
 

BIOBUTANOL PRODUCTION FROM 

GLYCEROL USING ANAEROBIC 

FERMENTATION PROCESS 

 

 

NITUPARNA DEY 

 

 

 

DEPARTMENT OF CHEMICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JUNE 2025 

 



 

 

 

 

 

 

 

 

 

 

©Indian Institute of Technology Delhi (IITD), New Delhi, 2025 

 

 

 

 

 

 

 

 

 

 

 



 

BIOBUTANOL PRODUCTION FROM 

GLYCEROL USING ANAEROBIC 

FERMENTATION PROCESS 

 

by 

 

NITUPARNA DEY 

DEPARTMENT OF CHEMICAL ENGINEERING 

 

Submitted 

In fulfillment of the requirements of the degree of 

DOCTOR OF PHILOSOPHY 

to the 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JUNE 2025 



 

 

 

 

 

 

 

 

I Dedicate This Thesis To  

My Parents, Mrs. Sheulee Dey and Mr. Dilip Kumar Dey, 

and My Sister, Ms. Rituparna Dey 

 

 

 

 

 

 

 

 



Certificate 

 

 

Certificate 

This is to certify that the thesis entitled “Butanol Production from Glycerol Using Anaerobic 

Fermentation Process” submitted by Ms. Nituparna Dey to the Indian Institute of 

Technology Delhi, for the award of the degree of Doctor of Philosophy, is a bonafide record 

of original research work carried out by her. She has worked under my supervision and has 

fulfilled the requirements, which to my knowledge, has reached the requisite standard for the 

submission of this thesis. The results contained in this thesis have not been submitted in part 

or full to any other University or Institute for the award of any degree or diploma. 

 

 

Prof. Ashok N. Bhaskarwar 

Thesis Supervisor 

Department of Chemical Engineering 

Indian Institute of Technology Delhi 

                             



 

Acknowledgements 

 

ii 

Acknowledgments 

Doing a Ph.D. has been a journey I will always take pride in. I could have made it because of 

the support from many people, in different ways, that I am so glad to have received during my 

entire journey. I take this heartfelt moment to express my gratitude to all who have been a part 

of this. 

I sincerely thank my supervisor, Prof. Ashok N. Bhaskarwar, for guiding me during my entire 

research work. His words of encouragement have always motivated me to continue doing the 

hard work in my research. 

I am also thankful for the guidance and comments I received from my committee members, 

Prof. Sreedevi Upadhyayula, Prof. K. K. Pant, and Prof. S. N. Naik, that helped me do better 

in my research. I am deeply grateful to Prof. Ashok Kumar Gupta for his continuous mentorship 

and support throughout my entire work. I also thank the entire staff of the Department of 

Chemical Engineering, Indian Institute of Technology (IIT) Delhi for their cooperation. 

I would also like to express my gratefulness to the Department of Biochemical Engineering and 

Biotechnology, IIT Delhi, and the Environmental Biotechnology Lab, Centre for Rural 

Development and Technology, IIT Delhi for providing me access to their facilities and 

facilitating my research work. 

I am grateful to my colleagues and friends, Ms. Isha, Ms. Dechen, Ms. Abeer, Mr. Shashi, and 

Mr. Mohit for their support in my journey. 

I would also like to acknowledge my entire lab team, which I have been a part of, for their 

cooperation. 

 



 

Acknowledgements 

 

iii 

Most of all, I am grateful to my Family. I want to express my earnest gratefulness and 

thankfulness to my parents, Mrs. Sheulee Dey and Mr. Dilip Kumar Dey, for their blessings 

and for always being with me at each and every step that I have taken in my life. I am grateful 

to my sister, Rituparna, for being the rock support at all times. I am deeply grateful to my 

brother-in-law, Anoop, for motivating me like a big brother throughout. I cannot be grateful 

enough to my two little nephews, Riyansh and Avyansh, who made me smile and cheered me 

up, every time the Ph.D. journey seemed difficult. The support I got from my family at each 

step is what kept me going. They believed in me, and so I could believe in myself more. 

I sincerely acknowledge the presence of all the people who have been a part of my life in this 

journey and whose names I could not mention due to space limitations. 

I endlessly express my gratitude towards my Guru, Swami Debananda Maharaja, who is the 

source of strength and courage in my life and with whose blessings I could reach a point in 

life, in my Ph.D. journey, of writing Acknowledgements to all. 

 

 

                                                                                                                     Nituparna Dey 

 

 

 

 



 

Abstract 

 

iv 

Abstract 

There is an increasing demand growing worldwide for alternative sources of energy and the 

biodiesel industry is one such which is on the rise. Glycerol (10 wt.%) is produced as a by-

product along with biodiesel production and it remains an underutilized product. Only a small 

fraction of the glycerol produced goes into the glycerol markets since there are higher costs 

involved with glycerol purification. It presents an opportunity for value-addition to the surplus 

glycerol so produced. The glycerol can be used for biobutanol production, a potential 

alternative fuel, which has a very high energy content of 29.2 MJ/L. Biobutanol production is 

conventionally carried out using an anaerobic fermentation process using Clostridium species 

which involves biphasic stages which are acidogenic (acid-producing) and solventogenic 

(solvent-producing). 

The present study explored biobutanol production from glycerol with the objective to improve 

the overall butanol yield using three strains of Clostridium pasteurianum: ATCC 6013, NCIM 

2880, and NCIM 2882. Notably, existing literature typically report low overall butanol yields 

from glycerol for wild-type Clostridium pasteurianum strains, often around 0.3 g/g (g of 

butanol/g of glycerol). By employing a co-substrate fermentation approach with butyric acid 

along with glycerol in the fermentation medium, the strain ATCC 6013 achieved a significant 

30% increase in overall butanol yield, reaching 0.39 g/g. This work also documented the first-

time use of the strains NCIM 2880 and NCIM 2882 for glycerol-based butanol production and 

highlighted strain-specific differences in their performance towards butanol production. 

Furthermore, mathematical analysis was carried out describing the kinetics of glycerol 

consumption and cell growth. The kinetics of glycerol consumption was based on an integral 

equation development and a growth invariance function was used to study the kinetics of cell
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growth. The development of integral equation was done with the assumption that glycerol 

consumption and cell growth are linked through the kinetics of the process. Two different 

approaches were adopted for calculating the rates of glycerol consumption and cell growth 

respectively.  

The glycerol consumption rate, (
𝜇𝑚𝑘1

𝑘𝑆
) (ℎ−1); range 1.30*10-3 to 29.7*10-3, was estimated 

from the integral equation through the experimental values of glycerol consumption.  

The cell growth rate, 𝑟 (ℎ−1); range 3.06*10-3 to 32.4*10-3, was estimated from the growth 

invariance function through the calculated values of cell mass concentrations.  

It was observed from the evaluated values that the parameters, 𝑟 (ℎ−1) and (
𝜇𝑚𝑘1

𝑘𝑆
) (ℎ−1) are 

related. Therefore, using two different approaches (i) integral equation, and (ii) growth 

invariance function, the calculated rates were observed to be similar that validated the 

development of the integral equation and the basis that glycerol consumption and cell growth 

are interrelated. Additionally, the growth invariance function was used to represent the 

clostridial growth data, corresponding to different experimental conditions, in terms of a 

narrow band of curves of dimensionless population density versus dimensionless time. It 

depicted invariance that is represented graphically by the consistent clostridial growth profiles 

under different experimental conditions, with quantitative support from the range obtained for 

the cell growth rate {𝑟 (ℎ−1): 3.06*10-3 to 32.4*10-3}. 
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सार 

दुनिया भर में ऊर्ाा के वैकल्पिक स्रोतोों की माोंग बढ़ रही है और बायोडीर्ल उद्योग ऐसा ही एक उद्योग 

है र्ो तेर्ी से बढ़ रहा है। ल्पिसरॉल (10 wt.%) बायोडीर्ल उत्पादि के साथ-साथ एक उप-उत्पाद के 

रूप में उत्पानदत नकया र्ाता है और यह एक कम उपयोग वाला उत्पाद बिा हुआ है। उत्पानदत ल्पिसरॉल 

का केवल एक छोटा सा नहस्सा ही ल्पिसरॉल बाजारोों में र्ाता है क्ोोंनक ल्पिसरॉल शुल्पिकरण में उच्च 

लागत शानमल होती है। यह उत्पानदत अनिशेष ल्पिसरॉल में मूल्य-सोंविाि का अवसर प्रसु्तत करता है। 

ल्पिसरॉल का उपयोग बायोबू्यटेिॉल उत्पादि के नलए नकया र्ा सकता है, र्ो एक सोंभानवत वैकल्पिक 

ईोंिि है, नर्समें 29.2 MJ/L की बहुत उच्च ऊर्ाा सामग्री होती है। बायोबू्यटेिॉल उत्पादि पारोंपररक रूप 

से क्लॉल्परि नडयम प्रर्ानतयोों का उपयोग करके अवायवीय नकण्वि प्रनिया का उपयोग करके नकया र्ाता 

है नर्समें नि-चरणीय चरण शानमल होते हैं र्ो एनसडोरे्निक (एनसड-उत्पादक) और सॉल्वेंटोरे्निक 

(नवलायक-उत्पादक) होते हैं। वतामाि अध्ययि िे क्लॉल्परि नडयम पेस्ट्यूररयिम के तीि उपभेदोों का 

उपयोग करके समग्र बू्यटेिॉल उपर् में सुिार करिे के उदे्दश्य से ल्पिसरॉल से बायोबू्यटेिॉल उत्पादि 

की खोर् की: ATCC 6013, NCIM 2880, और NCIM 2882। उले्लखिीय रूप से, मौरू्दा सानहत्य में 

आमतौर पर र्ोंगली-प्रकार के क्लॉल्परि नडयम पेस्ट्यूररयिम उपभेदोों के नलए ल्पिसरॉल से कम समग्र 

बू्यटेिॉल उपर् की ररपोटा की र्ाती है, र्ो अक्सर लगभग 0.3 ग्राम/ग्राम (बू्यटेिॉल का ग्राम/ल्पिसरॉल 

का ग्राम) होता है। नकण्वि माध्यम में ल्पिसरॉल के साथ बू्यनटररक एनसड के साथ सह-सब्सटि ेट नकण्वि 

दृनिकोण को नियोनर्त करके, रि ेि ATCC 6013 िे समग्र बू्यटेिॉल उपर् में 30% की महत्वपूणा वृल्पि 

हानसल की, र्ो 0.39 ग्राम/ग्राम तक पहुोंच गई। इस काया िे ल्पिसरॉल-आिाररत बू्यटेिॉल उत्पादि के 

नलए उपभेदोों NCIM 2880 और NCIM 2882 के पहली बार उपयोग को भी प्रलेल्पखत नकया और 

बू्यटेिॉल उत्पादि के प्रनत उिके प्रदशाि में उपभेद-नवनशि अोंतरोों को उर्ागर नकया। इसके अलावा, 

ल्पिसरॉल की खपत और कोनशका वृल्पि की गनतकी का वणाि करते हुए गनणतीय नवशे्लषण नकया गया। 

ल्पिसरॉल की खपत की गनतकी एक अनभन्न समीकरण नवकास पर आिाररत थी और कोनशका वृल्पि की 
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गनतकी का अध्ययि करिे के नलए एक वृल्पि अपररवतािशीलता फों क्शि का उपयोग नकया गया था। 

अनभन्न समीकरण का नवकास इस िारणा के साथ नकया गया था नक ल्पिसरॉल की खपत और कोनशका 

वृल्पि प्रनिया की गनतकी के माध्यम से रु्डी हुई हैं। ल्पिसरॉल की खपत और कोनशका वृल्पि की दरोों की 

गणिा के नलए िमशः  दो अलग-अलग दृनिकोण अपिाए गए। ल्पिसरॉल की खपत दर (
𝜇𝑚𝑘1

𝑘𝑆
) (ℎ−1); 

रेंर् 1.30*10-3 से 29.7*10-3, ल्पिसरॉल की खपत के प्रायोनगक मूल्योों के माध्यम से अनभन्न समीकरण 

से अिुमानित की गई थी। सेल वृल्पि दर, 𝑟 (ℎ−1); रेंर् 3.06*10-3 से 32.4*10-3, सेल द्रव्यमाि साोंद्रता 

के गणिा नकए गए मूल्योों के माध्यम से वृल्पि अपररवतािशीलता फों क्शि से अिुमानित की गई थी। 

मूल्याोंनकत मािोों से यह देखा गया नक पैरामीटर, 𝑟 (ℎ−1) और (
𝜇𝑚𝑘1

𝑘𝑆
) (ℎ−1) सोंबोंनित हैं। इसनलए, दो 

अलग-अलग तरीकोों (i) इोंटीग्रल समीकरण, और (ii) ग्रोथ इिवेररएों स फों क्शि का उपयोग करके, गणिा 

की गई दरें  समाि पाई गईों, नर्सिे इोंटीग्रल समीकरण के नवकास और इस आिार को मान्य नकया नक 

ल्पिसरॉल की खपत और सेल वृल्पि आपस में सोंबोंनित हैं। इसके अनतररक्त, ग्रोथ इिवेररएों स फों क्शि का 

उपयोग आयामहीि र्िसोंख्या घित्व बिाम आयामहीि समय के विोों के एक सोंकीणा बैंड के सोंदभा में, 

नवनभन्न प्रयोगात्मक ल्पिनतयोों के अिुरूप, क्लोरि ीनडयल वृल्पि डेटा का प्रनतनिनित्व करिे के नलए नकया 

गया था। इसिे इिवेररएों स को दशााया है नर्से सेल वृल्पि दर 𝑟 (ℎ−1) के नलए प्राप्त सीमा से मात्रात्मक 

समथाि के साथ, नवनभन्न प्रयोगात्मक ल्पिनतयोों के तहत सुसोंगत क्लोरि ीनडयल वृल्पि प्रोफाइल िारा 

ग्रानफक रूप से दशााया गया है: 3.06*10-3 से 32.4*10-3}।  
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