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ARTICLE INFO ABSTRACT

Keywords:
Microalgae cultivation

In recent times, microalgae are perceived as potential feedstocks for next generation biofuel production. How-
ever, their large scale cultivation and associated lipid recovery are confined by a number of factors. In this

Interpretive structural modeling perspective, an endeavor has been made in this work to analyze the limiting factors for large scale microalgal

gfogﬁld ) cultivation by an analytical framework using interpretive structural modeling approach. The limiting factors
10diese - . o . . . .

Limiting factors were first identified through a comprehensive literature study and then, the interactions among the factors were
Sustainability formulated. Subsequently, the key factors that drive the system were identified by the multiplication properties

of matrices principle. The results indicated that various operational and environmental factors would influence
the mircroalgal culturing technology, the economy of fuel production and sustainability of the process. The study
also showed that there were no autonomous and linkage factors indicating that no factors in this study with weak
drive and weak dependence powers and all the factors considered were stable. Moreover, it was identified that
the relevant policy mechanism with incentives and other supportive measures would benefit the growth of the
algal biofuel industry. The present study can provide explicit information to support the growth of the sus-

tainable biofuel industry.

1. Introduction

The rapid depletion of easily accessible fossil fuels, increasing pop-
ulation, environmental pollution and climate change effects stimulated
interest in the exploitation of alternative fuels [1,2]. Among different
alternative fuels, greater attention and potential interest have been
shown towards the development of biofuels [3]. Biofuels are categorized
as the first generation, second generation and third generation biofuels
[4]. The first generation biofuels are not a renewable route towards
energy independence [5]. Besides, the important lesson taught by the
first generation biofuels is the sustainability concern, particularly, food
vs. fuel dichotomy. On the other hand, studies have reported that the
commercial production of the second generation biofuels is much more
challenging than the first generation counterparts [6,7]. This includes
challenges in pretreatment, production and purification technologies
[8]. Third generation biofuels are generally obtained from the algal
biomass [9]. It has been reported that no feedstock can match with algae
in terms of quantity and diversity [8]. Although several studies have

* Colresponding author.

been conducted worldwide to investigate the potential of microalgae
[10,11], there is a need to understand and assess the limiting factors for
the large scale cultivation of microalgae.

To understand the limiting factors in large scale microalgal cultiva-
tion for viable biofuel (i.e. biodiesel) production, it is essential to un-
derstand the processes of algal screening, cultivation, environmental
factors affecting algal growth, harvesting methods, lipid extraction
techniques and finally, the synthesis of biodiesel. Different algal strains
have varying lipid contents depending on their culturing circumstances.
According to the available literature, more than 40,000 microalgae
species have been identified and are mainly categorized into two groups,
namely prokaryotes or cyanobacteria and eukaryotes [12]. In algal
culturing, the open pond culturing is the widely adopted method due to
the cost effectiveness and less maintenance requirements of the system.
Besides, this system is much suitable for algae that can survive in both
alkaline as well as salty environments [13,14]. Apart from the open
pond cultivation system, closed photobioreactors are used to maximize
the photosynthetic efficiency and biomass productivity. However, this
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Keywords: The co-combustion of fuel has substantial advantages when compared to normal combustion and it requires very
Biofuels little modification. In this perspective, ethanol supplement co-combustion with biodiesel is proposed. The co-
Ethanol combustion characteristics were studied by manifold induction of vaporized ethanol and direct injection of waste

Waste cooking oil

Biodiesel

Co-combustion characteristics
Two-stage heat release

cooking oil biodiesel. A vaporizer system was fabricated to produce vaporized ethanol in a volumetric basis (10%
and 20%, respectively). It was revealed from the experiments that with co-combustion of oxygenated biofuels,
the combustion advanced and peak pressure shifted to TDC. The pressure rise rate decreased with the increase of
vaporized ethanol induction and the maximum rate of pressure rise reduction was noted with biodiesel-20%
ethanol induction which was 4% lower than biodiesel-10% vaporized ethanol induction. On the other hand, the
maximum rate of heat release rate (60.24 J/°CA) was seen in biodiesel with 20% ethanol induction.
Furthermore, the co-combustion studies disclosed a two-stage heat release pattern (low temperature and high
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Regardless of fragile biodiesel market of the present day, it is foreseen that biodiesel will draw a lot of
public interest throughout the world in the not too distant future. Among different feed stocks available
for biodiesel production, waste cooking oil is under a major prospective for large-scale biodiesel pro-
duction as it can cut down the fuel costs than other alternative feed stocks. However, there are several
barriers that hinder large-scale biodiesel production from waste cooking oil. Also, there might be
contextual relationships among those barriers. In this perspective, this paper aspires to identify the most
influential barrier and to describe the interactions among different barriers influencing biodiesel pro-
duction from waste cooking oil. For this reason, an interpretive structural modeling approach is
employed to determine relationships among barriers. MICMAC analysis has additionally been carried out
to classify the barriers based on dependence and driving power. The results indicate that vehicle access
problem, lack of processing technology, inconsistent supply quantity and inadequate production facilities
are the top-level barriers. Also, the results show that lack of political will, lack of incentives and lack of
policy implementation play a very important role in the effective implementation of biodiesel production
from waste cooking oil.

Keywords:
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potential in attenuating emissions by releasing only biogenic car-
bon in the air and greater energy return on investment [10]. In

1. Introduction

Biodiesel - a realistic surrogate to diesel fuel has gained signif-
icant attention in recent years due to the brink of depletion of easily
accessible fossil fuels and environmental catastrophes [1-5].
Because of widespread concern over the water-land-food nexus of
first generation biofuels, a waste-to-energy system utilizing waste
cooking oil has become very attractive in recent days [6,7]. Waste
cooking oil can be recycled into useful industrial products such as
biodiesel, soap, etc., [8]. In India, a large quantity of waste cooking
oil can be collected from hotels, restaurants, hostel mess and even
households. Indeed, a single branch of fast-food centre alone can
generate as much as 15L of waste cooking oil per day [9]. As a
result, there is a necessity to connect with hotel chains and use the
cooking oil which just gets wasted every day.

The biodiesel derived from waste cooking oil offer a great
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contrast, to increase stakeholders and public involvement in waste
cooking oil recycling, it is indispensable to identify what motivates
to reprocess waste cooking oil. This includes a multifarious string of
legal and market barriers such as government policies, subsidy,
political support and consumer confidence [11].

Because of these barriers, there is a reluctance to adopt sus-
tainable technology to convert waste cooking oil to renewable
diesel fuel. On the other hand, analyzing these barriers will help a
pilot biodiesel manufacturing industry to put into the operation of
large-scale biodiesel production facility. It is indispensable to
recognize the value of these barriers and their contextual re-
lationships so that those barriers which hold up other barriers and
those which are most dominated by few other barriers can be well
recognized.

Based on the above considerations, an endeavor has been made
in this work to critically examine the relationships among the
barriers for large-scale production of biodiesel from waste cooking
oil by Interpretive Structural Modeling (ISM) approach. Indeed, ISM
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Transesterification of experiments conducted with waste cooking oil transesterified by varying four process parameters such as
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catalyst concentration, molar ratio, reaction time, and stirrer speed. The optimum reaction conditions were
found to be 0.75% wt/wt catalyst concentration, 9:1 M ratio, 60 min reaction time and 500 rpm stirrer speed. For
these optimum conditions, experimental fatty acid methyl ester (FAME) content of 95.05 = 0.26% was ob-
tained, which was in good agreement with the predicted yield. The RSM model was developed using Box-
Behnken design and the ANN predictive model was developed using a feed-forward backpropagation neural
network algorithm with 14 neurons in the hidden layer. The mathematical models of RSM and developed ANN
were compared for biodiesel yield. The higher value of correlation coefficient (R = 0.99) and lower value of
root mean square error (RMSE = 1.97) for ANN compared to RSM (R? = 0.95 and RMSE = 2.71) evidently
proved that ANN model is far better in predicting FAME content compared to the RSM model.
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