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About CSIR-IIP 

Indian Institute of Petroleum (IIP) is one of the renowned laboratories of the Council of Scientific & Industrial 

Research (CSIR)-New Delhi, India. CSIR-IIP started working in Delhi in September 1960, and later in 1963, 

it was shifted to Dehradun, as a leading institution devoted to R&D in the Energy and Hydrocarbon Sector. 

IIP is accredited with ISO 9001: 2015 certification and works in multidisciplinary areas of R&D in 

hydrocarbons and related industrial processes. 
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CSIR-IIP has ongoing processes based on Petroleum Refining, Catalysts for the Refining & Separation Process, 

Solvent Extraction, Adsorption, Membranes, Lubricating Oil Base Stocks Processes, Modified Bitumen and 

Carbon Materials, Modelling & Simulation, Bioprocessing of Petroleum Streams, Polymers, and 

Chemicals/Petrochemicals. In addition, the institute has expertise in Process & Product Development, Scale-

up, Optimization, Techno-economic Feasibility Studies, Technology Assessment, Energy Audit & 

Conservation in Chemical Plants, Vehicular Pollution Reduction, and Alternative Fuels in Internal-

Combustion (IC) Engines. 

 
CSIR-IIP evolved countless processes and technologies dependent on oil-based commodities and gained by 

numerous enterprises. The technology-based BIS specification is designed for the assessment of petroleum 

goods. The institute has also established global tie-ups for contract research and technical services and has 

filed/granted patents in India and abroad. Likewise, countless research articles have been published in reputed 

International and National journals. The innovation of Bio-jet Fuel produced using Jatropha oil has been 

developed and effectively blended for Indian Air Force (IAF) to fly the airplane, August 2018. CSIR-IIP has 

indeed set up a worldview by building up the "Waste Plastic to Diesel" plant, having an ability to deliver 800 

litres diesel from 1 ton of plastic squanders in its grounds, August 2019. The foundation was rewarded with 

numerous famous and esteemed honors in acknowledgement of greatness in the petrochemical fields. 

 
CSIR-IIP has also played a crucial role to combat the ongoing COVID-19 pandemic. The Institute extended 

its support and established the Himalayan Centre for Virus Diagnostics (a laboratory for the RTPCR testing) 

in its campus itself. Also, to provide an inexhaustible supply of oxygen to the hospitals. The institute has 

developed oxygen enrichment units that can generate up to 500 litres per minute (LRM) of medical-grade 

oxygen (MO2). A field-deployed MO2 plant is successfully commissioned at Aundh Chest Hospital, Pune on 

21st May 2021. 
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K-01 

 

 

 
Abstract: 

 

 

Challenges and prospects of hydrogen as an energy carrier 
Pratibha Sharma 

Department of Energy Science and Engineering 

IIT Bombay 

Email: pratibha_sharma@iitb.ac.in 

Hydrogen is receiving a lot of global interest, which is driven by the advantages of its use for 

decarbonisation across various sectors. With its higher energy content, clean exhaust, flexibility in 

energy systems on its use, reduction of emissions in hard to abate sectors, hydrogen is a potential 

energy carrier. With all these pros, there are challenges associated with its storage. There are several 

ways in which hydrogen can be stored. The talk will cover various aspects of the hydrogen value chain, 

the existing technologies and the challenges associated. 

 

Take away Message: 
• Green hydrogen production is the key requirement for its use for decarbonisation 

• Storage is the major bottleneck 

• A lot of interest globally towards hydrogen technologies is being observed 

 
Biography: 

Prof. Pratibha Sharma is Professor in the Department of Energy Science and Engineering at Indian 

Institute of Technology Bombay. She is recipient of gold medal at her master’s level and received 

“Best thesis award” and gold medal for her PhD work by the Department of Atomic Energy in DAE 

Solid State Physics Symposium. Her research interests include hydrogen storage materials and 

systems, hydrogen utilization, low-cost earth abundant materials for photovoltaic applications and 

materials for bio medical applications. She has worked on various types of hydrides for solid state 

hydrogen storage, their modifications, catalysis, support and tailoring the reaction mechanisms. She has 

been working on simulation, design and development of hydrogen storage reactors for various 

applications. She is currently on the editorial board of International Journals, reviewer for several 

renowned International Journals, serving on the organizing and advisory committees of a large 

number of conferences. She has delivered several invited talks and keynote addresses in different 

international conferences. She has supervised 13 PhD students, more than 30 MTech and M.Sc. 

students. She has more than 80 referred international journal publications and four patents to her 

credit. She has been awarded with the “Outstanding Service Award” by the International Association 

of Hydrogen Energy, for her altruistic contribution towards the world hydrogen economy. Prof. 

Sharma is leading several multi-institutional R&D projects on Hydrogen systems development and 

integration for different applications. These projects have several IITs and industries as partner which 

are working together for hydrogen-based solutions. 

 

mailto:pratibha_sharma@iitb.ac.in
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K-02  

Sabic: Circular Economy 
Dr. Rajeshwer Dongar 

Director, SRTPL & Chemicals Technology Platforms, T&I, 

Technology Platforms SABIC Research & Technology Pvt. Ltd., Bangalore, Karnataka, India 

Email: Rajeshwer.dongara@sabic.com 

 

Abstract: 

Introducing the need for plastic recycling and use as alternative feed stock in crackers and refinery 

conversion units. SABIC initiatives through “TRUCIRCLE™”. 

 
Take away Message: 

• Need to learn how to manage the plastics and the opportunities and challenges 

• Technology options to plastic recycling 

• Regulations and the commitments of the organizations like SABIC to be sensitive and respond 

to improve the environmental needs 
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K-03  

Biogas, bioethanol, algae-based CO2 sequestration: Scale-up challenges and 

research needs relevant to indian scenario 
1Sandeep N Mudliar 

1Plant Cell Biotechnology Department, CSIR-CFTRI, Mysore, Karnataka, India, 

Email Id: sandeepm@cftri.res.in 

 

Abstract: 

Due to the increasing impact of climate change, there is an urgent need to objectively position biofuels 

as a sustainable alternative fuel, and accelerate research in this area. The bottlenecks and challenges 

limiting its implementation also needs to be addressed as early as possible. In this talk, biofuel 

candidates namely, biogas, bioethanol, and algae-based CO2 sequestration will be discussed, with a 

focus on the challenges and opportunities, and emphasizing the research needs in this area to make 

them sustainable. A holistic approach will be indicated encompassing process development considering 

each unit operation, process-energy-water optimisation, process integration, wastewater treatment and 

ZLD, process modelling and control, LCA, estimation of CAPEX and OPEX, unit production cost and 

use of objective indicators like Net Energy Ratio (NER) to assess energy positivity. Further, the talk 

will also highlight the potential of algae-based CO2 sequestration. An integrated biorefinery approach, 

with biofuel as a major product along with multiple co-products, will also be indicated to ensure 

overall economic and environmental sustainability. 

 

Take away Message: 

A holistic integrated approach and scale-up challenges for biofuels relevant to Indian scenario. 
 

Biography: 

Dr. Sandeep N Mudliar, Sr. Principal Scientist, CSIR-CFTRI 

(2013…) CSIR-NEERI, (1998-2013), Praj Industries, Pune 

(1996-1998) 

Education: M. Tech in Chemical engineering (ICT, Mumbai); PhD in Chemical-Bioprocess 

engineering (CSIR-NEERI); Raman Fellow, Duke University, USA. 

Area of expertise: 

• Biofuels, Wastewater Treatment, Zero-Liquid Discharge 

• Advanced Oxidation Process (AOP) for Wastewater Treatment and Food applications 

• LCA, sustainability and cleaner processing 

• Nexus between Energy-Food-Environment-Health 

• Technology development and demonstration in collaboration with industries and stakeholders 
 

mailto:sandeepm@cftri.res.in
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G-01  

Hydrothermal liquefaction of diverse feedstocks for sustainable solid waste 

management and energy production in the Indian context 
R. Vinu1 

1Department of Chemical Engineering, Indian Institute of Technology Madras, Chennai 600036, 

Tamil Nadu, India 
Email: vinu@iitm.ac.in 

 

Abstract: 
Hydrothermal liquefaction (HTL) is a promising thermochemical conversion technique to process wet 

feedstocks. The products of HTL include organic bio-crude, biochar, and non- condensable gases. 

Compared to other waste-to-energy conversion processes like combustion, gasification and pyrolysis, 

HTL is a promising route as it does not involve drying of the feedstock for moisture removal, which is 

usually a costly operation. Although HTL is a reasonably established process in the laboratory in liter-

scale to process few milligrams to grams of biomass, it is yet to be employed on a commercial scale to 

process huge quantities of diverse feedstocks. 

HTL is an important process in the Indian context for municipal solid waste (MSW) management. 

Indian MSW is unique as it is a heterogeneous, unsegregated mixture of bio- organic and bio-inorganic 

wastes. In this presentation, I will describe our journey in developing HTL technology to convert a 

variety of feedstocks including biomass residues, micro/macro algae and MSW to fuels and energy. 

Through a series of well-designed experiments, we have determined the optimum process conditions 

to maximize the product yields and their quality. I will also discuss our approach to scale-up this 

process to clean the existing landfills, and the go-to-market strategy. 

 

Take away Message: 

• Hydrothermal liquefaction is a potential strategy to manage unsegregated solid wastes 

• The decomposition of biomass results in high selectivity to phenols, cyclopentenones and 

esters in the bio-crude 

• Optimum use of co-solvents can improve the yield of bio-crude, but can also affect the overall 

technoeconomic of the process 

 

Biography: 

Dr. R. Vinu is currently an Associate Professor in Chemical Engineering department at IIT Madras, 

Chennai. He also serves as the Solid Waste Management area co-ordinator of the Indo German Center 

for Sustainability (IGCS) at IIT Madras. He obtained Ph.D. in Chemical Engineering from Indian 

Institute of Science, Bangalore, in 2010. Prior to joining IIT Madras in 2012, he was a postdoctoral 

researcher in the department of Chemical and Biological Engineering at Northwestern University, USA. 

At IIT Madras, he leads an active research group that focuses on thermochemical conversion of a 

variety of feedstocks such as biomass, waste plastics, algae, municipal solid wastes and low-quality 

coals to liquid fuels and chemicals. He has demonstrated the use of low power 

microwave-assisted pyrolysis technique for the production of liquid bio-oil, nanoporous biochar and 

carbon nanotubes from renewable and non-renewable feedstocks. 

5th National Symposium on Shaping the Energy Future: Challenges and Opportunities (SEFCO) 
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He has published over 100 scholarly research articles in various international journals and book 

chapters. He is the recipient of Young Engineer and Young Scientist Awards of prestigious academies 

and institutes like IEI, ICT Mumbai, INSA, NASI, IIChE, IAS Bangalore and IIT Madras. He also 

serves as the Editor of Advanced Powder Technology, and in the editorial board of Journal of 

Analytical and Applied Pyrolysis. 
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G-02  
 

 

Bio-refinery plant for the sequential production of bio-diesel, bioethanol, 

biohydrogen and biomethane using tannery solid wastes and treatment 

plant sludges as “waste into wheel” 
Dr. P. Shanmugam 

Department of Environmental Sciences, CSIR - Central Leather Research Institute Adyar, Chennai 
Email: pshanmugham@clri.res.in 

 

Abstract: 

There are about 2300 tanneries in India using 1,00,000 tons of raw hides and skins, producing around 

60,000 tons of solid waste per annum. A high quantity of fat and protein rich organic wastes from 

tanneries are presently managed through open dumping, land filling, composting, causes high 

environmental damages. These environmental damages include ground water contamination, odour, 

climate change, air pollution problems etc., Alternatively, the tannery solid wastes were managed 

through the production of biogas, composting, vermi-composting etc., However, the production of 

biogas led to high residual organic waste that, again possess severe threat to the environment. 

Alternatively, the zero solid discharge (ZSD) technology is imminent that has been achieved through 

the concept of bio-refinery. A lab-scale (0.5- 1L/batch), pilot scale (10-20L/batch) batch production of 

bio-diesel, bioethanol, biohydrogen and biomethane production by transesterification, 

solventogenesis, hydrogenesis, methanogenesis has been successfully researched. The same was scaled-

up to commercial scale (2 tons/day) bio-refinery plant for the sequential production of bio-diesel, 

bioethanol, biohydrogen and biomethane that has been implemented and demonstrated by CSIR-CLRI 

for M/s Ranitec Common Effluent Treatment Plant Pvt Ltd at Ranipet. Around 80-100 L of biodiesel, 

40-50L bioethanol (with addition of molasses + CETP sludge), 35-45m3 of biohydrogen and 50-60 m3 

of biomethane per ton of tannery solid waste. This has realized many fold increase in CO2 emission 

reductions upon the existing solid waste management technologies such as open-dumping, landfilling, 

composting, gasification, with high carbon foot prints, and a carbon neutral technology fulfilling as an 

alternative to expensive fuel pricing. The produced multiple biofuels have been successfully tested in 

automobiles with different blending ratios of bio-diesel with petro-diesel, bio-hydrogen + bio-

methane with their automobile exhaust emission properties and described in the present paper. 

 

Take away Message: 

• Bio-refinery became a techno-economically a viable solution for an efficient solid waste 

management of tanneries achieving zero solid discharge. 

• The material, mass, energy balance analysis model from waste to bio-fuel to energy has 

been demonstrated. 

• High revenue, pay-back period, (return on investment), carbon-footprint, CDM, becoming 

a carbon neutral technology is feasible. 

• A lab into, pilot into commercial scale business bio-fuel model demonstrated 

• This technology can be extendable for other food, vegetable and municipal solid waste management 
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Biography: 
Dr Palaniyandi Shanmugam Senior Principal Scientist, Head, Environmental Sciences group at CSIR- 

Central Leather Research Institute, Chennai, obtained his PhD degree on Environmental Engineering 

from University of Leeds (UK) through Commonwealth Fellowship after his Master Degree on 

Environmental Engineering from Indian Institute of Technology (IIT), Madras. Dr Shanmugam has 

been working with CSIR for the past 29 years on urban air, noise and automobile pollution and 

producing bio-diesel, bioethanol, bio-hydrogen and bio-methane from the industrial and municipal 

solid waste. Dr Shanmugam has synchronized his individual bio-fuel expertise into a single 

commercial world’s first Bio-refinery plant at onsite in Ranipet, Vellore District. 
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G-03  
Value creation from recycling biomedical waste: A circular perspective 

Dr. Anuya Nisal1 
Polymer Science and Engg. Division, CSIR-National Chemical Laboratory, Pune, India, 

Team: Dr. Harshavardhan Pol, Dr. Anuya Nisal, CSIR-NCL, Pune 

In collaboration with: Dr. Sanat Kumar and Dr. Ajay Kumar, CSIR-IIP, Dehradun 
Email: aa.nisal@ncl.res.in 

 

 

Abstract: 
The Covid-19 pandemic has impacted more than 180 countries across the globe. There is clear evidence 

that establishes human-to-human transmission of the SARS-COV-2 virus. To safeguard the health of 

people coming in contact with COVID-19 patients, the governments across the globe have issued 

guidelines for use of personal protective equipment, which are designed to minimize the exposure to 

this biological agent. This has resulted in the generation of huge quantities of COVID-19 contaminated 

biomedical waste and several countries globally have devised and implemented protocols for safe and 

effective disposal of this biomedical waste. The standard protocol adopted by most countries includes 

centralized incineration or deep burial of this waste. A huge component of the biomedical waste is the 

gowns/overalls that are used by healthcare warriors, testing laboratory personnel and air-travelers. 

CSIR-NCL has developed and standardized protocols that enable decontamination of this PPE waste. 

The decontaminated waste has been safely and efficiently recycled to produce valuable non- structural 

automotive components. We have also received appropriate regulatory permissions to implement this 

technology in collaboration with multiple industries on a 100kg pilot scale in the Pune region. Thus, 

in this work, we demonstrate that efficient and safe recycling of biomedical waste into useful value-

added products will result in significant carbon benefits and reduction in GHG emissions caused due to 

incineration. 

 

Take away Message: 

• India generated more than 33000 tons of COVID biomedical waste in 2020. This COVID 

waste is today disposed at a centralized incineration facility. 

• CSIR-NCL has developed and standardized protocols that enable decontamination of this 

personal protective equipment waste. The decontaminated waste has been safely and 

efficiently recycled to produce valuable non-structural automotive components. 

• This technology is being demonstrated at 100kg pilot scale in collaboration with several 

industry partners for the Pune region. 

 

Biography: 

Dr. Anuya Nisal is a Principal Scientist in the Polymer Science and Engineering Dept. at CSIR-National 

Chemical Laboratory (NCL). She did her Ph.D. in Chemical Engineering from IIT, Mumbai and her 

masters in Materials Science and Engineering from University of Delaware, USA. She leads a group 

performing scientific research in the areas of polymers, biomaterials, medical devices and tissue 

engineering. She is also a Founder of a start- up Serigen Mediproducts Pvt. Ltd. that is developing 

silk - based devices for healthcare applications. 

mailto:aa.nisal@ncl.res.in
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Her work has been recognized through several awards including the INAE – Young Entrepreneur 

award 2020, Leaders in Innovation fellowship from Royal Academy of Engineering, UK, 2019 and a 

TIE-BIRAC-WiNER award for Women in Entrepreneurial Research. 
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G-04  

Synthesis of specialty chemicals via catalytic transformations by pincer- 

metal complexes 

Dr. Akshai Kumar Alape Seetharam 

Department of Chemistry, Indian Institute of Technology Guwahati 
Guwahati - 781039, Assam, INDIA 

Email: akshaikumar@iitg.ac.in 
 

Abstract: 
Ever since the first report by Moulton and Shaw in 1976, the chemistry of pincer metal complexes 

have witnessed an explosive growth and have found wide spread utility. The rigidity of the pincer 

framework along with the high thermal stability that it imparts allows pincer- metal systems to operate 

at temperatures not normally accessible to other homogeneous systems. In addition, the modularity of 

the pincer complex allows for an plethora of possible modifications not only to the three coordinating 

groups but also to the ligand backbone, thereby, facilitating excellent ligand tuning. In the recent past, 

pincer-metal complexes have been used in a myriad of applications promoting stoichiometric and 

catalytic transformations relevant to fuels, commodity chemicals and fine chemicals. The current talk 

would shed light on the efforts carried out in our lab in utilizing pincer- ruthenium complexes based 

on bis(imino)pyridine & 2,6-bis(benzimidazole-2-yl) pyridine ligands in accomplishing valuable 

transformations that include but are not limited to N-alkylation, C-alkylation, biofuel and lactic acid 

production. 
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G-05  

Designing biological systems for production of sustainable advanced 

biofuels 
Syed Shams Yazdani1 

1Microbial Engineering Group, International Centre for Genetic Engineering and Biotechnology, 

Aruna Asaf Ali Marg, New Delhi - 110067 India. 
Email: shams@icgeb.res.in 

 

Abstract: 

Use of abundantly available agricultural residues for energy production is likely to reduce global 

greenhouse gas production and increase self-sustainability in catering energy demand. Biochemical 

conversion of these biomass into biofuels are most environment friendly process. We engineered the 

genome of an indigenous fungus species to enhance its cellulolytic enzyme production capacity by 

deleting its catabolite repressor and overexpressing its enhancer and other important cellulolytic 

genes. The technology has been patented and scaled up to 15,000L scale for further use in 2G ethanol 

process. Further, to ferment C5 sugar present in the rice straw hydrolysate, we rewired the genome of 

a strain of E. coli to achieve more than 90% of ethanol efficiency from C5 sugar without the use of 

foreign gene. Moreover, adaptive evolution improved the productivity of ethanol on C5 sugar to >1 

g/L/h. We further engineered microbes to produce more energy dense fuel molecules, such as butanol, 

hexanol, pentadecane and hexadecene. Butanol was made via plasmid-free and marker-free genome 

engineered strain using Clostridial pathway. On the other hand, long chain alkane and alcohol were 

made via model-assisted engineering of E. coli, resulting in the highest titers reported so far. 

Take away Message: 

• Use of agricultural residues for producing biofuels are important for environment sustainability 

and food protection 

• However, the residues are recalcitrant in nature and need to processed via thermochemical 

and biochemical to deconstruct into fermentable sugar 

• Cellulolytic enzymes with high efficiencies and titer are key to derive fermentable sugar in 

cost-effective manner 

• All kinds of monomeric sugars, including pentoses and hexoses, need to fermented, for which 

pathway engineering is needed for production of ethanol 

• Microbial engineering can also lead to high titer production of advanced fuels like butanol, 

along chain alcohol and alkane 

 
Biography: 

Syed Shams Yazdani received his BSc (Hons) degree in Chemistry from Aligarh Muslim University 

and MSc and PhD in Biotechnology from Jawaharlal Nehru University, New Delhi. He was a post-doc 

fellow at ICGEB, New Delhi during 1999-2003 before becoming an independent research scientist at 

ICGEB from 2003 onward. He was also a visiting research associate at Rice University, Houston, USA 

during 2007-2008. 

He established the biofuel research at ICGEB in 2008 and is the Group Leader of the Microbial 

Engineering group since then. He was also instrumental in getting Centre of Excellence grant in 

biofuels from Department of Biotechnology and is the Coordinator of DBT-ICGEB Centre for 

Advanced Bioenergy Research since 2012. 

His recent achievements include development of most potent enzyme preparation for use in 2G-

ethanol process with the use of synthetic biology and genome editing tools in fungal system. This 

enzyme technology has been scaled-up to 15,000L scale for further commercialization.  
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Also, his effort in the genome and protein engineering led to highest reported value of drop-in fuel 

alkane in the bacterial system. 

 

He serves in various committees of Government of India such as DBT, DST, BIRAC and many 

academic institutions of high reputation. He is representing India in the Technical Expert Group of 

Synthetic Biology at UN Convention of Biological Diversity. He leads several multilateral 

international collaborative projects, including Indo-UK, Indo-Australia and Indo-US. He is a member 

of editorial board of Scientific Reports (Nature Publishing Group), Journal of Industrial Microbiology 

and Biotechnology (JIMB), Frontiers in Bioengineering and Biotechnology and Indian Journal of 

Biotechnology, and reviewers of many renowned peer review journals. He is author of >70 

publications in high impact international journals, such as JBC, Nature Communications, Metabolic 

Engineering, and 15 patent applications (with 3 US patents, 1 Chinese patent and 2 Indian patents 

granted). 
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G-06 

Microbes as cell factory for green hydrogen production 
Sanjukta Subudhi1 

1DBT-TERI Centre of Excellence in Advanced Biofuels and Bio-commodities, Advanced Biofuels 

program, The Energy and Resources Institute, Darbari Seth Block, Habitat Place, Lodhi Road, New 

Delhi, 110 003, India 

Email: ssubudhi@teri.res.in 

 
Abstract: 

Hydrogen is the cleanest carbon neutral form of fuel and has the highest energy density. On 

combustion it releases water and energy as by product and thus hydrogen got global attention as the 

fuel of future. Currently, 96 per cent of global hydrogen is produced from fossil fuels, either directly 

or indirectly resulting in Green House Gas Emissions. In this context biohydrogen produced from 

renewable sources offers promising option. Biohydrogen can be produced through; ‘direct/indirect 

bio-photolysis’, ‘photo fermentation’ and ‘dark fermentation’ processes. Hydrogen production rate 

through dark fermentation process is high compared to other bio-routes and this process does not 

require light as energy source. Thus, this process is widely explored globally to produce green 

hydrogen from alternate sources including spent organic matter, Agri-residue biomass. 

 
With a goal to develop technology for green hydrogen production, intensive research explorations are 

being carried out at TERI for hydrogen production from sugarcane black strap molasses, lignocellulose 

biomass (rice straw, wheat straw, sugarcane bagasse), aquatic plant, including 3rd generation de-oiled 

algae biomass. Select high hydrogen yielding microbial strains; Clostridium butyricum and 

Enterobacter cloacae, employed as cell factory for hydrogen production. The process parameters 

were optimized and subsequently the process was up scaled in pilot/large scale. This presentation will 

highlight on these aspects. 

Biography: 

Sanjukta Subudhi is a microbiologist and working as Senior Fellow at The Energy and Resources 

Institute (TERI), New Delhi. She leads the advanced microbial biofuel & biochemical research group 

at TERI. Research explorations of her group span the domain of; microbial production of clean fuel 

(bio-hydrogen, bio-methane, bio-butanol, bioethanol from 1st and next generation feed stocks) and 

green chemicals (2,3 Butane Diol, 1,3 propane Diol, lactic acid, lipase, biopolymer) and downstream 

purification of green chemicals. She had the opportunity to work in several bilateral and multilateral 

collaborative research projects with overseas research institutions (Finland, Germany, Australia, South 

Korea, U.S., U.K.). Dr Subudhi has to her credit over 100 research publications, conference papers, 

and proceedings that includes 45 high impact factor peer-reviewed international publications (1024 

citations, h-index - 18, I10 index – 24, RG score of 29.39), four patents, and three book chapters, 

besides winning several awards for best paper presentations in international conferences. 
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O-01 
Modeling and simulation of gas production using depressurization from 

Class 1 type gas hydrate reservoir 
Anupama Kumari1, C B Majumder2 

Department of Chemical Engineering, Indian Institute of Technology, Roorkee, Uttarakhand, India 

Email: 1akumari@ch.iitr.ac.in, 2chandfch@iitr.ac.in 
 

Abstract: 
Hydrates considered as a huge source of energy because it contains massive amount of methane or other 

gas. The growth of hydrate of natural gas has been supported by either from biogenic decomposition 

of organic material in the upper depth levels or through thermogenic decomposition from deeper 

sources. Gas hydrates are considered as a solid crystalline compound in which the molecules of gases 

are entrapped inside the cage of ice crystals. The gas molecules are called as guest molecule and the ice 

cage is called as hosts. The stability conditions of gas hydrates are high pressure and low temperature. 

Gas hydrates are regarded as an unconventional hydrocarbon source in the all over world and the 

methods that can be used for the dissociation of gas from gas hydrates are thermal stimulation, 

depressurization and chemical injection. Gas hydrates have the ability to fulfill natural gas demand in 

the future because it contains large amount of gas inside the ice caged like structure of water. All over 

the world, there are huge sized natural deposits of hydrates are present but effective and economic 

exploitation techniques have not been developed yet for the recovery of gas from gas hydrates. The 

production method of gas from gas hydrates are depressurization, thermal stimulation and chemical 

injection. Depressurization method becomes more effective and economic technique for the recovery 

of gas from hydrates. To simulate the gas production behavior by Depressurization method, a simulator 

TOUGH PLUS for hydrate module has been used. We have compared the amount of released gas with 

different time. Results show that the production rate of gas hydrates reservoir decreases initially and as 

time passes the rate increases and finally, after the maximum production of gas, the rate again decreases. 

 

Take away Message: 

• The audience can learn about the gas hydrates which can become an alternative source of fuel 

in the near future. 

• Other faculties can use the research area based on gas hydrates to expand their research or 

teaching because there is very few information are available about the gas hydrates. 

• The production of gas from gas hydrate reservoirs can give a practical solution for the fuel 

alternative is the near future. 

 

Biography: 
Anupama Kumari is a Ph.D. Scholar at Indian Institute of Technology, Roorkee and currently working 

in the field of Gas Hydrate. Currently, she is working on the project entitled “Development of Thermo 

Catalytic Technique for Gas Production from Hydrate Bearing Sediments” since December 2017. This 

project is funded by the “Gas Hydrate Research and Technology Center” and “Oil and Natural Gas 

Corporation Limited”. In this project, her research work is to perform the experiments on the formation 

and dissociation of gas hydrates in porous sediments. Her Ph.D. thesis topic is “Studies on the 

Formation and Dissociation of Gas Hydrates in Porous Sediments'' 
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O-02 
Gasification of high-ash Indian coal: Challenges and opportunities 

Rakesh Saini1,2, Suddhasatwa Basu1, Sanjay M Mahajani2 
1CSIR-IMMT, Bhubaneswar, Odisha, India 

2Department of Chemical Engineering, IIT Bombay, Powai, Mumbai, Maharashtra, India\ 

Email: RAKESHSAINI@IMMT.RES.IN 

Abstract: 
Energy crisis, climate change, and global warming are critical problems the world is currently facing. 

These issues arise due to the increased demand and uncontrolled utilization of fossil fuel-based energy 

resources, which necessitates advancement in available techniques and alternatives to be searched and 

developed. With this respect, coal and waste utilization through the gasification route has been 

considered as a promising energy generation technology compared to conventional combustion-based 

power units. 

The thermo-chemical route based on coal gasification has been explored extensively in the past few 

decades, applying experimental and modelling methods. Recent technological advancements in coal 

gasification play a vital role in understanding various complex reactions and processes involved, such 

as drying, pyrolysis, oxidation, and reduction inside the gasifiers. Multiple forms of gasifiers such as 

fixed bed, fluidized bed (FB), entrained flow, etc., have been developed, operating at atmospheric or 

pressurized states. Out of these different forms of the gasifiers, fluidized bed reactors, where the 

combustion reaction supplies endothermic heat required for gasification, are considered the most 

appropriate for Indian coal. Worldwide, quite extensive research work has been performed to model 

and predict the performance of gasifiers. These developed models can predict the effect of operating 

parameters such as air to fuel ratio, moisture content, temperature, pressure, etc., on the calorific value 

of the product gas and its composition. 

Although India has abundant coal reserves, there has been minimal progress at a commercial scale to 

gasify this coal due to its high ash content. In this regard, the major challenges are associated with 

increased capital and operational expenditure. Also, the existing gasification technologies are not 

matured enough to utilize Indian coal efficiently. In this presentation, we highlight the challenges and 

opportunities available for the gasification of high-ash Indian coal, considering its importance in 

achieving the goal of “Aatma Nirbhar Bharat” in the energy sector and developing a clean coal 

technology for steel making and chemical production. 

 

Take away Message: 

• Fundamentals of gasification technology 

• Critical parameters affecting gasification process 

• Challenges associated with the gasification of high-ash Indian coal 

• Future of gasification in India 

 
Biography: 
Mr. Rakesh Saini graduated from IIT Delhi in 2009 from the Dept. of Chemical engineering. He then 

joined SAIL- Bokaro steel plant and worked there for two years in the gas utilities department. The 

presenter completed his MASc in Chemical Engineering from Queen’s University, Canada. After 

working as, a Guest faculty in NIT- Jaipur for a semester, he joined the R&D division of Reliance 

Industries Limited and worked for five years at Manager rank. He then contributed to UOP India, 

HITC, Gurgaon as a kinetic modeling specialist for a year.Currently working as a Sr. Scientist in 

CSIR-IMMT, Bhubaneswar, in the mineral processing department and involved in coal gasification 

activities. He has published three international peer-reviewed articles in different journals. 
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O-03 
Cu MOF-199 as a selective storage adsorbent and support for the 

immobilization of carbonic anhydrase for the capture and sequestration of 

CO2 

Dana Susan Abraham1 and Margandan Bhagiyalakshmi2 
1,2Department of Chemistry, Central University of Kerala, Kasaragod, Kerala, India 

Email: dana@cukerala.ac.in bhagiyalakshmi@cukerala.ac.in 

 

Abstract: 

Carbon dioxide levels in the atmosphere surged dramatically as a result of industrialization and 

urbanization, disrupting the naturally occurring carbon cycle and driving global warming. The rising 

effects of global warming have become a major concern in recent years. There have been a number of 

techniques for CO2 capture and sequestration (CCS) that have been introduced as solutions to tackle 

this worldwide issue. CCS by metal organic frameworks (MOFs) has been hailed as the latest and most 

promising technology owing to their outstanding properties. In this study Cu-MOF 199 was synthesized 

and used as support for immobilization of carbonic anhydrase (CA) through cross linked enzyme 

aggregates (CLEA). The selective adsorption of CO2 on Cu-MOF was investigated by High pressure 

TGA. Also, biocatalytic capture of CO2 and its precipitation as CaCO3, over carbonic anhydrase 

(CA) immobilized on Cu-MOF support was examined. The hydrolysis of para-nitrophenyl acetate (p-

NPA) was used to test the behavior of the immobilized enzyme. Selective CO2 adsorption is highly 

reliant on the strength of CO2 interactions with MOF-199. The CA-MOF 199 composite improved 

enzyme properties such as catalytic strength, thermal stability, reusability, and storage stability 

significantly. As compared to free CA, the Kcat/Km value of immobilized CA was lower. However, 

the immobilized CA can be reused for many cycles. CA immobilized on Cu MOF-199 has shown to be 

effective in CO2 sequestration into carbonate minerals. The results of this study pave the way for the 

use of MOF-199 as a new host matrix for selective adsorption of CO2 and immobilizing the CA 

enzyme in order to provide a green, robust, reusable, and convenient biocatalyst for CO2 

sequestration catalytic applications under mild conditions. 

 

Take away Message: 

• Enhancing the performance of Cu-MOF 199 in practical conditions. 

• Developing experiments that will investigate how structural and chemical changes occur 

during CO2 adsorption and desorption is highly desirable in order to understand the 

mechanism of CO2 capture. Crystalline MOFs can be utilized for this purpose, which could 

lead to new insight into CO2 capture rates. 

• It could be said that MOFs offer the immobilized enzymes a number of benefits, including 

reusability, catalytic activity, and stability. 

• The goal is to inspire chemists to further explore MOF–enzyme composites, in order to turn 

them into more practical applications for CCS. 

 

Biography: 

Dana Susan Abraham is currently a first year PhD student, working under the supervision of Dr.M. 

Bhagiyalakshmi, Assistant Professor, Department of Chemistry, Central University of Kerala, 

Kasaragod. She holds MSc. and BSc. Degrees in Chemistry both from Mar Ivanios College 

(Autonomous) Nalanchira, Thiruvananthapuram. Her research interest is in the field of 

electrochemical applications in Metal Organic Frameworks. 
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O-04 
Coalash: A value-added waste material for energy efficient building 

Dr. Avijit Ghosh 

CSIR-Central Glass & Ceramic Research Institute, Kolkata, West Bengal, India, 

Email: avijit@cgcri.res.in 

 

Abstract: 

Coal ash (Fly ash and Bottom ash both) can be utilized as a Sand substitute in Concrete and Mortar by 

Building Construction Industry. For ordinary dwelling unit (up to 4-story height), the reinforced cement 

concrete grade used is M-20 (for Columns, Beams and Footings) and M-15 (for Slab). Considering 

design mix for those grades of concrete, sand replacement is found to be possible up to 40% by coal 

ash. Besides attaining the required strength, the concrete mix shall also help in reducing thermal 

transmission parameters through the same. Further, the brick mortar and plastering mix also can be 

modified by fly ash substitution up to 50%, resulting in required strength achievement as per IS 2250 

provisions, with the added benefit of lower thermal transmission values. Since exposed concrete roof 

receives maximum solar radiation and transmits the heat inside, the same can be minimized by placing 

heat-insulating tiles on roof slab with minimum embodied energy content, made up of suitable concrete 

mix with fly ash and shredded waste plastic (< 50µ thickness) as two of the waste-based ingredients. 

While the concrete and mortar mix can be adopted at construction site level with the above blending, 

Ready to use Mortar mix of specified Grade conforming to IS 2250 may be commercially marketed 

with Cement-Sand Fly ash in dry mix form under an airtight packaging system with a specified shelf 

life. The roof tiles of 300mm*300mm*25mm can be manufactured by SME Sectors with minimum 

machinery and skill set requirement. Some basic training can be imparted, and testing facilities for 

maintaining quality standards are required. This methodology shall be cheap and useful for PMAY as 

also for the Mass Housing approach in our country. Besides being economic, coal ash could be utilized 

up to the fullest extent by the building industry with all the environmental benefits. 

 

Take away Message: 

• Conventional and popularly known one of the main ingredients of Concrete and 

Mortarmixes could be substituted by the industrial waste. Additionally, such substitution 

would exhibit some insulating feature. 

• Such substitution could save rapidly depleting sand reserves, as well as 100% coal ash 

utilization would be possible. In spite of various efforts by MoEFCC, 100% utilization 

could not be made possible, and a staggering quantity of 1494 Million Metric Tons (till 31st 

March, 2020) PAN India basis exist. 

 
Biography: 

Dr. Avijit Ghosh graduated in Civil Engineering in 1985, did his M. Tech on Energy and PhD (Engg.) 

from Jadavpur University. Fellow of Institution of Engineers (India), Certified Energy Auditor by 

Bureau of Energy Efficiency (BEE), Ministry of Power, GOI, Energy Conservation Building Code 

Master Trainer by BEE and Rooftop Solar Master Trainer. Served a few PSUs and joined CSIR-

CGCRI on 26/12/2000 and continuing. Working in the field of Building Energy Conservation and 

Efficiency since past 15 years. Instrumental in winning Energy Conservation Awards in 2016 and 

2017, instituted by CII. Published 3 Research papers in peer reviewed Int’l Journals of high IF, and 

one book chapter in Springer Nature published book. Delivered 50+ Lectures as Invited Speaker in 

different Seminars/Workshops, and selected as Resource Person for the Training of Energy Managers, 

Energy Auditors and Other Professionals in the field of Building Energy Conservation. 
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O-05 

A flexible piezoelectric tactile sensor based on electrospun PV 

nanofibers 
Athira B.S. 1, Dr. K. P. Surendran2, Dr. Achu Chandran3 

1Material Science and Technology Division, CSIR- NIIST, Thiruvananthapuram, Kerala, India 
2Material Science and Technology Division, CSIR- NIIST, Thiruvananthapuram, Kerala, India 
3Material Science and Technology Division, CSIR- NIIST, Thiruvananthapuram, Kerala, India, 

Email: mailtoathirabs2014@gmail.com, kpsurendran@niist.res.in, achuchandran@niist.res.in 

 
 

Abstract: 

Flexible piezoelectric nanogenerators (PENG) are potential candidates in the field of human- machine 

interfacing, electronic skin, health monitoring etc. Here, we have fabricated a tactile sensor with 

electrospun PVDF/BaTiO3 nanofibers as piezoelectric material. Polyvinylidene fluoride (PVDF) is a 

well-known flexible polymer material and shows piezoelectric, ferroelectric and pyroelectric properties. 

Its piezoelectric properties can be enhanced in different ways by mechanical treatment, stretching or 

poling and also by incorporating it with other piezoelectric materials. Here, we have opted lead- free 

ferroelectric BaTiO3 nanoparticles for the better performance. The technique of electrospinning was 

used for obtaining PVDF/ BaTiO3 nanofibers with 92% beta- phase confirmed by FTIR and XRD 

characterization. A 2 cm x 2 cm device was fabricated for tactile sensing. It is highly sensitive with 

sensitivity 60 V and could produce current around 0.1 μA under a small force around 3 N. It ensures 

its promising applications in self- powered devices. Output enhancement is around 6 times compared 

to the bare PVDF and it is sufficient for powering electronic devices even from human motion. 

Theoretical model in COMSOL with the device parameters and experimental data also suggests the 

high piezoelectric co- efficient (d33) of electrospun PVDF/ BaTiO3 nanofibers. Its piezoelectric 

performance and flexible nature suggest its use as a source of sustainable energy in smart electronics. 

 

Take away Message: 

• It implies an ideal solution for energy crisis which we face today. 

• Green sources like solar, wind energy etc. cannot provide power continuously due to the 

dependence of climatic conditions. 

• Harvesting energy from human motion would be a great sustainable source for self- powered 

devices in smart electronics and internet of things. 

• Biocompatible piezoelectric materials can be used for health monitoring as well as medical implants. 

• Branch of Flexible and wearable devices is an emerging and interesting area now a days 
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Abstract: 

Nowadays the world’s demand for energy is drastically increasing. The scavenging of waste heat using 

thermoelectric generators has become a fruitful method in such a situation. The thermoelectric (TE) 

effect is the direct conversion of temperature differences to electric voltage and vice versa. A good TE 

material should have high electrical conductivity to minimize Joule heating, low thermal conductivity 

to prevent thermal shorting, and a high Seebeck coefficient for maximum conversion of heat to electrical 

power or electrical power to cooling. Electronic TE materials based on organic conjugated polymers 

have attracted considerable interest due to their advantages of easy processing, lower weight, cost- 

effectiveness, high flexibility along with their inherently low thermal conductivity. Conjugated 

polymers based on thienothiophene units have been intensively studied as photovoltaic materials, due 

to their good planarity of the conjugated backbone and high carrier mobility. However, TE properties 

have rarely been explored. In this work, we prepared thienothiophene based polymer composite film by 

mixing the polymers with SWCNT via probe sonication. Further characterization of composite was 

done using WAXS, UV-vis-NIR absorption and Raman studies. The nanocomposite exhibited a p-type 

TE behavior which increases with increasing the addition of SWCNT content. We achieved further 

enhancement of TE properties by doping with an oxidizing agent that increased the electrical 

conductivity and Seebeck coefficient remains unaltered. The doping mechanism on the composite has 

been studied using XPS and UPS results. Further, TE devices were fabricated with the as-prepared 

composite and silver as the electrode. A flexible 21 leg TE device gives an output power of 8nW is 

obtained at ΔT~ 65 K. 

 
Take away Message: 

• The present work provides the solution for capturing waste heat to useful energy 

• The present work give insight to the underlying physics of hybrid TE materials which can be 

useful for other researchers to expand their knowledge 

• The present work addresses the problems arises in making large area flexible TE devices 
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Abstract: 

Energy is essential to maintain and increase the standard of living. Energy saving are becoming more 

urgent because of its increasing demand day by day due to rising population. The use of energy is mostly 

dwelt with various sectors like industry, transport and in buildings especially it is utilized for heating, 

cooling, lighting and ventilation. As people spend their most of the time in indoor environment related 

to their carriers which tend to spend as much as energy for space cooling. One way to improve the 

situation with regard to energy and indoor comfort is to have building envelopes with variable 

throughput of visible light and solar energy. In line with these worldwide efforts, use of smart windows 

will significantly decrease the cost of air conditioning and sun shading, and simultaneously improve the 

indoor comfort with added decoration effect. Such windows are mostly relying on the chromogenic 

technologies in which the optical properties can be changed in response to external signal. 

Chromogenic materials based on transition metal oxide (TMOs) can alter their optical properties via the 

application of some external stimuli like potential, temperature, light etc. Herein we demonstrated a 

facile, low cost, environment friendly technique to synthesis photochromic solution of WO3-PVP, 

V2O5- PVP composite. These solutions show good photochromic behavior under the irradiation of UV 

light 365nm with coloring time of 3s and bleaching time of 30mins with good kinetics. The major 

challenge in this solution is to make bleaching time lesser. This property of the composite in altering 

the optical properties pave the way for real time applications like smart displays, smart windows, 

glasses. 

 
Take away Message: 

• Chromogenic technologies in smart materials help to save a good amount of energy in HVAC 

• Among the chromogenic systems, photochromic systems are simple, great solar modulation 

especially among infrared region, automatic modulation depends on photo excitation without 

any external energy supply accessories 

• The result show good photochromic behaviour with less switching time for real time applications 
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Abstract: 

Having a face mask is the new normal, with the current pandemic usage of disposable masks, especially 

surgical masks, are on the rise each day. In the present scenario, waste management systems are also 

failing and these masks reach our oceans and landfills and are worsening the global plastic pollution.1 

Additionally, it endangers different species as well as affects the climate. Furthermore, with the advent 

of the internet of things (IoT), the overall energy requirement for powering different sensors increased.2 

Here we have developed a facile triboelectric nanogenerator, as an innovative stone to hit these two 

birds at the same time for aiding the circular economy. Triboelectric nanogenerators3 are energy 

harvesters which convert ambient mechanical vibrations into electrical energy by the combination of 

triboelectric effect and electrostatic induction.4Here the disposed surgical masks along with Mylar, 

another plastic waste are used as the contact material for this waste material-based TENG (WM-TENG). 

Being a medical waste, the used masks need to be handled carefully and disinfected. After a detailed 

investigation UV-C radiation is selected for disinfecting the used mask owing to the retention of 

electrical energy output. The fabricated flexible WM-TENG working in contact separation mode is able 

to generate an open circuit voltage of 240 V peak-to-peak and short circuit current density of (peak-to- 

peak) 140 µA/m2 under moderate finger tapping. The peak power density for the WM-TENG was about 

11 mW/m2 under 108 Ω load. Moreover, with a rectifying circuit and a storage capacitor, the WM- 

TENG was able to power different electronic gadgets and sensors from finger tapping. Utilizing the 

WM-TENG as an energy source, it was able to perform different operations such as measuring the 

temperature of a room with a digital thermometer and doing small mathematical calculations using a 

calculator. The energy footprint for the fabrication of the WM-TENG could be practically considered 

to be nil compared to other nanogenerator developments. This flexible and low-cost nanogenerator 

without any complex fabrication steps is a sustainable solution for the alarming plastic pollution as well 

as the rising energy demands. 

 

Take away Message: 

• To bridge the gap between the required energy demand and availability, more of this kind of 

facile and sustainable energy alternatives are required 

• Being fabricated using reused materials the energy impact for the fabrication process is very 

low and it also aid the circular economy 

• Similarly, more innovations are required which focuses on improving the electrical output 

while keeping the fabrication process simple and affordable in the field of nanogenerators 
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Abstract: 

Responsible use of energy resources, conserving environment and improving well-being of the society 

are the major goals towards developing smart sustainable cities, and energy management is the inherent 

part of the smart sustainable cities programme. Due to high demand of energy in various sectors, energy 

management has become essential to utilize the available energy efficiently and understand energy 

usage behavior of the users to avoid possible energy wastage. 

In recent years, non-intrusive load monitoring (NILM) technique has become popular and emerging 

approach to monitor events and energy consumption of appliances/electrical utilities in buildings using 

single energy meter. The information about energy consumption at appliance level would help 

consumers to understand their appliance usage behaviour and take necessary steps for reducing energy 

consumption. The recent advancements in smart metering and internet of things (IoT) have made 

significant progress in real time implementation of non-intrusive load monitoring (NILM) algorithms 

in residential and industrial environments. CSIR-CSIO has developed NILM device ‘e-SENSE’ 

(Energy Sense) to monitor events of electrical utilities (loads/appliances) including the identical loads 

in a non-intrusive manner using Artificial Intelligence (AI)/Machine Learning (ML) algorithms. The 

motivation of this presentation is to address the challenge towards developing more accurate NILM 

systems using machine learning algorithms for effective energy management in buildings. Though, 

NILM has been introduced initially to monitor the events/status and energy consumption of the 

appliances in the residential/industrial buildings using a single energy measurement, it has widened its 

scope to explore on various applications in the recent years. The potential applications of NILM 

technique in various domains such as anomaly detection, shipboard maintenance, smart grids, 

substations and distributed energy resources, and ambient assisted living (AAL) are discussed. 

Therefore, the awareness about the importance of NILM systems in attaining effective energy 

management in residential/industrial environments and its future potential applications in various 

domains would attract researchers from different disciplines to work together towards achieving smart 

sustainable city for the society. 

 
Take away Message: 

• NILM would help the consumers to understand their electrical utility behavior and pattern 

through a real- time feedback report. 

• By adopting this technique, consumers can reduce the energy wastage either

 in residential/commercial/industrial environment. 

• Health Monitoring of loads in mission critical applications 

• Could be used as anomaly detection device 

• Could be used for the Life Cycle Assessment (LCA) of loads 
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Abstract: 

Lubricating additives play a pivotal role in automobiles and industrial machines. The present work 

describes the design and synthesis of three copolymeric lubricating additives using alkyl acrylates (Ac) 

and simulated feed containing 33 % long chain α-olefins (LCAO) in n-paraffins. The alkyl acrylates 

(C6, C10, and C16Ac) and α-olefins are taken in a 1:1 molar ratio, and the three different polymers P1, 

P2, and P3 are synthesized in a solvent-free medium by the free radical polymerization using benzoyl 

peroxide (BPO) as initiator. The polymeric additives (P1, P2, and P3) are blended with base oils, and 

their performances, such as density, pour point, viscosity index (VI), and corrosion properties were 

studied. The synthesized polymeric additives are miscible with base oils excellently, and they do not 

change the density of base oil and depress the pour point of base oils. All the polymeric additives are 

successful in depressing the pour points of base oils. The pour point of BO-1 is -21, and the use of P1 

depresses the pour point to <27 at 4000 ppm. However, P3 exhibits the best performance even at low 

concentration (2000 ppm) by depressing the pour point value to ca. 12 °C and 15 °C in case of BO-2, 

BO-3 respectively. In terms of viscosity index, P1 shows the better results at 6000 ppm concentration 

by increasing the VI by 13.9 % compared to P2 and P3, which is a maximum increase in VI among 

different base oils used for study. Increasing the concentration of polymeric additives in base oils reduce 

the corrosion as per the standard corrosion test method ASTM D130-12. 

 
Take away Message: 

• The present study focuses on the design and synthesis of acrylates-based additives which can 

be used to depress the pour point value and increase the viscosity index of lubricating oils. 

• Since the small improvements in properties leads to  decrease in  energy consumption  and 

waste production. 
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Abstract: 

Bismuth oxyhalides (BiOX, X= Cl, Br, I) are gaining interest as visible-light-responsive photocatalysts, 

but suffer from fast electron-hole recombination. Construction of heterostructures has been considered 

as a promising approach to reduce the recombination rate and improve the charge separation. In this 

work, a series of heterostructures have been successfully designed between bismuth oxyhalides and 

spinel ferrites CuFe2O4 (CFO) by a facile hydrothermal method followed by co-precipitation. The 

development of heterostructure resulted internal electric field at the junction interface which further 

facilitates the vectorial charge transfer. Thereby, significantly improved visible light–driven 

photocatalytic activity toward H2 generation has been achieved without using any noble metal co- 

catalyst. Interestingly, BiOCl/CFO heterostructure demonstrated 5.7 times higher H2 generation activity 

than pure BiOCl and two-fold improved catalytic efficiency compared to BiOI/CFO and BiOBr/CFO 

heterostructuresunder. From the impedance measurement and Mott-Schottky analysis it has been 

confirmed that low charge transfer resistance and high carrier concentration of BiOCl/CFO results high 

activity in water reduction. Moreover, from the band alignment analysis it has been demonstrated that 

a Type-II heterostructure formed for BiOI/CFO and BiOBr/CFO heterostructure and direct Z-Scheme 

formed for BiOCl/CFO heterostructure. This work offers a paradigm for the design of highly engineered 

BiOX based heterostructures with tailor-made band structures for efficient photocatalytic water 

splitting. 

 
Take away Message: 

• Sustainable methods, like photochemical and photo-electrochemical water splitting have been 

followed to generate renewable fuel H2 by developing low cost, stable and efficient 

photocatalysts. 
• Yes, this research could be useful for other faculty to expand their research. Here efficient 

heterostructure has been developed by facile method via proper engineering of band 
alignment. 

 
Biography: 

Ms. Susmita Bera is graduated as MSc in 2015. She then joined CSIR-Central Glass & Ceramic 

Research Institute and working on the topic of “Development of Semiconductor based 

Heterostructures for Photocatalytic Applications” under the joint supervision of Dr. Rajendra N. 

Basu, Former Chief Scientist, Fuel Cell & Battery Division and Dr. Srabanti Ghosh, Senior Scientist, 

Energy Materials & Devices Division. She has published 6 research articles on photocatalytic H2 

generation in peer reviewed SCI journals and one book chapter on heterostructures. She selected for 

‘Newton Bhabha’ short term visit at UK in 2019. 

 

mailto:sbera876@gmail.com


26 

 

 

 

O-12 

An improved method for the synthesis of double metal cyanide catalysts 

useful for the production of polyether polyols 

Akash Verma, Swati, Bhawna Sharma, T. Senthilkumar, Sudip K. Ganguly, Anjan Ray, 

Umesh Kumar* 
1Polymeric Materials Area (Chemical and Material Sciences Division), CSIR-Indian Institute of 

Petroleum, Haridwar Road, Mohkampur, Dehradun 248005, Uttarakhand, India 

Email: akashvikas0007@gmail.com 

 
Abstract: 

1960 was the pioneering year for the synthesis of first Double Metal Cyanide (DMC) catalyst. The 

DMC catalysts were found suitable for the ring opening polymerization (ROP) of epoxides. Most 

importantly, these catalysts are responsible for the synthesis of low unsaturation, and low hydroxyl 

number containing PEPO. Covestro, Bayer, BASF, and Dow Chemicals are main producer of polyether 

polyols (PEPO). Among them, Covestro is global leader. India is importing 350 KMT of PEPO 

equivalents to 725 million USD/annum. In general, DMC catalysts are being synthesized at elevated 

temperature (90-180°C), pressure 2-10 bar, 72h in an autoclave in small batches. DMC catalysts are 

inseparable from the products, therefore rigorous washing and chemical treatments are required to 

remove it from the product. 

At present, we have developed a room temperature synthesis method of zinc-iron based DMC catalysts 

using EDTA and tert-BuOH as novel complexing and co-complexing agents respectively. This DMC 

catalyst is active to produce low and high molecular weight (500-20000 Mw) PEPO with low 

unsaturation, hydroxyl number and PDI ranging from 1.2-1.5. The activity of zinc to iron ratio as well 

as complexing agent in DMC catalytic system have also been considered. The activity of different 

initiators has been tested for the ROP of propylene oxide. The effect of reaction parameters on the 

production of PEPO has also been optimized. PEPO with less PDI (1.01) and OH value (4.69 mg 

KOH/g) were obtained having high yield (>95%) at optimized reaction conditions (105 °C, 5 Bar and 

2500 ppm of catalyst). Different amount of complexing agent in the catalytic system are proven to be 

an important factor for the catalytic activity in polymerization process. DMC catalyst of our work is 

heterogeneous in nature, reusable and acquire high thermal stability. 

 

Take away Message: 

• Process to synthesize the catalyst and use it further for Polyether Polyols. 

• Slackening the amount of the catalyst in the present process by using less energy 

intensive method reduces the market cost of the products. 
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Abstract: 

There are a number of elementary reactions, important in combustion, which are not well characterized. 

A property of these reactions, not well understood, is the branching between a reaction’s different 

product channels. This information is critical for developing accurate models for combustion kinetics. 

Reactions, consisting of reactants with 1 or 2 carbon atoms, with major mechanistic uncertainty is the 

reaction of 3CH2 with 3O2 which is of fundamental importance in combustion. This reaction is 

complex as a result of multiple extremely exothermic product channels. In the present study, direct 

dynamics simulations were performed to study the reaction on both the singlet and triplet potential 

energy surfaces (PESs). The simulations were performed at the UM06/6-311++G (d, p) level of theory. 

Trajectories were calculated at temperatures of 300 and 1000 K and all reactive trajectories proceeded 

through the carbonyl oxide Criegee intermediate, CH2OO, on both the singlet and triplet PESs. The 

triplet surface leads to only one product channel, H2CO + O(3P), while the singlet surface leads to 8 

product channels with their relative importance as: CO + H2O > CO + OH + H ~ H2CO + O(1D) > 

HCO + OH ~ CO2 + H2 ~ CO + H2 + O(1D) > CO2 + H + H > HCO + O(1D) + H. The simulation 
3CH2 + 3O2 rate constant at 300 K is only 3.4 times smaller than the recommended value, which may 

be accommodated if the 3CH2 + 3O2 → 1CH2O2 potential energy curve is only 0.75 kcal/mol more 

attractive at the variational transition state for 3CH2 + 3O2 → 1CH2O2 association. The total 

simulation rate constant for the reaction at 1000 K is (1.2 ± 0.3) x 10-12 cm3molecule-1s-1, while the 

simulation rate constant at 300 K is 0.96 ± 

0.28 x 10-12 cm3molecule-1s-1. The simulated product yields show that CO is the dominant product and 

the CO: CO2 ratio is 5.3:1, in good comparison with the experimental ratio of 4.3:1 at 1000 K. On 

comparing the product yields for the 300 and 1000 K simulations, it is observed that except for CO and 

H2O, the yields of the other products at 1000 K are lower at 300 K, showing a negative temperature 

dependence. The simulations are used to obtain an atomistic understanding of the 3CH2 + 3O2 reaction 

dynamics and interpret experimental results. 

 

Take away Message: 

• The simulations discussed will provide an important first step in understanding the uncertain 

mechanistic kinetics for the elementary reactions important in combustion and yield critical 

information. 

• In addition, there are reactions with 3 and 4 carbon atoms for which the mechanistic kinetics are 

uncertain or there are issues regarding the possible need to consider larger carbonyl species as 

intermediates in the combustion model. This research can be undertaken or expanded by other 

researchers and through these inputs can be provided to experimentalists for designing safer 

combustion systems. 

• This modelling will aid in the use of alternative fuels and technologies for environmentally 

safer combustion systems and policy recommendations to promote such technologies and 

community-wide action to reduce health and climate impacts caused by combustion. 
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Abstract: 

The availability of pine needles as bio-residues is abundant in the Indian state of Uttarakhand. 340,000 

hectares of pine woods produce around 2.06 million tonnes of pine needles every year. Every year in 

Uttarakhand, these pine needles are the leading cause of forest fires. Pyrolysis bio-oil from pine needles 

contains about 50% phenols. Pine needle bio-oil phenols were partially substituted with phenols- 

formaldehyde (PF) resin at a rate of up to 40% by weight. As the proportion of bio-oil in the resin 

grows, the shear strength of the resin falls. The wood adhesive capabilities of a newly developed Bio- 

oil phenol-formaldehyde (BOPF) resin with 10 and 20% bio-oil replacements were found to be 

comparable to those of pure PF resin. The curing temperature reduced from 95 °C for pure PF to 60 °C 

for 20 wt% BOPF resin, according to the DSC curve, as bio-oil replacement increased. The % loss in 

weight increased as the bio-oil content increased, according to TGA and DTG data, and thermal 

degradation of BOPF resins was slightly lower than that of pure PF resin. Pure PF resins, as well as 10 

wt% and 20 wt% BOPF resins, were shown to have identical thermal characteristics. Bio-oil 

substitutions of 10% to 20% in BOPF resin resulted in the creation of more methylene bridges between 

phenols, indicating that it is better suitable as a wood adhesive, according to FTIR investigations. The 

10% and 20% BOPF resins had a flat microstructure, identical to the pure PF resin, according to 

scanning electron microscopy (SEM) research. This method could be utilized to commercialize BOPF 

resin. 

 
Take away Message: 

• Audience will learn that how they can utilize the forest/agricultural residue for cost-efficient and 

 environment-friendly adhesives for the production of plywoods 

• Other professors will gain expertise on how to use bio-residue as a result of this study. This 

technique could help local disadvantaged families make money by collecting pine needles 
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Energy for agriculture and Agro-based Industries in 2014. During these periods he has worked on 

Development of Transgenic plants, Secondary metabolite production in plant tissue culture, Microbes 

isolation from Jaggery and characterization, Cloning and characterization of beta glucosidase 

gene/enzymes from bacterial, Ethanol production, Enzyme production, Immobilization of cellulytic 

enzyme on SiO2 and Iron nanoparticles, Lipase immobilization and esterification of Bio-oil for 

biodiesel. He has guided 20 Masters and 5 Ph.D students of Biochemistry. He has published more the 

60 research papers in various journals. He has executed 2 ad-hoc projects from DBT, India and UGC 

and several projects on AICRP on EAAI. He also been awarded with UGC research award 2012 and 

Uttarakhand’s Governor Award 2016 for best research paper publication. 
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The effect of temperature on TE properties of organic N-type polymer: 

Graphene nanoribbon hybrid composite 

Sruthy Poovattil 1,2, Vijayakumar Chakkooth1,2, Biswapriya Deb1,2 
1Photosciences and Photonics, Chemical Science and Technology Division, CSIR-National 

Institute for Interdisciplinary Science and Technology (CSIR-NIIST), 

Thiruvananthapuram - 695019, India 
2Academy of Scientific and Innovative Research (AcSIR), Ghaziabad 201002, India 

Email: biswapriya.deb@niist.res.in 

 

 

Abstract: 

Thermoelectric (TE) power generators require high-efficiency TE materials to transform waste heat into 

usable electrical energy. An efficient TE material should have high Seebeck coefficient and excellent 

electrical conductivity as well as low thermal conductivity. Organic semiconductors have attracted 

increasing attention. The low-temperature TE materials are of low-cost, environment friendly, solution 

processible, mechanically flexible and they can be used for large area application. A working TE 

module should consist of both p- and n-type components for optimum performance. However, most of 

the efficient polymer-based TE materials developed so far is p-type in nature. The development of n- 

type conjugated polymers with high electrical conductivity (σ) has continued to create an immense 

challenge in organic TEs. Significant lag in the development of polymer-based n-type TE materials 

could be attributed to the lack of high-performance n-type semiconductors with good stability at 

ambient conditions. Graphene Nanoribbons (GNrs) exhibits unique properties which suit it for use in 

TE power generators due to its semiconducting properties, but its application in TEs is limited by the 

high thermal conductivity and low Seebeck coefficient. However, with the possibility of modification 

of graphene's band structure to enhance power factor (PF), it is an exciting prospect for application in 

TE power generation. Further, effects of n type dopants for the improvement of power factor are also 

investigated. In this work we suggest the method of GNr and dopant integration into a polymer matrix 

and its temperature dependent TE studies of the hybrid composite. A PF of 16.99 µW/mK2 at 227 °C 

is obtained for polymer: GNr: dopant system. Details of the study will be presented. 

 
Take away Message: 

• One of the key advantages of TEs is that they can be integrated into existing technologies to 

improve the efficiency and reduce environmental impact by producing usable power from 

waste heat. 

• Thermal and environmental stability are the concerns, especially for n-type TEs. Under 

ambient conditions, our system shows a power factor of 16.99µW/mK2 at 227 °C. 

• These results show that using solution-processable polymer: GNr hybrid composite can 

open new opportunities toward high-performance air-stable solution-processable n-type TE 

polymers. 

 
Biography: 

Ms. Sruthy Poovattilis graduated as MSc Physics in 2017 from Gandhigram Rural Institute - Deemed 

University. She then joined the research group of Dr. Biswapriya Deb in 2018 at CSIR-National 

Institute of Interdisciplinary Science and Technology, Trivandrum. 
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Characterization study of groundnut shell, dry leaves and cow dung 

powder for eco-friendly biomass briquetting 

Rajesh 
1Indo-swiss training centre, Council of Scientific and Industrial Research (CSIR)-Central 

Scientific Instruments Organization (CSIO), Chandigarh, U.T, India 
2Academy of Scientific and Innovative Research (AcSIR), Ghaziabad- 201002, India 

Email: rajesh@csio.res.in 
 

Abstract: 

Briquetting of the biomass waste e.g., groundnut shell & dry leaves, represents one of the possible 

solutions to the local energy shortages in many developing countries. Every year millions of tons of 

agricultural and forest wastes are generated, both from rural and urban area, which are either destroyed 

or burnt inefficiently in loose form causing air pollution. Briquetting of these solid wastes could mitigate 

these pollution problems while at the same time it can be utilized as an alternative fuel resource for 

industries and domestic purpose. 

In this study, manual densification of groundnut shell powder was done. Household waste material such 

as sofa base, bricks etc. was used for making briquette. Groundnut shell and dry leaves were collected 

from nearby places. The bio-mass material powder was characterized for Carbon, Nitrogen and 

hydrogen analysis from deptt. Of CIL, Punjab University Chandigarh. Percentages of nitrogen content 

obtained for different materials such as: (1) peanut shell, (2) dry leaves and (3) cow dung are 7.781, 

6.923 and 7.542. Carbon content for the same materials is in the same order as 45.528, 49.246, 25.378 

and hydrogen content is 5.280, 6.534, and 2.884. The carbon content of the bio-mass materials is 

comparatively much lesser than hard coal (75.7) which makes it eco-friendly fuel alternative. Burning 

process was also carried out. The proposed technology can be adopted to enhance the farm income, 

waste to wealth conversion and is a form of renewable source of energy. It will also help in waste 

management and pollution control. 

 
Take away Message: 

• Recycling of farm waste to bio-mass briquette 
• Waste to wealth generation 
• Eco-friendly alternative energy resource 

• Waste management and pollution mitigation 

 
Biography: 

Mr. Rajesh is graduated as M.Sc. Computer Science in 1994 from Banaras Hindu University Varanasi 

and MTech Computer Science in 1998 from Jawaharlal Nehru University, New Delhi. He is working as 

a principal Scientist at CSIR-CSIO Chandigarh which he joined in the year 2001. His research area is 

instrumentation, rural technology, software development and cold plasma treatment. 
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Paperator: A novel cellulose-based paper separator for lithium-ion 

batteries 

Mononita Das, Pradip Sekhar Das, Mir Wasim Raja 

Energy Materials and Devices Division (EMDD), CSIR-Central Glass & Ceramic Research Institute, 

196 Raja S C Mullick Road, Kolkata 700032, West Bengal 

Email: das.mononita17@gmail.com 

 
Abstract: 

Rechargeable Lithium-ion batteries are going to play a significant role in India’s “National Mission for 

Electric Mobility” due to its higher energy density and power density. To start manufacturing these 

batteries in India, all of its components such as anode, cathode, electrolyte, separator, metal can, metal 

films, etc. are needed to be produced locally. With this aim, we are currently engaged in developing 

indigenous separator material which can replace the existing polyolefin based (PP/PE) commercial 

separator membrane. The Polyethylene/Polypropylene separator typically suffers from problems related 

to their poor electrolyte wettability, structural degradation at elevated temperature, poor safety, and 

environmental toxicity. To overcome these drawbacks, cellulose based separators are now considered 

as sustainable alternative to PP/PE. 

In the present research work, a paper-based cellulose-ceramic composite separator membrane (named 

as “Paperator”) has been developed and characterized in detail. To enhance mechanical reinforcement 

engineered ceramic particles were used in different proportions. A large number of paperators with 

various compositions were fabricated by dip-coating method using blend of duo-polymer and SiO2 

nanostructured ceramic particles. The concentration of ceramic was varied from 0.1-1.5 Wt.% and the 

effect of ceramic loading in paper separator substrate was measured by examining physical parameters 

such as porosity, air permeability, thermal shrinkage, wettability, tortuosity etc. The electrochemical 

behavior of fabricated membrane was studied in 2032 Coin type Cells against MCMB anode, LiFePO4 

cathode and LiPF6 in EC/DMC (1:2) standard electrolyte. The developed Paperators showed excellent 

permeability (10-25 sec G-Value), porosity (>40%) and good electrolyte wettability. No thermal 

shrinkage could be observed up to a temperature of 200oC. The fabricated separator exhibited excellent 

cyclic reversibility and comparable charge discharge performance (Coulombic Efficiency ~95-98%) to 

that of PP commercial separator. All the physico-chemical and electrochemical performance of 

fabricated Paperator will be presented in the Conference in detail. 

 
Take away Message: 

• The present research article focuses on a new kind of separator material and its continuous 
fabrication process. The audience will be able to learn the process of making LIB component 
and its characterization procedures before actual use in LIBs. 

• The research will explain the problem associated with the existing materials and also will 

focus to a path for further development of separator materials for LIBs. 

 

Biography: 

Mononita Das got M.Sc. degree in Chemistry (Physical) in the year 2019 from University of Calcutta, 

West Bengal. She joined as Project-JRF in CSIR-CGCRI under the supervision of Dr M. W Raja, 

Senior Scientist, Energy Materials and Devices Division (EMDD). She is actively pursuing her 

research in developing Cellulose based separator membrane for next generation lithium-ion batteries. 

Her research interest is in the area of electrochemical energy storage devices, battery electrode 

component synthesis/characterization, electrical and electrochemical testing of materials, battery 

fabrication and testing etc. 

 

mailto:das.mononita17@gmail.com


5th National Symposium on Shaping the Energy Future: Challenges and Opportunities (SEFCO) 

P-04 

34 

 

 

Aqueous based synthesis of Li7La3Zr2O12 garnet electrolyte for All Ceramic 

Monolithic LithiumBbatteries (ACMLBs) 

Kuntal Ghosh, Sudip Ghosh, Mir Wasim Raja 

Energy Materials and Devices Division (EMDD) 

CSIR-Central Glass & Ceramic Research Institute 

196 Raja S C Mullick Road, Kolkata 700032, West Bengal. INDIA 

Email: kuntalghosh1004@gmail.com 

 

Abstract: 

After successful commercialization of Lithium-ion Batteries (Liquid and Polymer based) in 1991 by 

SONY in consumer electronics, intense research has now been focused in designing functionally smart, 

safe, and cost-effective battery configuration to meet the energy and power density requirements of 

Electric Vehicles Technology. In this direction, Government of India also launched its Electric Mobility 

Mission-2030 to promote Lithium-ion Battery (LIB) manufacturing in India. To manufacture LIB pack 

for EVs, the high volatility and inflammability of conventional liquid-based electrolyte are two main 

challenges which posing threat for safe operation of LIBs. Replacing liquid electrolyte with solid 

electrolyte (SL) having comparable room temperature lithium-ion conductivity may be one of the 

alternatives to mitigate the safety issues. In this context, a solid electrolyte supported battery design 

with “Monolithic solid-state configuration” and “zero gap” separation electrodes have potential to 

deliver safe and powerful batteries for electric mobility. 

LLZO (Li7La3Zr2O12) garnet material has shown exceptional promise due to its room temperature 

lithium-ion conductivity in the order of 10-3-10-4S/m, which is quasi similar conductivity to that of liquid 

electrolyte. The crystal structures of LLZO shows two polymorphs- Cubic and Tetragonal. However, 

only cubic phase exhibits superior lithium-ion conduction. The synthesis and stabilization of cubic 

LLZO phase is currently a challenge due to its severe lithium loss during high temperature sintering 

and difficult purification process. 

In the present research, we have successfully synthesized Cubic LLZO nanostructured powder by a 

novel aqueous based auto-combustion method. The methodology as developed is easy-to-scale-up and 

can be extended for bulk production. Alanine based fuel has been used for the first time to produce 

LLZO powder by combustion process. The process has been optimized and the synthesized powder was 

characterized in detail. The as-synthesized powder was calcined at 900oC to obtain cubic phase. The 

FESEM micrographs showed particle size in the range of 20-100nm. The influence of alanine for 

synthesizing LLZO cubic Garnet and other results of LLZO’s physico-chemical characterizations will 

be discussed in detail in the conference. 

 
Take away Message: 

• The present research article focuses on a novel synthesis methodology of making LLZO 

Garnet electrolyte. The process can be easily scaled up for bulk production. The audience will 

be able to learn the process of synthesis of promising LLZO solid electrolytes for LIBs 

• The research will explain the problem associated with the existing LIB materials and also will 

focus to a path for further development of All Solid-State Lithium Batteries (ASSLBs) 
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Kuntal got M.Sc. degree in Physics in the year 2019 from Banaras Hindu University, Varanasi,221005. 

He joined as INSPIRE-JRF in CSIR-CGCRI under the supervision of Dr M. W. Raja, Senior Scientist, 
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electrical and electrochemical testing of materials, Battery fabrication and testing etc. 
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Development of a reduced combustion kinetic mechanism for lemon peel 

waste oil as a jet-fuel 

Dinesh Prabhakaran1, Dr. Sayak Banerjee2 
1Department of Climate Change, Indian Institute of Technology Hyderabad, Hyderabad, 

Telangana, India, 
2Department of Climate Change, Indian Institute of Technology Hyderabad, Hyderabad, 

Telangana, India, 

Email: cc19mtech11005@iith.ac.in, sayakb@mae.iith.ac.in 
 

Abstract: 

The airline industry is the most rapidly growing transportation sector in the world, particularly in 

developing economies like India. However, it comes at a heavy price which is an increase in greenhouse 

gas (GHG) emissions in the world leading to global warming and climate change. Thus, there is a need 

to look for alternate fuels which are carbon neutral and also could be used in the existing jet engines. 

Lemon peel oil (LPO) has been identified as a potential contender due to the similarities of its chemical 

and physical properties with conventional fossil fuel-based Jet-A fuel. Moreover, the oil is extracted 

from a by-product of lemon cultivation and hence, doesn’t burden the food industry unlike other 

biofuels studied in the past. Also, LPO has a very low oxygen content, thus removing the need for 

significant processing before it can be used as a drop-in fuel and avoiding any hidden energy 

requirements. The combustion kinetic modelling of LPO and Jet-A fuel has been done to study 

elementary combustion properties like ignition delay times and laminar flame speeds and they have 

been compared for the two fuels. A reduction of the chemical kinetic mechanism has been done and its 

performance has been compared with that of the detailed mechanism. A reduced mechanism is 

computationally less intensive and so, can be incorporated into complex computation fluid dynamics 

(CFD) codes to study three-dimensional combustion like that found in practical engines. The 

combustion characteristics have also been investigated for a blend of the two fuels as blends are a more 

feasible solution for aircraft engines and the performances of the detailed and the reduced mechanisms 

have been compared. 

 
Take away Message: 

• This work is based on the concept of ‘waste to wealth’ as it aims to convert unusable lemon 

peel into a transportation fuel. 

• It gives an insight into the process of identifying novel renewable fuels and the preliminary 

studies that can be done to substantiate the proposition. 

• The project discusses about studying the performance of alternate fuels through computer 

simulations; hence it is a practical solution to understand a fuel’s behavior before carrying out 

experimental investigations in real engines. 

• It can act as a template to investigate the performance of other renewable fuels that may be 

thought of in the future. The same idea can be transferred to other forms of fossil fuels and their 

probable eco-friendly alternatives. 

 

Biography: 

Dinesh Prabhakaran is a currently a PhD scholar in the Department of Climate Change at Indian 

Institute of Technology Hyderabad after completing his master of technology there in 2021 under the 

supervision of Dr. Sayak Banerjee. He is specifically interested in the domain of renewable energy 

sources for tackling climate change. 
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His master’s thesis is titled ‘Development and Validation of a Reduced Combustion Kinetic 

Mechanism for Lemon Peel Oil as a Jet-fuel’ and he aims to explore other alternate fuels for aviation 

engines as a part of his PhD research. 
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Bi doped LaMnO3 for thermoelectric and spintronic applications 
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Pradesh- 201002, India 

E-mail: manoj@niist.res.in 

 
Abstract: 

The use of energy in day-to-day life has grown in rapid way, and conserving energy to meet the energy 

demand is the need of today. Thermoelectric (TE) materials have been considered as an alternative 

clean energy technology that can realize direct conversion between heat and electricity. Waste heat 

recovery is an environment-friendly way to preserve resources and increase energy efficiency [1]. 

Thermoelectric materials are characterized by material figure of merit, ZT. It depends on the Seebeck 

coefficient, temperature, electrical conductivity and thermal conductivity. The rare earth-based oxide 

TE materials got special attention due to their high temperature application, less toxicity and stability. 

The present work is focused on the synthesis and characterization of Bi doped LaMnO3. It shows 

semiconducting nature and having positive Seebeck coefficient on increasing Bi content. In the present 

study LaMnO3 is synthesized by solid-state reaction.[2]. Magnetic and thermoelectric properties were 

carried out. By doping LaMnO3 with various elements can improve the thermoelectric properties. 

 
Take away Message: 

• Thermoelectric materials as new source of sustainable energy 

• Factors affecting Thermoelectric efficiency 

• Doping effect on TE efficiency 

 
Biography: 

Ms. Chinnu V Devan (JRF) graduated as MSc Physics in 2015.She has joined the research group of Dr. 

Manoj Raama Varma at CSIR NIIST, Trivandrum. 
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Effect of nickel loading on a metal-organic framework derived catalyst in 

hydrogen production via steam reforming of acetic acid 
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Abstract: 

In this study, the production of hydrogen-based on acetic acid (AcOH) steam reforming (AASR) was 

investigated using an aluminum oxide/lanthanum oxide/cerium (IV) oxide (Al2O3/La2O3/CeO2 (ALC)) 

supported nickel (Ni) catalyst (Ni loading = 10, 15, and 20 wt%). The content of Ni in the Ni/A.L.C. 

catalyst was adjusted by controlling the composition of its precursor (metal-organic framework (MOF): 

(Ni [(bpy)2] Cl2).6H2O)). All these tested Ni-comp/A.L.C. catalysts displayed almost complete 

conversion of acetic acid (AcOH) into hydrogen (H2) and various carbon (C1) products (e.g., carbon 

monoxide (CO), methane (CH4), and carbon dioxide (CO2)). Accordingly, the metal-support interaction 

was promoted with an increase in the Ni loading content. The formation of the La2O3-CeO2 solid 

solution phase in all the Ni-comp/A.L.C. catalysts facilitated the generation of a large number of oxygen 

vacancies (Ovac). The presence of Ovac was beneficial to gasify carbon species through efficient transfer 

of active oxygen with the suppression of sintering and deactivation (e.g., more than 36 h during the 

AASR reaction). Higher Ni loadings (> 15 wt.%) were less advantageous for the AASR reaction (in 

terms of activity and stability) due to an increase in particle size of Ni and a decrease in its dispersion. 

On the whole; the present study is expected to offer valuable insights into the utilization of MOF-based 

catalysts for H2 production through the AASR reaction. 

 

Take away Message: 

• This study will provide an exciting opportunity to advance the researchers’ knowledge about 

the heterometallic materials via MOFs and will cause to open new research avenues in this 

field 

• This work will enable the development of a chemical process to synthesize a wide range of 

supported monometallic and heterometallic catalysts via MOF for environmental and green 

energy applications. In addition, the findings of this work will add useful information to 

available literature for steam reforming of organic compounds and possibly fill the gap 

required to transform MOFs-based catalysts in this area 

 
 

Biography: 

Dr. Ankit Kumar completed his B. Tech in Chemical Engineering in 2007 at the University Institute 

of Technology, CSJM U. Kanpur. After that he has completed his MTech in Chemical Engineering in 

2010 from HBTI Kanpur, then he works at HBTI as a Guest faculty in the chemical engineering 

department from 2010 and works their 2.5 year. After that, he joined PhD in Dec 2013 at the 

Department of Chemical Engineering & Technology, IIT (BHU). Currently he is working as Asst. 

Prof. on contractual in the Chemical Engineering Department at Dr. AITH Kanpur. He has Published 

6 research articles. 
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acceptor polymer by eliminating thermal de-doping 
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Abstract: 

There is a great necessity to recycle energy wasted as heat into usable energy using clean, green, low- 

cost and innovative technologies. Thermoelectric (TE) materials are efficient in converting heat to 

electrical energy with no moving parts. Conjugated polymers have played a vital role in advancing the 

area of thermoelectric due to their solution processability, mechanical flexibility, and the tunability of 

optical and electronic properties via facile molecular design or synthesis strategies.1 Doping of 

conjugated polymers is of particular importance since the physical properties of a thermoelectric 

material such as electrical conductivity, Seebeck coefficient, and thermal conductivity strongly depend 

on carrier concentration.2 F4TCNQ is a planar molecule, exhibiting π−π stacking with conjugated 

polymers upon doping. Ideally, a conjugated polymer and a simple molecular one-electron oxidant or 

reductant undergo integer charge transfer (ICT), i.e., complete transfer of an electron from the polymer 

to the dopant. In other cases, the interaction of polymer and dopant can result in formation of a charge- 

transfer complex (CTC), in which the frontier orbitals of the polymer and the dopant interact, resulting 

in a partial charge transfer.3Despite significant advancement in understanding conductivity, doping 

efficiency and stability of ICT versus CPX states in F4TCNQ doped systems, the thermal stability of 

F4TCNQ doped polymer blends particularly in moderate temperatures 60 °C to 120 °C is less focussed. 

Thermal stability of F4TCNQ doped rr-P3HT is significantly lower than F4TCNQ doped p(g42T-T) 

and s-P3MEET.4Herein, we report a chemically stable F4TCNQ doped PBDTTT: EFT system with 

greater chemical specificity and better thermal stability at moderate temperatures (60 °C to 90 °C) which 

will be suitable for real time applications. Details of the study will be presented. 

 

 
Take away Message: 

• About 67% of the energy produced is being wasted. A major part of this wastage is in the 

form of heat. Even though heat loss from some industries is inevitable, measures can be taken 

to minimize them by improving equipment efficiency or by using waste heat harvesting 

technologies like development of thermoelectric devices. Organic thermoelectric is a niche 

area and students may get benefited from such topics. 

• Thermal de-doping is relevant while choosing materials for real-time study as it deals with 

exposure to moderate to high temperatures. Our study suggests that de-doping can be 

neglected by proper selection of polymers for such optoelectronic applications. 
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published 3 journals in total. 
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Abstract: 

Food waste (Citrus waste: orange peels and other citrus fruit waste peels) is considerable potential 

resource for making useful chemicals from green chemistry and energy or fuels. By developing micro 

wave (MW) assisted process for orange peel whereby a single step, can separate the limonene from 

the pectin which is a better application in food and cosmetic industry along with by-products like 

sugars and cellulose. Limonene can be converted in situ into other chemicals by altering the 

temperature. 

 
Take away Message: 

• Feasibility of the idea (In terms of commercialization of the idea, availability of raw 

material, etc.) that we can produce commercial products and raw materials sources are 

plenty resource 

• To the best of our knowledge, a systematic study addressing the feasibility of using green 

solvents for limonene extraction from citrus waste has not been performedmuch by any 

industry or company. 

• Limonene has been identified as an effective bio-based substitute to volatile organic 

compounds (VOCs) in analytical chemistry, as a building block for manufacturing purposes 

and as an extraction solvent for separation processes. 

 
Biography: 

Dr. KM Reddy is working as an Associate Professor of Chemistry and he graduated as Ph D in 2013. 

Metal oxide nanoparticles, Photocatalysis, Catalysts for environmental applications. he then joined in 

UPES, as Teaching faculty. He has published 31 research articles. 23 SCI, 6 Scopus, 10 National 

Journals, total citations 1200+ with h-index 14 

 

• Book published-1 (International) 

• Organized 1-National conference, 1-International conference and 2-FDPs and 3-workshops 

• Presented research in 30-International conferences and 45-National conferences 

• Participated in more than 50 International conferences and 40 National conferences Completed 

coursera 25 courses and 2 edX courses, UGC-ARPIT and NPTEL, MOOCS and Online 

Hybrid Blended learning courses 
• Participated more than 200 webinars, and workshops and seminars 

• Invited speaker of ICEME-2020 & 2021 materials_ Seoul, HITAM FDP and UPES 

FDPs etc. Successfully completed 2 FDPs of NTTTR-Bhopal 

• FDP by Delhi University 

• QIP from IIT Roorkee & IIT Kanpur etc. 
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Abstract: 

Lignocellulosic biomass has drawn much attention among research community because of their wide 

applications in biorefineries, especially in biofuel production. Cellulose, hemicellulose and lignin 

constitute the major components of lignocellulosic biomass. The first and one of the vital steps in 

bioethanol production is to find an ideal feedstock. Agri-residues can serve as potential feedstocks and 

surplus amount of crop residues generated in our country could be utilized effectively for economic fuel 

production. Millets are a prominent group of crops belonging to Poaceae. In this work, compositional 

analysis of different varieties of Eleusinecoracana (Finger millet) was studied. Cellulose content of the 

varieties was in the range of 48-56%. Lignin, which is a crucial factor contributing to the recalcitrance 

of the biomass was estimated in the range of 11-16%. Among the five varieties tested, FM1 showed the 

highest holocellulose content (78.1%). Ester- linked hydroxycinnamates in the biomass were quantified 

by HPLC. p-coumaric acid was found to be the major ester- linked hydroxycinnamate in all the samples. 

Ferulic acid content was estimated about half the amount of p-coumaric acid. The effect of [EMIM] 

[Ac]pretreatment on millet biomass was assessed based on delignification rate. The optimum conditions 

for the pretreatment was found to be 80% [EMIM] [Ac] on 5% sample load at 150˚C for 3h which 

resulted in 40.3% delignification. Structural changes in the biomass after pretreatment were analyzed 

using FT-IR analysis and significant reduction in peaks corresponding to lignin and hemicellulose was 

observed pointing high degree of biomass disintegration. 

 

Take away Message: 

• Lignocellulosic composition of finger millet straw from five varieties was estimated 

• p-coumaric acid was found to be the major ester- linked hydroxycinnamate in Finger millet 

• FM1, with high cellulose and low lignin contents among the tested samples, was treated with 

[EMIM] [Ac]/water (80:20) 

• [EMIM] [Ac] (80%) pretreatment at 5% biomass loading, at 150°C for 3h resulted in 

40.3% delignification 

• FTIR spectra of pretreated sample showed extensive reduction in peaks corresponding to 

hemicellulose and lignin 

• The present study confirms that finger millet straw treated with [EMIM] [Ac]/water 

(80:20) can be utilized effectively for fuel production adding to our current energy needs 
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Abstract: 

Growing population and industry have increased the demand for fuel and other energy resources. 

Depending on non- renewable energy resources for this purpose is not a long-term option. 

Lignocellulosic bioethanol is projected as a viable option due to its lack of carbon footprint and 

renewability. Finding out potential biofuel feedstocks and efficient pretreatment methods are crucial for 

sustainable bioethanol production. One such candidate is Pennisetum polystachion, a tropical perennial 

grass found widespread around the world. It grows in marginal lands and has high seed production and 

germination rate. P. polystachion biomass has the potential to be utilized as bioenergy feedstock. 

Destarched alcohol insoluble residue (AIR) of P.polystachion biomass was prepared and used as the 

starting material for current study. The compositional analysis of native biomass showed 47.2% 

cellulose, 26.6% hemicellulose and 19.05% lignin. Cellulose and hemicellulose quantification was done 

by acid hydrolysis followed by phenol sulfuric acid method and lignin quantification was carried out 

using acetyl bromide method. Low cost ionic liquid triethylammonium hydrogen sulfate 

([TEA][HSO4]) was synthesized using triethylamine and sulfuric acid. AIR was subjected to 

[TEA][HSO4]: water mixture pretreatment using three different ratios (70:30, 75:25 and 80:20) at 150°C 

for 45 minutes with 5% sample loading. Lignin content in pretreated sample was estimated to calculate 

delignification rate. Highest delignification rate was observed as 55% after 75% [TEA] [HSO4] 

pretreatment. Glucan yield in pretreated sample increased from 47.2% to 79.8% and hemicellulose 

content decreased from 26.6% to 14.2%. Structural changes in biomass after pretreatment were 

analyzed using FT-IR. It showed significant reduction in peaks corresponding to lignin and 

hemicellulose. These results from the present study indicates that [TEA] [HSO4]/water (75:25) 

pretreatment is cost effective and highly efficient for lignocellulosic biomass deconstruction. 

 
Take away Message: 

• P.polystachion can be considered as a potential bioenergy crop with low energy input. 

• [TEA][HSO4] is a low-cost ionic liquid showing high pretreatment efficiency. 

• [TEA][HSO4]: water pretreatment (75:25) at 150° C for 45 minutes resulted in 55% 

delignification and 53.4% hemicellulose dissolution indicating extensive disruption of lignin 

carbohydrate complex. 

• FTIR spectra of pretreated sample showed extensive reduction in peaks corresponding to 

hemicellulose and lignin. 

• [TEA] [HSO4] pretreatment is a low cost, high efficiency pretreatment method that can be used 

to reduce the biomass recalcitrance and make it more susceptible to hydrolyzing enzymes. 
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Abstract: 
The increasing usage and prices of fossil fuels create distress in the world’s energy and economic 

scenario, consequently heading towards adopting alternative fuels. Biodiesel is perceived as a potential 

alternative fuel and has been produced with different methods over the years. The majorities of 

Biodiesel production approaches in the literature and in commercial practice are energy-intensive and 

required skilled operations. Further different feeds viz. edible and non-edible are in practice for 

biodiesel production, among which edible feeds are discouraged due to core competition with food 

demands, and the problem in using the non-edible feeds for biodiesel production is their low availability 

and cumbersome production. To overcome these problems, used cooking oil may be an excellent feed 

for biodiesel production owing to easy availability and no regional constraints. 

In the present work, we have synthesized biodiesel from used cooking oil via CSIR-IIP room 

temperature process in essentially energy-free pathways within a short reaction span, and the process 

economics calculations entailing capital investment and operating costs for different biodiesel 

production scenarios at varying production capacities are discussed. Sensitivity analysis has been 

carried out with respect to raw material cost and selling price. Further, different models for the 

deployment of this process are discussed for applications in rural and sub-urban areas in line with UN 

sustainable development goals. 

 

Take away Message: 
• The room temperature process is entirely new approach to save energy and process economics 

• Different production scenario with varying capacity are discussed and found that process 

economics found suitable at higher production capacity 

• CBD has less payback time, so it was found favourable. However, it is still unsuitable for 

locomotive grades as it contains impurities and can create engine-related problems. On the 

other hand, DBD has a more payback period than CBD, but it can be used for the locomotive 

grade, genset based and agricultural equipment 

• The biodiesel produced through this process will be utilized to run tractors, pumps, Genset, 

etc., in rural areas and nearby hotels, restaurants, and flight kitchens that can further improve 

economic values through possible captive use of biodiesel in the hotels’ Gensets and reduced 

cost of effluent disposal 
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Abstract: 
The deposition of paraffin on the pipeline surface during crude oil transportation is a significant issue 

for oil industries. In this regard, the demand for adequate methods of wax deposition has gained 

considerable attention. In the current work, five cellulose esters were synthesized with varied chain 

short/long and linear/branched in a homogeneous medium and characterized by various analytical 

techniques. The ability of all cellulose esters to change wax crystal's structure and pour-point and yield 

stress reduction was observed by cross-polarized microscope, pour-point measurement, differential 

scanning calorimetry, and rheology. It was noticed that the paraffin crystallization temperature and 

pour-point had decreased significantly with long/linear side chain esters. The efficiency to reduce yield 

stress was found to correlate with the nature of the side chain. Long/linear side chain esters with 0.3 

wt% are more effective in stabilizing the paraffin/asphaltene gel formation, thereby improving the 

flowability of waxy oil. The computational calculations also support all the findings at a molecular 

level. 

 

 

 

Structure of cellulose esters 
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Abstract: 
In order to decrease high costs of importing, and to compete with environmental standards, sustainable 

policies for renewable resources tend to partially replace diesel fuel by biodiesel. The use of ethanol as 

a blend with diesel is limited because it has a very low calorific value and therefore is required in a very 

large amount to give the required output. Thus, despite of the immense benefits of alcohols as a good 

source of alternate fuel for compression ignition engine, there is a limitation with their blending 

proportion with diesel. Hence, this study was conducted with an aim of testing the feasibility of ethanol 

with pine oil and diesel and its effects on the performance and emission characteristics of the 

conventional diesel engine. The only variable parameters selected for the study are load and the biofuel 

blends while other parameters like compression ratio, ignition timing, rpm etc. were kept constant. 

Phase separation is a major issue faced while blending diesel and ethanol hence in the present study, 

neat oil was used as an emulsifier. Phase separation stability of blends namely D55P40E5 and 

D50P40E10 was tested for 3 months at room temperature ranging from 10°C to 30°C. It was found that 

increasing ethanol proportion on the blends at lower loads of 25% and 50% leads to increased bsfc and 

decreased BTE Overall BTE for both fuel blends D55P40E5 and D50P40E10 at higher loads (except 

25%) was higher than the diesel. It was also observed that brake power decreased with increasing 

percentage of ethanol but was less than diesel for both blends. Besides, emission characteristics smoke 

density (HSU) and NOX decreased with increasing ethanol and all other emission like HC, CO, CO2 

were found to be increasing Smoke density, NOX, CO2 reduced using biofuel and vice-versa was the 

case with HC and CO. Smoke density, CO2 and NOX decreased by 80%, 15% at higher loads and 96% 

at lower loads respectively. Present study suggests that ethanol with pine oil and diesel has good 

blending stability, enhanced engine performance characteristics, reduced emissions and can be 

recommended for use on diesel engine without any engine modification. 

 

Take away Message: 
• World is moving towards alternative fuels. 

• Biofuel production is an emerging field to protect environment from harmful consequences of 

traditional fuel 

• Ethanol can be used for eliminating diesel fuel by increasing its use as a blend with fuel. 

• Use of Ethanol and pine is economical. 
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Abstract: 
Fischer Tropsch synthesis (FTS) is an important pathway to convert natural gas, biomass, or coal- 

derived synthesis gas (CO+H2) into synthetic fuel and valuable chemicals over metal catalysts. Various 

supported, and unsupported Ru, Co, and Fe based catalysts have been reported, where cobalt catalysts 

have been identified as a preferable choice for FTS at low temperature due to its high CO conversion 

and stability, less susceptibility to water gas shift reaction (WGSR), and high selectivity for higher 

hydrocarbons, etc. [1]. However, the highly exothermic nature of FTS thermodynamically favours the 

reaction at low temperatures and improves the equilibrium conversion. So, water may impact the 

activity of a Co-based catalyst positively. For example, computational studies have shown that co- 

adsorption of CO and water on the active surface may increase the reactivity of CO by reducing the 

energy barrier for CO dissociation [2]. Over Co-Mn loaded TiO2, we obtained a high catalytic activity 

with 73% selectivity towards C5+ hydrocarbons with a low amount of methane formation at the 

temperature of 453K. The samples were characterized by different characterization techniques, 

including BET, XPS, H2-TPR, STEM-EDS, etc. They revealed some significant factors such as the 

increased dispersion of Co particles by the addition of MnO on the surface of TiO2, and the promoting 

effect of water in CO dissociation etc. could be responsible factors for enhanced CO conversion and 

exceptional selectivity of C5+ hydrocarbons. The synthesised catalyst system and different observations 

can be useful for developing advanced catalyst systems and processes for selective AFTS in the future. 

 

Take away Message: 
• The synthesis method can be used to generate highly dispersed and active metal-support catalyst  

system 

• The synthesis procedure is simple and efficient, which can easily be carried out on a lab scale 

• The reaction system can definitely be more beneficial than the on-going system due to its 

several advantages such as easy separation of product, the low temperature conditions, the 

homogeneous mixture of catalyst in the reaction medium etc., which can simply make 

designer’s job more efficient 
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Abstract: 
Catalytic partial oxidation (CPOX) of methane is a great economic incentive way for downstream 

processes such as Fischer- Tropsch synthesis, methanol synthesis, and hydrogen production since it 

requires much less energy than the highly endothermic steam reforming of methane, which is the 

prominent reaction in the industry [1]. However, it suffers from various drawbacks like catalyst sintering, 

hot spot formation, etc. Here we demonstrate low temperature catalytic partial oxidation of methane 

over platinum incorporated nickel supported cerium oxide catalyst with very high activity. Pt-Ni/CeO2 

catalyst was synthesized by modified one step Solution combustion method. The catalysts were 

thoroughly characterized before and after the reaction using different techniques such as BET surface 

area, XRD, TGA/DTG, H2-TPR, TEM, ICP-AES, XPS, and Raman spectroscopy. Catalyst 

characterization confirmed that nanocrystalline Pt-Ni/CeO2 solid solution catalyst possesses strong 

metal-support interaction and high oxygen storage capacity. The catalyst 0.5%Pt-2.5%Ni/CeO2 exhibit 

highest activity, selectivity and stability toward CPOX. Moreover, it can activate methane at very low 

temperature even at 3000C. Various reaction parameters like Ni loading, reaction temperature, gas 

hourly space velocity, and time on stream have been studied in detail. We achieved > 99% conversion 

of methane with 100% selectivity of syngas at 7000C with H2/CO ratio of 2. We do not observe any 

remarkable deactivation even after 150 h TOS study. We believed that high oxygen storage capacity 

(OSC) and strong metal-support interaction are responsible against coke resistance, and showing long- 

term stability [2]. 

Take away Message: 
• Synthesis method is easy, efficient and single step process to get high metal dispersion 

• Synthesis method can be employed for the synthesis of solid solution type catalyst and mixed 

oxide to improve metal support interaction and stability of the catalyst 

• Synthesized catalyst exhibits high activity and stability towards CPOX. We achieved >99% 

conversion with 100% selectivity of syngas at 7000C with H2/CO ratio of 2, which is suitable 

for the synthesis of methanol synthesis, and Fischer - Tropsch synthesis etc. 

 

Biography: 

Ms. Rubina Khatun graduated as M.Sc. in 2015. She is presently perusing her doctoral degree under 

the supervision of Dr. Rajaram Bal (Senior principal Scientist) at CSIR-Indian Institute of Petroleum. 

She is working on synthesis of nanostructured catalysts for methane activation. She is well versed with 

designed development of metal oxide nanostructured catalysts. She has good exposure of various 

characterization techniques like XRD, BET, SEM, HR-TEM, RAMAN, UV-Spectroscopy and XPS 

etc. 

 

mailto:raja@iip.res.in


5th National Symposium on Shaping the Energy Future: Challenges and Opportunities (SEFCO) 

50 

 

 

P-17  

Highly selective oxidation of Cyclohexane to KA oil using CoWO4@W18O49 

based nanocatalysts 

Sonu Bhandari1,2, Anil Chandra Kothari1,2, and Rajaram Bal1,2 
1 Light stock processing Division, CSIR-Indian Institute of Petroleum, Dehradun 248005, 

Uttarakhand, India. 
2 Academy of Scientific and Innovative Research (AcSIR), Ghaziabad, 201002, India. 

Email: raja@iip.res.in 
 

Abstract: 
Developing sustainable and selective catalysts for the oxidation of Cyclohexane using air as an oxidant 

is challenging despite its tremendous industrial significance [1]. KA oil (a mixture composed of 

cyclohexanone (K) and cyclohexanol (A)) which is an important industrial chemical intermediate the 

bulk manufacturing of Adipic acid and Caprolactam, which are the monomers for the synthesis of 

polymer Nylon-6 and Nylon-66 [2]. In this work, we demonstrated the facile synthesis of 

CoWO4@W18O49 nanostructured catalyst and explored it as an efficient catalyst for the selective 

oxidation of Cyclohexane to KA oil under mild environmentally friendly, solvent-free conditions and 

without any initiators. The CoWO4@ W18O49 material was characterized by XRD, TEM, XPS, 

BET, SEM, TPD, & TGA. The catalyst showed a Cyclohexane conversion of 24 % with a selectivity 

of 90% towards KA oil. The recyclability and leach test proved the heterogeneous nature of catalyst as 

there is no significant loss of catalytic activity up to 5 cycles. 

Take away Message: 

• Highly efficient CoWO4@W18O49 catalyst prepared by a one-pot synthesis method at 

atmospheric pressure. 

• Solvent-free aerobic oxidation of cyclohexane was performed in an autoclave reactor. 

• CoWO4@W18O49 nanostructured-based catalyst exhibit better catalytic activity and 

selectivity towards KA Oil. We have achieved approximately 24% conversion of cyclohexane 

and 90% selectivity towards KA oil at 150˚C using air as an oxidant without any radical 

initiator. 
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Abstract: 
Carbon-ruthenium xerogel based electrode behaved more like a capacitor material with the highest 

specific capacitance of 522 F/g for three electrode system & 163 F/g for two electrode system. Samples 

embedded with maximum amount of ruthenium containing material, exhibited less specific surface 

area; but highest specific capacitance and specific energy among all samples. Electrodes having 

maximum amount of ruthenium exhibited least charge transfer resistance of 3.8 Ω. Quasi-rectangular 

cyclic voltammetry and symmetric charge-discharge curves were observed due to the capacitive nature 

of the prepared material. The use of Na2SO4 & KOH electrolyte medium elevated the potential range 

of the system, which is another reason behind such high value of specific capacitance. 

Take away Message: 

• Supercapacitors are such type of energy storage devices which can bridge the gap between 

battery and conventional capacitors 

• Supercapacitors have higher energy density than capacitors and higher power density than fuel 

cells and batteries 
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Abstract: 
In present work, highly acidic-functionalized, carbonized glycerol mesoporous nanocomposite 

materials such as -SO3H /C, -SO3H /C-Si, and -SO3H /C-Si-Zr has been synthesized via simple one- 

step carbonization of low-value glycerol in the presence of sulphuric acid. This work addresses the 

concept of molecular-level interaction between carbon, acid groups, and metal. -SO3H /C-Si-Zr 

mesoporous nanocomposite materials in which nanosize zirconia (ZrO2) particles are embedded in the 

sulfonation adopted carbon nanotube of a templated mesoporous were prepared. Here silica group 

present on the molecular level of carbon moiety are facilitate interaction among such species to form 

nanoparticles. The embedded zirconium site was used to accomplish chemical functionalization of the 

interior surface of mesoporous. These nanocomposite materials have a specific surface area (up to 

252.82 m2 g-1), pore sizes around 8.72 nm, high pore volumes (up to 0.514 cm3 g-1) and high thermal 

strength. Moreover, the resultant mesoporous nanocomposite materials -SO3H /C, -SO3H /C-Si, and - 

SO3H /C-Si-Zr were applied as a selective shape catalyst in glycerol acetalization to monoacetin 

diacetin and triacetin which has industrial value. The conversion and selectivity were found to be the 

maximum at 150 oC. 
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Abstract: 

Current research in the biosynthesis of nonmetals using plant extract has opened a new era in fast and 

non-toxic methods for the production of nanoparticles. Plant contains a substantial number of organic 

constituents, like alkaloids, amino acids, polyphenols, flavonoids, alcohols, terpenoids, glycosides, 

carbohydrates, thiamine, vitamin C, and polyols. That helps in the synthesis of metal nanoparticles. The 

synthesis of metal nanoparticles by a green method is one of the best and environment-friendly methods. 

A green chemistry approach for the synthesis of IrO2, SnO2, and Ir-SnO2 bimetallic nanoparticles using 

the corresponding metal precursor and curry leaves extract act as both reducing and capping agent. The 

synthesized particles are characterized by XRD, FE-SEM, EDAX, elemental mapping, TEM, XPS and 

FT-IR, TGA, DTG, and DTA techniques. UV-Vis spectroscopy is used to monitor the synthesis of 

nanoparticles. The formation of nanoparticles is observed from UV spectra, which is show a stable 

peak. The XRD pattern shows all the samples have a tetragonal crystal system. While FTIR spectra 

indicate the presence of phytochemicals at the surface of nanoparticles. Such a capping agent of 

nanoparticles is characterized by their weight loss, 82% for IrO2, 83% SnO2, and 60% for Ir-SnO2 

sample due to thermal decomposition of biomass as observed in TG analysis. The influence of 

elemental composition on the morphology of all three samples was examined by the FE-SEM technique. 

The FE-SEM figures demonstrate that the particles of bimetal are in different shapes. The approximate 

crystallite sizes of samples are ~1.39 nm, ~2.2 nm, and ~5.79 nm respectively, which are estimated 

from TEM results. The presence and distribution of Ir and Sn elements in the synthesized samples are 

determined through EDAX and elemental mapping respectively. These techniques show that curry 

assisted Ir-Sn bimetallic sample is in alloy form. The XPS confirms the metallic state (Ir0), and the 

dual valence state of Sn (Sn2+ and Sn4+) is in the Sn 3d core level. All the synthesized samples show 

the good catalytic and antioxidant activity. 

Take away Message: 

• In the present study, the leaves of Murraya koenigii plants, family rutaceae are used for 

synthesis of nanoparticles commonly known as curry tree. The Murraya koenigii plants are 

found in a tropical to subtropical area. Main compounds found in Murraya koenigii leaves 

extract, are cinnamaldehyde and numerous carbazole alkaloids. Murraya koenigii leaves 

contain the antioxidants tocopherol, carotene and lutein. From the literature survey, it has been 

observed that diverse phytochemicals may be used, instead of unsafe chemical compounds, as 

harmless reducing and capping agents in synthesis of nanoparticle procedures. Murraya 

koenigii leaf extract used for the synthesis of various metal nanoparticles (NPs) 

• All the synthesized samples show the good catalytic and antioxidant activity 
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Abstract: 

Lignin is a waste/ by-product of bio-refineries and paper-pulp industries. It has the potential to produce 

numerous valuable chemicals due to its aromatic character. At present, large amount of lignin is burnt 

as a source of energy due to lack of suitable efficient lignin valorization processes. The structural insight 

of lignin is needed to valorize it into valuable chemicals via efficient thermal or bio-chemical strategies 

using homogeneous or heterogeneous catalysis. In the present work, we have studied flash pyrolysis of 

lignin(s) (prot, alkali and dealkaline lignin) by Py-GC/MS. 1H, 13C, 2D-HSQC NMR analysis and FT- 

IR analysis are also carried out for the structural identification of monomeric units present in lignin(s). 

The effect of acidic catalysts (ZSM-5 and Y-zeolite) and basic catalyst (MgO and CaO) on the produced 

volatiles is also investigated. The obtained results indicate that the acidic catalysts promote the 

formation of aromatics along with phenolics, while basic catalysts stimulate the formation of functional 

compounds e.g., phenolics, heterocyclic etc. 

 

Take to away message: 
• The study has provided a structural insight into lignin(s) 

• It helps to valorize waste lignin into functional chemicals 

• It also helped to target major compounds production from lignin 

• Valorization of lignin into functional chemicals shows a path to increase the economic 

viability of bio- refinery 
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Abstract: 

The current excitement and the expectation that artificial intelligence (AI), particularly machine 

learning (ML) to revolutionize every aspect of science, environment, business, and humanity is 

indisputable. The commercial potential of AI has attracted significant investment from various 

governments and private venture capitalists, globally. In 2020, the Government of India in the Digital 

India initiative had invested $477 million to boost AI, machine learning, IoT, big data, robotics, and 

cybersecurity. CSIR-CEERI, CSIR-4PI, CSIR-IGIB, CSIR-NEIST, CSIR-IICT, CSIR-NML, and many 

other CSIR institutes have started implementing AI and Data Science tools. On this front, CSIR-IIP has 

started the ‘AI/ML and Data Science’ initiative to use the AI/ML and other data science tools in various 

projects ranging from the design of better catalysts to improve the hydrogen storage capacity of alloy 

materials to the design of new analytical instruments for on-site detection of contaminants in petrol and 

diesel to design a module/software to predict the breaking-point of CSIR-IIP oxygen concentrator, etc. 

Scientists are excited about the potential applications of AI, and ML in particular, for use in applications 

such as catalyst design. Ab-initio simulations are augmented with a machine learning (ML) approach 

to speed up the in-silico design of catalyst materials. In this initiative, the AI-ML tools will also be used 

to monitor catalyst(s) and reactor health during the life-cycle of the plant and also be used to predict the 

possible break-downs of the plants. In another initiative, we are using AI/ML techniques for the design 

and development of novel high-entropy alloys (HEAs) for high utility gas turbine and hydrogen storage 

applications. HEAs exhibit interesting material properties such as high strength, high hardness, 

improved elevated temperature strength, and magnetic properties. High entropy alloy has multiple 

principal elements which leads to much higher possible compositions than conventional alloys. 

Therefore, search schemes that can competently and promptly recognize particular alloys with desired 

properties are essential. Artificial Intelligence is a useful tool to model, discover, and optimize new 

alloys that enable predicting individual material properties as a function of composition. In another 

initiative, researchers at CSIR-IIP are developing an AI/ML based smart devise for on-spot 

determination of transportation fuels (gasoline and diesel) quality and fuel adulteration. The project 

aims to address environmental pollution by adopting a proper fuel quality measurement technique on 

regular basis across the country. The smart device will determine the fuel quality on spot using a drop 

of sample based on its in-built AI/ML based software. Hence it will greatly contribute to the nation in 

addressing the problem of adulteration of fuel and the environmental pollution caused due to this. Some 

of the new IIP AI-ML initiatives include digitization of IIP lab records, design module/software to 

predict the health of the IIP oxygen concentrator, understanding and remediation of gasket failure 

during the pilot plant operations in biofuel area, etc. 

 
Take away Message: 

• What is AI/ML? Current trends in AI/ML especially in the area of interest of CSIR-IIP 

• On-going AI/ML and other data science activities in CSIR-IIP 

• Future prospective projects; collaborations; etc. 

 

Biography: 
Ojasvi is PhD in Chemical Engineering from IIT Kanpur (degree awarded in Convocation-2017). Prior 

to joining Modelling and Simulation area in Separation Processes Division at CSIR-IIP (in leadership 

of HoA - Dr Sunil Kumar / Hod - Dr Manoj Srivastava respectively), he has worked as an assistant 

professor in the department of Chemical Engineering at Shiv Nadar University. 
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His research interest lies in the area of Process control. Since last 6 years, he has actively been 

involved in the research of Process Design and Plant wide Control. He has published 12 articles in 

high impact peer reviewed international journals. 
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Abstract: 

The present manuscript addressed the pyrolysis of waste Lagerstroemia specioca seed hull in a 

thermogravimetric analyzer and in a stainless-steel tubular reactor to recognize its bioenergy potential 

through its kinetics and product distribution. This agricultural waste can be used for energy generating 

purpose by using proper scientific knowledge. Lagerstroemia speciosa is an arboreal plant that is 

commonly used for ornamental purposes and is often planted in gardens, yards and parks, around 

parking lots, and along highways. This species can be found rising in grasslands, along rivers, in 

disturbed or secondary forests and in wet and dry habitats from near sea level to middle elevations. The 

total seed production per tree after open pollination is about 175,000, the capacity for regeneration is 

extremely small and in cultivation, propagation by cuttings and by division of root suckers is possible. 

For designing a pyrolysis reactor, it is necessary to have a good understanding of the kinetic and 

thermodynamic parameter. Thermogravimetric analysis commonly known as TGA is the frequently 

used technique to understand the thermal degradation kinetic parameters and the prevailing reaction 

mechanism with small amount of sample. The kinetic parameters were estimated using isoconversional 

model-free techniques such as Ozawa Flynn Wall (OFW), Kissinger Akahira Sunose (KAS) and 

Vyazovkin method. In contrast, Coats Redfern (CR) method was employed to estimate the governing 

reaction mechanism. The average activation energy obtained was 202.19 kJ/mol, 201.80 kJ/mol, and 

202.12 kJ/mol using OFW, KAS, and Vyazovkin method. Response surface methodology (RSM) with 

central composite design technique was employed to optimise the pyrolysis process parameters to gain 

maximum amount of bio-oil. Experimental result found that optimum pyrolysis condition to attain the 

highest bio-oil yield of 42.62% was temperature=500°C, N2 gas flow rate=100 ml/min and heating 

rate=25 °C/min. Further, FTIR and GCMS analysis of bio-oil revealed presence of different functional 

groups and valuable chemicals, whereas physicochemical characterisation revealed its fuel 

characteristics. The results confirmed the suitability of this biomass as a feed-stock for obtaining a 

cleaner fuel and value-added products. 

 

Take away Message: 

• Waste Lagerstroemia specioca seed hull was employed as a pyrolysis feedstock. 

• Kinetic study utilizing the OFW, KAS, and Vyazovkin iso-conversional models, as well as 

the Coats- Redfern technique for determining the dominant reaction mechanism. 

• Pyrolysis process variables, such as temperature, heating rate, and sweeping gas flow rate was 

optimized by response surface methodology based on central composite design to gain 

maximum amount of bio- oil. The paper would be interest to readers in the area of generation 

of energy by using agricultural waste through thermochemical processes. 
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Abstract: 

Renewable biomass is a potent substitute to fossil coal and coke used in iron making industries 

meeting needs of energy and reductant, while reducing CO2 emission simultaneously. The aim of the 

present work is to characterize three type of fast-growing hardwood biomasses Acacia Nilotica (W1), 

Albizia Lebbeck (W2), Leucaena Leucocephala (W3) and to use them to reduce iron ore pellets 

yielding simultaneously the DRI and charcoal. The proximate analysis, ultimate (CHNS) analysis, 

apparent specific gravity, true specific gravity, porosity, compression strength, SEM microscopy X-

Ray Diffraction were investigated. Effect of different biomasses and reduction parameters like C/O 

ratio, temperature and reduction time on %Reduction of iron ore pellets was studied. Further, 

reoxidation behavior of the freshly produced DRI was studied during air and furnace cooling. Co-

product of the process is wood charcoal, which can be further used as reductant in ironmaking. 
 

Take away Message: 

• A possible approach to replace fossil coal with renewable biomass in iron and steel industry. 

• Using biomass will contribute towards reducing GHGs emission. 

• Systematic research in this domain is rather new and further work can improve 

fundamental understanding and uses of biomass. 

• Overall, this study tends to provide a practical approach to overcome shortage and uncertainty 

of coking coal and increasing GHGs emission from iron and steel industry. 
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Abstract: 
Atmospheric concentration of carbon dioxide (CO2) is increasing day by day due to rapid 

industrialization and high consumption of fossil fuels (~ 81.5% of global energy resources), causing 

earth–carbon imbalance, resulting global warming and climate change issue. Therefore, the reduction 

of the CO2 emissions and the conversion of CO2 into useful products seem to be essential, for the 

conservation of the environment. Among several existing methods available for CO2 utilization, 

electrochemical CO2 reduction (ECO2R) has attracted increasing interest in recent years, because it is 

easily controlled by electrode potential and operated at ambient conditions. However, CO2 is a very 

stable molecule and huge negative potentials are required for triggering ECO2R reaction. Many useful 

products like acids, ethers, and alcohols can be derived from ECO2R but in this work, high energy 

density products such as alcohols have been targeted due to its application in gasoline blends for fuel. 

Efficient electro-catalyst is needed which can give high selectivity for alcohols. 

In the current work, the ECO2R performance was tested in H-type electrochemical cell in aqueous 0.1 

M KHCO3 electrolyte using highly stable oxide derived Cu-Zn bimetallic nanoparticles (CuO-ZnOx 

NPs) after being characterized through in-situ and ex-situ characterization methods like cyclic 

voltammetry (CV), linear sweep voltammetry (LSV), TEM, SEM, XRD, XPS, surface area and pore 

size by nitrogen adsorption method, etc. The liquid products generated after ECO2R were quantified 

using HPLC, and 1H NMR and the performances were measured in terms of selectivity (Faradaic 

efficiency (FE)), activity (current density), long term stability, etc. The CuO-ZnOx NPs have been 

synthesized by co-precipitation approach and ZnO loading was optimized (x = 5, 10, 15 and 20 wt.%) 

for selective alcohol production. Results suggest that the FE for alcohols could be tuned by varying the 

loading of ZnO in the CuO-ZnOx. The catalyst with 10 wt.% ZnO loading (CuZn20) gave the highest 

FE of 22.27 % for ethanol with the production rate of about 121 µmol h-1 L-1 production at -0.8 V (vs. 

RHE). The CuZn10/NGN electrode showed long term stability of at least 12 hours at optimized 

conditions. It is suggested that CO generated at the reduced ZnO nanoparticles increases the local 

surface coverage of *CO on the reduced CuO, which improves the C-C coupling rate, facilitating the 

multi-carbon production (i.e. ethanol). 

 

Take away Message: 

• This work may help in the development of effective and less expensive electrocatalysts for 
CO2 conversion in large-scale processing. 

• In this presentation, it is highlighted how metal loading and applied potentials affect the 

selectivity of CO2 reduction reactions. This will generate audience interest for development 

of other metallic composites (bimetallic, tri-metallic, etc) for efficient transformation of CO2 

to alcohols. 
• Presently, enormous efforts have been given to develop efficient electro-catalysts to increase the 

selective production of alcohols at lab scale only, however, the state-of the-art of CO2 
reduction catalysts are still not suitable for industrial applications due to issues related to the 
CO2 solubility, energy efficiency, complicated reaction kinetics, production rate, and catalytic 
stability. 
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• In order to bring the process closer to the commercial and applied level, further research should 

focus on solving the issue of low CO2 solubility, developing more advanced electro-catalysts 

with better structures, studying detailed mechanistic insights by both in situ and ex situ, etc. 
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Abstract: 

The demand for low-cost and high-conductivity room-temperature solid-state sodium-ion batteries 

continues to grow. Despite the fact that glass batteries have these features, it is not widely used in 

industrial applications due to its low ionic DC-conductivity and poor understanding of the dynamics of 

mobile cations. Herein, we have attempted to address the effect of substitution of NaF for Al2O3 on the 

conductivity of Na3Al2P3O12(NAP) glass (mol%: 37.5P2O5–25.0Al2O3–37.5 Na2O). Raman spectra 

reveal that the increase in the substituent NaF concentration significantly affects the coordination of 

Al3+ and the distribution of sodium cations in the network structure of NAP glass. Impedance spectra 

reveal that the change in conductivity of NAP glass with an increase in the NaF concentration is highly 

dependent on a specific temperature range. At a lower temperature range, (<150 °C), the conductivity 

increases initially with the increase in NaF concentration and it decreases with any further increase in 

the NaF concentration; whereas, at temperatures above 150 °C, the conductivity increases continuously 

with an increase in the NaF concentration. The frequency-dependent AC-conductivity has been 

analysed using the time-temperature scaling principle (TTSP) based on Summerfield and Ghosh scaling 

procedures to probe the ion conduction mechanism. The NAP glass that contains low NaF 

concentrations (<7.5 mol%) obeys the AC-conductivity scaling, i.e., it satisfies the TTSP principle, with 

respect to temperature based on the Summerfield scaling procedure; this indicates that the sodium-ion 

dynamics are independent of the temperature. The scaled AC-conductivity curves for NAP glass 

containing high NaF concentrations (>10 mol%) have deviated from Summerfield scaling and further 

indicate that the fraction of sodium-ions responsible for the ionic conductivity is decreasing with an 

increase in the temperature. Scaling of AC-conductivity curves for all the glass samples using the Ghosh 

procedure suggests that the number density along with the hopping distance of sodium ions changes 

with increasing temperature. The Modified random network structural model has been further utilized 

to explain the variation in the NAP glass conductivity with an increase in the NaF concentrations. The 

outcome of this work will certainly aid in designing the chemical compositions of glasses for the 

development of solid electrolyte materials for their applications in Na-ion batteries. 

 
Take away Message: 

• Here the relationship between structure and conductivity is shown by which the temperature-

dependent conductor can be explained 

• Frequency-dependent AC-conductivity was analyzed using the time-temperature scaling principle 

• Here is a study of the Raman spectra and impedance spectroscopy of NASICON glass which 

may be useful to other researchers

mailto:indrajeetmandal.aaa@gmail.com


  

                              

                           5th National Symposium on Shaping the Energy Future: Challenges and Opportunities (SEFCO) 
 

 

 

 

 

Biography: 

Indrajeet Mandal graduated from Kalyani University in 2020 with a master's degree in physics. Then, 

in 2021 he joined as a JRF in a project under Dr. Allu Amarnat Reddy at CSIR-Central Glass and 

Ceramic Research Institute. He has published 1 article on the sodium ion battery electrolyte in peer 

review SCI journal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

                              

                           5th National Symposium on Shaping the Energy Future: Challenges and Opportunities (SEFCO) 
 

 

 

 

 

 

                               Team SEFCO-2021 is grateful for your help and support 

You have made it happen 

Thank You Sponsors 
                          Gold Sponsors 

 

 

 

 

 

 

 

 

 

 

 

Silver Sponsors 
 

 

 

 

 

 

 

 

 

 

Supporting CSIR-Laboratories (Silver Sponsors) 



 

 

 



 

 

 

 

 

 



 

 

  



 

 

 


