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ABSTRACT
In this study, castor oil (CO) has been investigated as a potential source for biodiesel production in
Bangladesh. Castor oil has been extracted from the seeds by mechanical press and the Soxhlet
extraction method. Maximum oil content of 55.7% has been found by the Soxhlet extraction method.
The physicochemical properties such as free fatty acid (FFA) content, kinematic viscosity, saponification
value, and density of the oil have been measured by different standard methods. The FFA content and
viscosity have been found considerably higher such as 33.5% and 253 mm2/s, respectively. Biodiesel has
been prepared using a three-step method comprising of saponification of oil followed by acidification of
the soap and esterification of FFA. The overall yield of FFA from CO is found to be around 89.2%. The
final step is esterification that produces fatty acid methyl ester (FAME) and a maximum 97.4% conver-
sion of FFA to biodiesel has been observed. The effect of the oil to methanol molar ratio, catalyst
concentration, reaction temperature, and time has been investigated for esterification reaction and
optimized using the response surface methodology. 1H NMR of crude castor oil and castor oil methyl
ester (COME) was studied and analyzed that confirms the complete conversion of castor oil to biodiesel.
Finally, the biodiesel, produced under optimum conditions, was characterized using the various stan-
dard method and found comparable with petro-diesel and biodiesel standard.
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Introduction

The demand for energy in Bangladesh is increasing rapidly due
to the rise of living standard and tremendous economic growth.
But, the most dependable source of energy is still now the fossil
fuel, mainly natural gas and coal, which is non-renewable in
nature and in the near future, the reserves will be depleted. Also,
the combustion products of fossil fuels are an atrocious warning
to the environment by causing global warming and even some
incurable diseases (Aransiola et al. 2014). To keep in mind the
future energy crisis and environmental concern researchers are
now concentrating on the renewable sources of energy such as
solar energy, wind energy, tidal energy, and biomass energy.

Biodiesel, derived from biomass, is being considered as one of
the promising bio-fuels and gaining attention due to its non-
toxic, biodegradable nature (Ashraful et al. 2014; Ma and Hanna
1999) and its usability in a diesel engine without any engine
modification (Ong et al. 2014). Also, the higher combustion
efficiency of biodiesel reduces more than 90% of the total
unburned hydrocarbon. As a result, a significant reduction in
particulate matter and CO emissions achieved as compared to
petro-diesel (Mardhiah et al. 2017; Srivastava and Prasad 2000).

Chemically, biodiesel is defined as a mono alkyl ester of long
chain fatty acids derived from a variety of feedstocks including
vegetable oils or animal fats. (Öner and Altun 2009). Commercial
production of methyl ester began in Europe in 1990. More than

2.7 million tonnes biodiesel was produced in Europe in 2003, but
their target is around 20% total diesel market in 2020. At present,
120 biodiesel plants are operating in the Europe which produces
more than 22 million tonnes of biodiesel per year. Germany,
Spain, France, Italy, and Netherlands are the leading producer of
biodiesel in Europe (Budžaki et al. 2017; Talebian-Kiakalaieh,
Amin, and Mazaheri 2013). In the USA, currently, 97 biodiesel
plants are operating with a capacity of 2.3 billion gallons per year
(Energy 2017).

Depending on the climate and geographical positions, differ-
ent countries are looking for different types of feedstocks for
biodiesel production as it accounts 70–80% of the total produc-
tion costs (Hajjari et al. 2017; Mahmudul et al. 2017). Currently,
vegetable oils are being used as the prominent feedstocks for
biodiesel in different countries. For example, soyabean oil in the
US, rapeseed and sunflower oils in Europe, palm oil in South-
east Asia (mainly Malaysia and Indonesia), and coconut oil in
the Philippines are being considered (Morshed et al. 2011).
However, 95% of the biodiesel is now being produced from
edible oils, which has recently been of great concern as they
compete with food materials – the food versus fuel dispute
(Atabani et al. 2014; Mardhiah et al. 2017). Many researchers
have recommended that non-edible vegetable oils such as
Ricinus communis (castor) (Ferdous et al. 2013), Pongamia pin-
nata (karanja) (Gupta, Kiro, and Deo 2016), Maduca indica
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