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Dr. Debabrata Das pursued his doctoral studies from Indian Ins�tute of Technology (IIT)
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than twenty years. His commendable contribu�ons towards development of a commercially compe��ve and environmentally benign bioprocess for the biohydrogen produc�on
from organic wastes using both mesophilic and thermophili cmicroorganisms added a
new dimension to the ﬁeld.
He has more than 170 research publica�ons in the peer-reviewed journals and contributed more than 38 chapters in the books published by Interna�onal publishers. He has been
awarded with 2 interna�onal patents and applied for 4 more. He has been awarded as
Fellow of Indian Na�onal Academy of Engineering (2015) and Fellow of Interna�onal
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Fundamentals of Biofuel Produc�on Processes
Research on renewable energy has accelerated in recent years to address the rising concerns
over energy security, fossil fuel deple�on, and climate change. It is es�mated that a four �me
increase in present bioenergy produc�on can lead to an almost 50% greenhouse gas reduc�on
by 2050. New and renewable energy sources such as wind, solar and hydrothermal are reported
to suﬀer from high produc�on costs, complex conversion technologies and high energy input.
Hence, the most promising alterna�ve to fossil fuels appears to be biomass. Dr. Das’ six lectures
in this series delve on various aspects on biofuel produc�on processes.
Among the various renewable energy sources, the less energy intensive and environmental
friendly biochemical conversion of abundantly available biomass to biofuels appears most
promising. One of the major challenges for the commercializa�on of biofuel industries is the
lack of high yielding robust microbial strains that can thrive in harsh environmental condi�ons.
The ﬁrst lecture will describe the diﬀerent genera of microbial strains involved in the high-yield
biofuel produc�on and discusses the means of their selec�on, op�miza�on, and improvement
for enhanced biofuel produc�on.
The biochemical conversion of biomass to biofuels is catalyzed by the complex metabolic
pathways in microorganisms. Hence, the knowledge of the metabolic pathways is essen�al to
enhance the yield of the desired product and to improve process eﬃciency. Furthermore, once
known, these pathways can be redeﬁned and reconstructed into suitable hosts using various
metabolic engineering approaches. The second lecture provides an insight into the various
biochemical pathways that are currently exploited for biofuel produc�on.
The use of synthe�c biology has paved the way for fabrica�ng or synthesizing newer pathways
and gene�c constructs to op�mize both microbial hosts and the feedstock for reducing the costs
and enhance biofuel produc�on processes. In the third lecture, various such gene�c and
metabolic engineering tools will be described that have been employed so far for the advancement of biofuel produc�on. In addi�on, the exis�ng and future challenges imposed by the use
of such complex biological systems will also be examined.
Photosynthe�cally eﬃcient algae which does not require arable land and also possess high lipid
yield poten�al appears to be best prospect for renewable and sustainable future as they can be
used for carbon dioxide mi�ga�on, bioremedia�on and biofuel produc�on. This is however
hindered by the poor biomass yields and unfavorable economics. The microalgal bioreﬁnery
concept promises to alleviate this by u�lizing the proteins, carbohydrates and lipids and the
whole biomass itself for the produc�on of various value added products. The fourth talk discusses the poten�al and barriers in the commercializa�on of this microalgal bioreﬁnery concept.
Reactor conﬁgura�ons play a very important role in chemical and biochemical processes. The
batch reactor is simple in construc�on and requires less capital and infrastructure investment,
can accommodate diﬀerent types of feedstock and not require stringent opera�ng condi�ons.

However, it has various disadvantages such as low produc�vity, large down�me, varia�on in
product quality, and intensive labor and energy requirements. This can be overcome with con�nuous ﬂow systems, but which have their own disadvantages. The ﬁ�h and penul�mate lecture
makes a cri�cal analysis of these reactors to determine the suitability of the process for gaseous
fuels genera�on such as methane and hydrogen.
Biofuels are either in solid, liquid or gaseous forms. Solid food wastes can be easily converted to
gaseous methane and hydrogen by an anaerobic diges�on process. The liquid fuels are ethanol
and biodiesel obtained from conversion of food grains and oilseeds. Solid fuels which are mainly
from dry lignocellulosic biomass suﬀer from transporta�on and poor energy conversion eﬃciency. However, a�empts have been made to convert lignocellulosic feedstock, oil seed, and algae
to liquid fuels such as ethanol, biodiesel, and butanol on a large scale. This sixth and last lecture
discusses the scale-up of these biofuel produc�on processes with various case studies.
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