 

The washing procedure was repeated four times.  

 

Biodiesel Characterization  

 

The samples of biod iesel produced were tested for their fuel 

properties. The Kinematic Viscosity were determined at 15–

40°C, using a Viscometer (Anton Parr, Stabinger, Model 

SVM3000). The density  were determined using a Hydrometer. 

The flash point and fire point was determined in a Pensky–

Marten’s closed-cup tester (ISL, Model FP93 5G2), using 

ASTM D 93. The copper corrosion was determined using a 

copper strip corrosion test. The procedure of ASTM D 7042 was 

followed. The water contents were determined following ASTM 

D 95. 

 

Results: 

 

Determination of Free Fatty Acid 

Calculation Formula: 

 

FFA content = 28.2x (Normality of NaOH) x (Titration Vaiue)  

                                                (Weight of the oil) 

 

The Titration value is 21.4 then the FFA content will be  

 

FFA content = 28.2 x 0.1 x 21.4 = 6.03% FFA  

                                  10 

 

Based on the presence of Free Fatty Acid (FFA) content in the 

oil which is more than 4%, Double Stage (Acid based + Alkali 

based catalyst) process was  undertaken. Later the procedure of 

biodiesel processing had been carried out and results were 

obtained in the form of two immiscib le layers in a separating 

funnel. Top layer is our interested biodiesel and bottom layer is 

glycerine. 

 

Biodiesel Characterization: 

The samples of biod iesel produced were tested for their fuel 

properties. The fuel properties of biodiesel are summarized in 

Table 1. Th is table shows that the biodiesel had comparable fuel 

properties with those of diesel and the values and parameters 

were within the limits prescribed in the latest ASTM standards 

for biodiesel. The results obtained were comparable to prev ious 

work [83].  
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Table1. Fuel quality of biodiesel formed by dual step process 

 

Parameters studies Arecanut shell 

Bio-Diesel 

          ASTM 

Standards  

         FFA, NaOH 

(g/ltr) 

                6.03                 ……... 

  Kinematic viscosity 

(40
0
 C) 

               4.956                1.6 – 6.0 

  Specific grav ity, 

Density  

                (15
0
 C) 

               0.915                 ……... 

                    pH                 6.0                ………  

         Flash point (
0
C)                 68                   120 

         Fire point (
0
C)                 73                   150 

   Saponification 

value  

              33.86                ………. 

 

Discussion: 

During this project, we aimed to provide recommendations to 

the scientific community on the parameters required for efficient 

production of Areca catechu biodiesel. The task was to uncover 

specific methods and scientific procedures to produce biodiesel 

from Areca catechu oil as well as the feasibility of 

implementation for large-scale production. Experiments were 

conducted in a laboratory to determine ideal parameters to be 

considered in the processing of biodiesel derived from Areca 

catechu oil.  

In this experiment we have synthesized diesel fuel from a triester 

of glycerol (a triglyceride or triacy lglycerol). Th is reaction is 

known as transesterification reaction. Transesterification is the 

process of transfering one type of ester into another type of ester. 

This reaction incorporates the use of strong base sodium 

methoxide in a base catalysed nucleophilic addition-elimination 

reaction at the carbonyl carbon of the triglyceride.  

The switch from petroleum-based diesel compared to biodiesel 

has its advantages and dis-advantages. There are changes in 

energy efficiency based on composition, changes in 

environmental impacts and differences in cost between the two 

types of diesel. The results from these experimental 

investigations were used to formulate the viability of producing 

biodiesel. Variab les measured for d iesel fuels that affect 

efficiency include viscosity, flash point, and density. By 

processing Areca catechu shell oil the properties become closer 

to those of diesel fuels. This makes the biodiesel much more 

compatible with diesel engines [85]. Biodiesel emits less carbon 

monoxide and hydrocarbon emissions than petroleum diesel. 

One of the reasons for this is the higher amount of oxygen in 

biodiesel, which increases the amount of complete combustion 

of the fuel [78]. The change to biodiesel will also increase the 

self-sufficiency of the economy of India by subtracting foreign 

dependency transportation fuel.  

 

Conclusion: 

Today world is facing three critical problems: (1) high fuel 

prices, (2) climatic changes and (3) air pollution. Currently there 

are several important problems to be resolved worldwide: (1) 

high need for energy, (2) h igh depletion of non-renewable 

energy recourses and (3) high local and global environmental 

pollution [89, 90]. Biofuels include energy security reasons, 

environmental concerns, foreign exchange savings, and 

socioeconomic issues related to the rural sector. The biggest 

difference between biofuels and petroleum feedstocks is oxygen 

content. Biofuels have oxygen levels from 10% to 45% while 

petroleum has essentially none making the chemical properties 

of biofuels very different from petroleum. Oxygenates are just 

pre used hydrocarbons having structure that provides a 

reasonable antiknock value [91]. 

 

Energy can be harnessed from the flow of bio-mass. By utilizing 

arecanut shell we can harness the transportation cost incurred. 

From the economic perspective, since this biomass are not very 

costly and in most of the cases it is simply dumped for natural 

degaradation. The combination of using lower-cost feedstock 

with production of value-added co-products may greatly enhance 

biodiesel industry profitability Hence efficiently using them in a 

more resourceful manner would generate an economically 

important biodiesel, which will be the diesel of the future. The 

most significant aspect of the present investigation is the process 

adopted does not produce any harmfu l by-product, whereas all 

the by-product generated in the process have industrial 

application. 

 

In conclusion, certain types of biofuels do represent potential 

source of alternative energy, but their use needs to be tempered 

with a comprehensive assessment of their environment impacts. 

Together with increased energy conservation, efficiencies and 

technologies such as solar, wind, geothermal and hydroelectric 

power, BIOFUELS should be included in a diverse portfolio of 

renewable energy source in order to reduce our dependence on 

the planet’s finite supply of fossil fuels. 

 

Furthermore, the properties of arecanut shell such as FFA, 

viscosity, specific gravity, pH, flash point, fire point, 

saponification value and glycerine content were characterized, 

which can facilitate the further bio-refinery research promoting 

commercial b io-diesel production and further development.  
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