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The Indian Institute of Petroleum, one of the constituent laboratories under the umbrella of Council 
of Scientific & Industrial Research (CSIR), was established on September 26, 1960. The Institute 
has continued its efforts to grow into an internationally renowned R&D organization, providing 
quality research and innovative technologies for the national and international market place and to 
produce technical support to the industry. Accredited with ISO 9001: 2015 certificate, Institute is 
devoted to multidisciplinary areas of Research and Development in the downstream sector of 
hydrocarbon and related industry.
Institute has experience and expertise in the process and product development (lab/bench/ pilot 
scale), process scale-up, process design, process optimization, process improvement and 
revamping. The institute is also involved in techno-economic feasibility studies, technology 
assessment, energy audit and conservation in chemical plants, vehicular pollution abatement, use of 
alternative fuels in IC engines and product characterization.
Some of IIP’s major activity areas are Petroleum Refining, Catalytic Refining and Catalysis, 
Separation Process, Solvent Extraction, Adsorption, Membranes, along with evaluation and 
characterization of Lubrication Oil and Modified Bitumen and Carbon Materials. Other areas of 
expertise are Thermal Conversion Process, Modeling, and Simulation, Chemicals /Petrochemicals, 
Intermediates and Additives for relevant industries. Process and product development for Specialty 
Chemicals, Petrochemical intermediates, Bioprocessing of petroleum streams; Fuel, Lubes, and 
Chemicals from Biomass are recently introduced.
Institute has developed a large number of processes and technologies and many of them have been 
transferred to the industry. Almost every refinery in the country has a product/ technology licensed 
by the institute. Test techniques are also developed for evaluation of petroleum products with BIS 
specifications. The institute has also established global tie-ups for contract research and technical 
services and has filed/granted patents in India and abroad. Large numbers of research papers are 
published in reputed International and National journals. The institute is bestowed with many 
prestigious awards in recognition of excellence in various fields. 

About  CSIR-IIP



Dear Friends,

rdIt gives me great pleasure to welcome you to the 3  National symposium on “Shaping the Energy Future - 
Challenges & Opportunities (SEFCO-2019)” at CSIR-Indian Institute of Petroleum. This one-and-a-half-
day event has been organized from the past two years with the intent for presenting, educating, discussing 
frontline topics in advanced energy materials and ongoing high-end research in the area of advanced 
energy materials. After the successful completion of the first and second edition of SEFCO, we expect the 
participation of nationally known top-tier scientists from academia, industry and those heavily involved in 
the Energy industry. 

In the present scenario, India is facing several unmet challenges in terms of energy security and self-
reliance. This year the symposium focuses on the use of untapped domestic carbon resources and 
harnessing its potential to meet the energy and environment targets. An important component of such an 
effort involves devising new chemical entities and validation of suitable experimental paradigms that have 
translational significance.

It delights me to mention that accredited with ISO 9001:2015 standards, CSIR-IIP, is now defining new 
areas in the realm of petroleum science and engineering helping downstream sector of the hydrocarbon 
industry. We are pursuing several research projects where the emphasis lies towards improvising the 
energy efficiency of established industrial processes and sustainable energy solutions.

Last year, we as a scientific entity successfully demonstrated our processes in diverse areas such as the 
development of biojet fuel for the aviation industry, halogen-free ionic liquids as eco-friendly lubricants, 
innovative desulfurization routes for petroleum products, a highly porous metal-organic framework for 
CO  capture and petroleum range compounds from waste plastics.2

I hope this symposium will provide you with a thought-provoking opportunity to integrate recent 
laboratory findings for process intensifications that could lead to a prosperous, sustainable and secure 
energy future for the planet. Please enjoy this fruitful and stimulus experience at the lush green campus of 
IIP Dehradun.

With best wishes ahead

Anjan Ray 

Message



Dear Participants of SEFCO 2019,

rdI am delighted to welcome you to the 3  Annual National Symposium on “Shaping the Energy 
Future - Challenges & Opportunities” (SEFCO 2019) organized by students and science faculties of 
CSIR – Indian Institute of Petroleum. The themes underlying in SEFCO-2019 rightly celebrate the 
National Technology Day, which addresses the upcoming challenges in the area of energy with the 
main focus on utilization of domestic carbon resources. The innovative scientific pursuits would be 
showcased to meet the overall energy and environmental targets. It would help in creating a roadmap 
for clean energy solutions which are not only low cost but also beneficial to the society at large.

The SEFCO-2019 will provide an interactive knowledge-based platform in which experts from 
academia and industry can share their experiences and guide young brains. This will also help in 
understanding the optimal use of energy to make the supply sustainable and develop appropriate 
strategies to mitigate industrial pollution

CSIR has repositioned today, as a global impact striving and outcome-driven organization 
delivering technology on the bases of outstanding research. CSIR has always focused on nurturing 
trans-disciplinary leadership thereby channelizing inclusive economic development. We dedicated 
to meeting the dreams and aspirations of the nation following a science-based entrepreneurship 
I hope this symposium could have a wonderful time ahead and you all will have the chance to gather 
and exchange knowledge with students and experts from across the nation. I wish the best to the 
organizers of SEFCO-2019 for their efforts and encourage them to continue this annual gathering 
with all the success for their future endeavour. 

Warm Regards
Shekhar C. Mande

CSIR-Director General Message



Message

I am very happy to note that CSIR-Indian Institute of Petroleum is organizing the Third National 
Symposium on “Shaping the Energy Future: Challenges and Opportunities” on 10 and 11 May 
2019 at Dehradun. The event will also mark the celebration of technology Day on 11 May 2019. The 
Symposium hopes to focus on recent developments in the science and technology of energy and 
environment with an emphasis on the use of domestic carbon sources to replace imported carbon 
sources. 
The symposium is, both, timely and relevant. India is one of the fastest growing energy markets in 
the world. India’s consumption of energy is poised to grow substantially, by over 33 % of the current 
energy consumption by 2040. India’s aspiration is to grow the consumption of energy in a more 
sustainable manner, by a judicious combination of non-renewables and renewables, keeping in mind 
our proactive commitment to COP-21 Paris Declaration of reducing atmospheric carbon dioxide 
emissions. To accomplish these goals we will require, both, technology and public policy 
interventions. Technologies to use domestic carbon sources in a more efficient manner for a diverse 
range of applications such as power generation,   transportation, and cooking fuels will be of 
paramount importance to reduce our dependence on expensive imports,  often, associated with 
major geopolitical risks.  Along with this India must make rapid progress in shifting to alternatives 
low-carbon energy sources, such as hydrogen and biomass to offset our overdependence on coal as 
an energy source. Our ability to meet these daunting goals will to a large extent depend on the 
scientific and engineering ingenuity of our research institutions.

I look forward to taking part in the interesting deliberations of this symposium. I wish the 
symposium a grand success

Sincerely, 

INDIAN INSTITUTE OF SCIENCE EDUCATION AND RESEARCH (IISER), PUNE 
(An Autonomous Institution, Ministry of Human Resource Development, Govt. of India)  
Dr Homi Bhabha Road Pune 411008

Hkkjrh; foKku f'k{kk ,oa vuqla/kku laLFkku] iq.ks
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rd3  National Symposium on

Shaping the Energy Future: Challenges & Opportunities (SEFCO - 2019)
Date: May 10-11, 2019

Venue: Dr. Lovraj Kumar Auditorium, CSIR-Indian Institute of Petroleum, Dehradun 

PROGRAMME SCHEDULE

Day One: Friday, May 10, 2019
08:00 - 11:00 Hrs Registration

Inaugural Session
09:00 - 09:15 Hrs Welcome & Deep Prajwalan, 
09:15 - 09:25 Hrs About Symposium,

Mr. Amit Kumar, Student Convener- SEFCO-2019
09:25 - 09:35 Hrs Welcome Note & Introductory Remarks by our Chief Patron

Dr Anjan Ray , Director, CSIR-IIP
09:35 - 09:45 Hrs Inaugural Address by Honourable Chief Guest

Padma Shree Dr Swaminathan Sivaram , Honorary Professor & INSA Senior Scientist, 
Former Director, CSIR-NCL, Pune.

09:45 - 09:55 Hrs Inaugural Note by Guest of Honour

Dr V Sivasubramanian, Director, PERC, Chennai

09:55 - 10:00 Hrs Release of Souvenirs/Abstract Book - SEFCO 2019
10:00 - 10:05 Hrs Vote of Thanks 

Dr Nilesh Manwar, Technical Team -SEFCO-2019
10:05 - 10:45 Hrs Tea-Coffee, Networking and Jigyasa Model Display

Session-1: Polymers for Energy & Environment
Chair: Dr G. S. Kapur & Dr S. K. Maity  

10:45 -11:10 Hrs (K1): Dr Swaminathan Sivaram: Honorary Professor & INSA Senior Scientist, IISER, Pune
Former Director, CSIR-NCL, Pune.

11:10 - 11:35 Hrs (I-1): Dr Raja Shunmugam: Professor, IISER-Kolkata

“Functional Polymers for "In -Field" Sensing and Trapping Applications for Aqueous 
Toxicants”

11:35 - 12:00 Hrs (I-2): Dr K.C. Gupta: Associate Professor, IIT Roorkee

“Role of Polymers for Energy from Renewal Resources and in Remediation of 
Environmental Pollution”

12:00 - 12:10 Hrs O-1, Divyam Jha: Rajiv Gandhi Institute of Petroleum Technology, Jais
“Adsorptive Removal of Dibenzothiophene from Diesel Fuel using Microwave Synthesized 

Carbon Nanotube and Carbon Nanofiber”

12:10 - 12:20 Hrs O-2 Abhilasha Mishra: Graphic Era University, Dehradun.
“Silica-based coatings for self-cleaning solar panels and characterization of coated surface”

12:20-12:25 Hrs SEFCO-2019 Group Photo

12:25 - 13:25 Hrs Lunch & Networking

“Functional Polymers in Energy Applications: Challenges and Opportunities”

*K - Keynote Speakers;   *I - Invited Speakers ; O - Oral*

Creating 

Future 

Fuels
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Capture”
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“Developing sustainable biorefineries by valorization of lignocellulosic agro -wastes via one -
pot bioprocesses”  

15:00 -  15:15 Hrs  Tea-Coffee & Poster Session  
Session-3: Green Chemistry

 
Chair: Dr V Sivasubramanian &

 
Dr Manoj Srivastava 
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15:40 Hrs
 
(K-3) Dr Anjan Ray: Director, CSIR-IIP, Dehradun

 “Distributed Models for India’s future Energy Ecosystems”
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(I-5): Dr A K Tripathi: Head, Hydrogen Energy and Catalysis Section, Chemistry Division, 
BARC, Mumbai

  “Development of Non

-

noble Metal Catalyst for Sulfuric Acid Decomposition Reaction 
and its Application in sulfur

-

iodine Process for Hydrogen Generation”
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(I-6): Dr Nanda Gopal Sahoo: Professor, Kumaun

 

University, Nainital

 
“Waste to Wealth: Synthesis of Carbon Nanomaterial from Solid Waste and its 
Applications”
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“Deep Eutectic Solvents for CO2

 

Capture”
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O-6 Saudagar Dongare: Thapar Institute of Engineering and Technology, Patiala,

 

“Synthesis and Characterization of Copper Nanoparticles: Potential Application Towards 
Electrochemical Reduction of Carbon Dioxide”
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Poster Evaluation

 

18:30 -
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Cultural Program

 

19:30 -

 

20:30 Hrs

 

Networking Time and Dinner

 

 

Day 2: Saturday, May 11, 2019

 

09:00 -

 

09:10 Hrs

 

Announcement of the National Technology Day -11 May by

 

Dr Anjan Ray

 

Session-4: Energy Applications and Operations

 

Chair: Dr.

 

Sanjeevan Bajaj,

 

Mr. Sudip Ganguly & Mrs. Poonam Gupta

 

09:10 –

 

09:35 Hrs

 

(K-4) Dr Nitin K Labhsetwar: Chief Scientist & Head, ERMD, CSIR-NEERI, Nagpur

 

“Nano-

 

and other Low -cost Materials for Cleaner Energy and Environmental 
Applications”

 

09:35 -

 

10:00 Hrs

 

(I-7): Dr K.A. Subramanian:

 

Professor, CES, IIT Delhi

 

“Utilization of Hydrogen in Internal Combustion Engines”

10:00 - 10:25 Hrs (I-8): Mr. Mahendra Pal: DGM, Inspection, Panipat Refinery and Petrochemical Complex,
Panipat
“Corrosion in Refineries and Metallurgy Selection-an Overview”

*K - Keynote Speakers;   *I - Invited Speakers ; O - Oral*
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*K - Keynote Speakers;   *I - Invited Speakers ; O - Oral*

10:25 -10:50 Hrs

 

(I-9): Dr Manabendra De: Senior Scientist, Centre for Societal Missions & Special 
Technologies, National Aerospace Laboratories

 

“Hybrid Solutions for Hybrid and Electric Vehicles”

 

10:50 -

 

11:00 Hrs

 

O-7 Deependra Singh: Department of Mechanical Engineering, IIT-BHU

 

“Biodiesel production from linseed oil transesterification and its Performance analysis on CI 
engine”

 

11:00 -

 

11:10 Hrs

 

O-8 P. Srinivasan:

 

Associate Professor, Department of Mechanical Engineerin g, BITS Pilani, 

 

“An investigation on the economic and environmental impact of retrofitting the flue gas 
desulphurisation (FGDs) units in major coal-based power plants in India using the externality 
cost approach.”

 

11:10 -

 

11:25 Hrs

 

Tea-Coffee

 

Session-5:

 

Circular Economy

 

Chair: Dr K.A. Subramanian, Dr Sanat Kumar & Dr Jasvindar Singh

 

11:25 -

 

11:50 Hrs

 

(K-5) Dr Sanjeevan Bajaj: Former

 

CEO, FICCI, New Delhi

 

“Circular Economy simplified: Every ending is a new beginning”
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“Imperatives of Resource Efficient Indian Economy”
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12:40 Hrs

 

(I-11): Mr. Kaushik K. Vyas : CEO Nostrum Energy, India

 

“Want to be an Energy Entrepreneur?”

 

12:40 -13:05 Hrs

 

(I-12): Dr Ravindra Kumar :  Chief Research Mana ger, DBT -IOC Centre for advance 
Bioenergy, Research and Development Centre, IOCL

 

“Structural Features of Dilute Acid, Steam Exploded, and Alkali Pretreated Mustard 
Stalk and their Impact on Enzymatic Hydrolysis”

 

13:05 -

 

13:15 Hrs

 

O-9 A. S. Chaurasia: Department of Chemical Engineering, VNIT, Maharashtra

 

“Production of Hydrogen Rich Syngas, Nano -Silica and Activated Carbon in Two -Stage 
Gasification Process”

 

13:15 -13:25 Hrs

 

O-10 Yog Divya: Energy Economics, BHU, Varanasi

 

“Energy and Cost Estimation of Biod iesel Production from Mahua (Madhuca longifolia) 
feedstock -a parametric study” 

 

13:25 -

 

14:10 Hrs

 

Lunch

 

Valedictory Session

 

14:10 -14:30

 

Hrs

 

Honorable Chief guest: Dr. Rajendra Dobhal: Director General, Uttarakhand State Council 
for Science and Technol ogy, Dehradun

 

14:30 -14:50 Hrs

 

Guest of Honour: Dr. SSV Ramakumar : Director(R&D), IOCL

 
 

“Sustainable Energy Options –

 

Indian Scenario”

 

14:50 -

 

15:00 Hrs

 

Summarize the Event

 

Dr Deepti Agrawal

 

15:00 -15:10 Hrs

 

Announcement for Oral/Poster Awards & Certifica te Distribution

 

15:10 -

 

15:20 Hrs

 

Concluding Remarks 

 

Ms. Jyoti Gahtori
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Functional Polymers in Energy Applications: Challenges and 
Opportunities

S. Sivaram
Honorary Professor & INSA Senior Scientist

Indian Institute of Science Education and Research
Dr Homi Bhabha Road, Pune 411008, India

Email:s.sivaram@iiser.ac.in

Functional polymers are invisible components of many devices used for generating and storage of 
renewable energy. Examples are hydrogen fuel cells, organic photovoltaic devices, and lithium 
batteries. Polymers were earlier exploited for their insulating or dielectric properties in many of 
these applications. However, in recent times, it is their functional properties that have made these 
materials attractive in these applications. Polymers provide the necessary insulating barrier between 
the anode and the cathode in these devices; however, they also facilitate selective proton and lithium 
ion transport, light harvesting and conversion to energy as well as act as efficient acceptors for 
cations in the anode part of a battery system. Polymers have become critical to both the efficiency of 
such devices as well as safety in their operation. It is,  therefore, not surprising that considerable 
amount of current research is devoted to the identification of suitable polymer substrates, the ability 
to transform them into functional materials, through chemical and physical methods, as well as 
better understand the relationship between polymer structure, function, and device performance. 
Functional polymers are poised to play a significant role in the emerging energy generation and 
storage devices

This lecture will provide an overview of this area of polymer science in terms of the nature of 
polymers that are of interest and their structure-function relationship. Methods of modifying the 
polymers, both, in bulk and at surfaces, will be discussed in relation to their performance in specific 
devices. The concept of porosity in polymers will be introduced to gain a better appreciation of ion 
mobility across polymer membranes. Some recent results from the author’s laboratory in the 
synthesis of polymers with intrinsic microporosity as well as porous high-temperature resistant 
polymers will be discussed in applications as separators for lithium-ion battery. Identification of an 
efficient separator polymer material for the lithium-sulfur battery is still a challenge. Some early 
understanding of how to design functional porous polymers that can facilitate lithium ion transport 
and at the same time inhibit the transport of polysulfide ion will be illustrated.  Some early results on 
the use of functional polymers for use as anodes in the lithium-ion battery will be presented.
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Integration of Wastewater Treatment with Waste Carbon Utilization 
using Microalgae

V Sivasubramanian

Director
 Phycospectrum Environmental Research Institute, 132, AK Block, 7th Main Road, Anna Nagar, 

Chennai 600040, India.
Email:vsivasubramanian@gmail.com

Wastewater treatment by employing algae is an emerging technology and it provides a great business 
opportunity in India and in other countries for carbon sequestration also. In India, this technology 
has been successfully developed and implemented by Phycospectrum Environmental Research 
Centre [PERC] in large scale treatment of a variety of industrial effluents. The benefits include pH 
correction, color and odor removal, sludge reduction, BOD and COD reduction, nutrient removal 
including ammonia, better management of R/O rejects, reduction of operation costs (90%) and flue 
gas/carbon mitigation. Customized solution is developed and installed in industries. World’s first 
ever large scale effluent treatment plant was established in 2006 at Ranipet by PERC and this plant is 
capturing 1200 tons of carbon per year. Following this successful technology implementation, 
PERC took up the challenge of developing similar algae-based technology for managing effluents 
from chemical industries, textile dyeing industries, oil drilling industry, etc. Carbon sequestration is 
yet another application of algal technology. Microalgae are known for high tolerance to increased 
CO2 levels and other impurities in flue gases and ideal organisms for carbon mitigation. The algal 
biomass generated while treating effluent can be used to produce valuable materials including bio-
fertilizers, aquaculture feed, biogas, bio-diesel, etc.  Integrating bioremediation with biomass and 
bioenergy production can address the problem of water availability, nutrient costs, and 
environmental health. Growing algae in effluents provide ideal conditions for higher biomass and 
oil production and make the process economically viable. This is more relevant in thermal power 
stations, steel industries and in industries where ever coal-based power generation happens. PERC 
has interacted with steel industries in India and abroad. At TATA STEEL, Jamshedpur, PERC is 
running a pilot plant to handle ammonia and cyanide in coke oven wastewater. The discussion is on 
to also use the flue gas to support algae growth and produce biomass. PERC has also successfully 
demonstrated, at pilot scale level, microalgae-based flue gas mitigation process in Hazira Plant of 
Natural gas unit of ONGC at Surat. The biomass was used to generate biogas. Although the 
technology has been demonstrated at several sites there are still challenges to make it really viable.
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Distributed Models for India’s future Energy Ecosystems

Anjan Ray

Director
CSIR-Indian Institute of Petroleum, Dehradun, UK, India- 248 005

Email:anjan.ray@iip.res.in; director@iip.res.in

The increasing recognition that the energy and environmental costs associated with the transfer of 
energy from the point of production or generation to the consumption are substantial, distributed 
models of production near consumption centers need urgent development. Distributed biofuels and 
bioenergy, and the possible integration of renewable chemicals supply chains with such models, are 
emerging from the frontiers of applied research.
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Nano- and other Low-cost Materials for Cleaner Energy and 
Environmental Applications

Nitin Labhasetwar
Chief Scientist & Head, Energy and Resource Management Division, 

CSIR-National Environmental Engineering Research Institute (CSIR-NEERI), Nagpur, (M.S.) 
India-440020

Email: nk_labhsetwar@neeri.res.in

Cleaner and sustainable energy, as well as environmental issues, are among the most important 
challenges the world is facing today and therefore attracting a lot of R&D attention in recent years. 
Although electric and hydrogen mobility has been pitched as a future of automobiles, the energy mix 
outlook, clearly suggests that oil will dominate the transport sector for another two decades or even 
more. Looking at the air pollution scenario, especially in urban settlements, there is no assimilative 
capacity left for any additional pollution loads. This has now prompted the Government to leapfrog 
to Euro-6 emission norms effective 2020. As the next few decades are likely to witness continued 
vehicular growth in India and with such stringent emission norms in place, advanced after-exhaust 
catalyst technologies will be inevitable. Vehicular emission control has been traditionally one of the 
major areas for catalyst applications in an environmental point of view, and responsible for the 
consumption of sizable fraction of noble metal production in the world. 

Low cost, non-noble metal-based catalysts can also show good potential for their applications, 
mainly due to the lowering of sulfur content in fuel, as well as due to the higher cost of noble metals. 
Although their activity and stability cannot be often compared with those noble metal-based 
catalysts, efforts are ever increasing to explore the possibility of their applications for both 
automobiles and stationary applications. We are exploring perovskites and other transition 
metal/mixed oxide based catalysts for diesel soot oxidation and we have recently tested one such 
substituted perovskite on engine dynamometer with encouraging results on PM mass and number 
reduction. We are also working on the development of low-cost nano-catalysts for abatement of 
volatile organic compounds (VOCs), which degrade indoor air quality, a major concern of air 
pollution in terms of health impacts. Mixed oxides of transition metals have also been studied for 
their applications in Chemical Looping Combustion for Cleaner energy generation.

References: 
[1] S. Sandra, S.K. Singh, P. Mungse, et al.  Energy & Fuel, 30 (9), 7596-7603, 2016.
[2] L. Nagar, R. Khobragade, N. Labhsetwar, G. Saravanan, RSC Advances, 6, 85634-85642, 2016.
[3] Jayasree. K.  Pulleri*, D. Yearwar, G. et al., Journal of Nanoscience & Nanotechnology, 2018.
[4] P.C. Shukla, T. Gupta, N. Labhsetwar, A. Agarwal, RSC Advances, 6, 61, 55884-55893, 2016.
[5] S.K. Megarajan, S. Rayalu, M. Nishibori, Y. Teraoka, N. Labhsetwar, ACS Catalysis, 5,301-309, 2015.
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Circular Economy simplified: Every ending is a new beginning

Sanjeevan Bajaj
Faculty for the Life Cycle Management course at Noida campus,Indian Institute of Management, 

Lucknow, Former CEO, FICCI, Quality Management, New Delhi
Email: sanjeevanb@gmail.com

In recent years, the idea of creating a Circular Economy (CE) has received increasing attention as a 
way of resolving some of our most pressing sustainability challenges. The optimists among us are 
imagining an economy where waste and pollution do not exist, products and materials remain in use 
for the longest time ever, and resources are replenished by design. During the 2018 High-Level 
Political Forum of UN, CE was repeatedly mentioned as a key solution at the Expert Group Meeting 
and in-depth review of SDG 12 on Sustainable Consumption and Production (SCP), also covering 
issues concerning climate change, ocean action, and food waste and loss. 

To transition from imagination to reality, which in our context means from a linear to a circular 
economy, implies that we need to break the vicious linear take-make-break model and introduce 
benign circular loops of restorative and regenerative economic activities. However, the nuts and 
bolts of how this revolutionary change can happen are far from clear. What seems clear is that 
entrenched production methods and consumption patterns must give way to new ways, turning 
much of current wisdom on its head. What also seems clear is that the new ways will require the 
cooperation of stakeholders across the entire spectrum. Like all systemic changes, CE requires a 
multitude of stakeholders to work together aligning and realigning their activities, collaborating and 
supporting one another. No group of stakeholders can do it alone, and no group can be left out. 

Companies can contribute to the transition by developing competencies in a circular design and 
conceiving innovative business models. Policymakers can support the transition by encouraging 
reuse of materials and increasing resource productivity by redesigning incentives and providing 
access to financing. Everyone has a role to play in this transition by supporting practical actions and 
putting pressure on businesses and governments to accelerate implementation activities. This leads 
us back to the million-dollar question: do we really understand what should be trying to accelerate? 
The keynote lecture looks at the concept of CE through a lens of pragmatic and practical actions, and 
navigates through the maze of ideas on CE with an eye on four key questions: 

1. What does CE look like in imagination and in practice?
2. Where do we see the biggest opportunities to build and expand CE?
3. What are the barriers impeding CE and how can they be addressed?
4. Which unintended consequences do we need to guard against?

‘Goods are called good because they can 
be used for good: they are instruments for 
good, in the hands of those who use them 
properly. There is no such thing as 
"away." When we throw anything away it 
must go somewhere.’
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Functional Polymers for "In-Field" Sensing and Trapping 
Applications for Aqueous Toxicants

Raja Shunmugam
Professor

Polymer ResearchCentre (PRC), Centre for Advance Functional Materials (CAFM),
Department of Chemical Sciences,Indian Institute of Science Education and Research (IISER) 

Kolkata India-741246.
Email: sraja@iiserkol.ac.in

The main threats to human health from heavy metals are associated with exposure to lead, cadmium, 
mercury, and arsenic. To provide sensitive and selective sensor systems, fluorophores (e.g. 
Rhodamine, Hydroxyquinoline) with binding moieties are attached to norbornene backbone. It is 
found that hydroxyquinoline modified polynorbornene behaves as a fluorometric responsive 

2+ 3+
molecule for Cd , whereas rhodamine based polynorbornene acts as chemodosimeter for As . 
Norbornene based monomers are polymerised by ROMP technique using Grubbs’ Catalyst. Using 
UV & Fluorescence method, the sensing ability of the new molecules is confirmed. The response of 

3+ 2+the sensing event is instantaneous. These novel designs are able to sense ppb level of As  and Cd , 
very selectively in an aqueous environment. Paper strips are prepared to demonstrate in-field 
application.

References
[1] Sarkar, S.;Shunmugam, R., ACS Appl. Mater. Interfaces, 2013, 5, 7379.
[2] Bhattacharya, S.; Sarkar, S.; Shunmugam, R. J. Mater. Chem. A 2013, 1, 8398.
[3] Sarkar, S.; Mondal, A.; Tiwari, A. K.; Shunmugam, R. Chem. Comm., 2012, 48, 4223.
[4] Bhattacharya, S.; Rao, V.;  Sarkar, S.; Shunmugam, R. Nanoscale  2012, 4, 6962.
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Role of Polymers for Energy from Renewal Resources and in 
Remediation of Environmental Pollution

K. C. Gupta
Professor

Department of Chemistry, Indian Institute of Technology,
 Roorkee - 247 667, India,

Email: kcgptfcy@iitr.ac.in, Tel : + 91 1332 285325

Owing to the rapid depletion of fossil fuels and increasing environmental pollution over the last few 
decades, intensive researches are on to meet the challenges and issues of energy and environment. 
Efforts are on to explore sustainable, non-polluting sources of energy to protect the environment. 
Various sustainable resources of energy such as mechanical vibrations, blue and solar energies have 
become a potential source of energy for various applications by using different mechanisms of 
transduction and storages. To meet out the shortage of energies, functional polymers and their 
composites are playing significant roles in transduction and storage of energies of natural resources. 
Currently, polymer ionomers have contributed significantly in improving the efficiency of proton 
membrane fuel cells due to better interfacial stability and binding effect. The performance of 
polyelectrolyte fuel cells at high current density has shown a significant variation on using 
ionomer/carbon in different ratios due to variation in the rate of diffusion of gases. Polyelectrolyte 
membrane-based fuel cells are found to be useful in low temperature applications in comparison to 
solid oxide-based fuel cells, which usually are able to operate at high temperature. To meet out the 
challenges of fluctuating weather conditions and intermittent resources of solar energy, the storage 
of solar energy in the form of chemical fuels is proved to be a beneficial way of tapping of solar 
energy and its storages at large scale. In this context, the role of functional polymers in the 
exploitation of solar energy is found to be promising to meet out the stringent requirements of 
generation of energy and its storages. In organic photovoltaics with bulk heterojunction architecture, 
the efficiency of power conversion varied with crystallinity of polymers and phase separation 
between donor and acceptor materials. The degree of crystalinity and phase separation both was able 
to control the mobility of carriers and thus controlled the efficiency of organic photovoltaic in 
tapping the solar energy. Polymer structures also played a significant role in controlling the 
efficiency of dye sensitized solar cells. The polymers used in dye sensitized solar cells usually act as 
flexible substrate and as pore- and film forming agents for
photoanode and also used as counter electrodes. Polymers also proved to be a promising material in 
perovskite solar cells as a nucleating agent to enhance the extent of crystallization in perovskite 
films. In addition to these applications polymers in the tapping of solar energy, the various kinds of 
polymeric hydrogels and polymeric materials proved to be a promising substitute to solve the 
various problems associated with the environment, which would be discussed and lighted during the 
delivery of the talk.
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I-3

Development of Activated Carbon from Waste Biomass for 
CO2Capture

D. Mallesh, B. V. S. K. Rao, N. Lingaiah*
Catalysis & Fine Chemicals Division,CSIR-Indian Institute of Chemical Technology, Hyderabad, 

India.
Email: nakkalingaiah@iict.res.in

Utilization of waste carbon sources such as agricultural waste biomass for useful purposes is 
important as its combustion leads to emission of carbon dioxide (CO ), a greenhouse gas. The 2

emission of CO  from fossil fuel combustion is causes global warming and climate change [1]. There 2

is an utmost need to decline the carbon dioxide levels in the atmosphere. Therefore one can be reduce 
the CO  level in atmosphere by limiting the use of fossil fuel, enhancement in combustion and energy 2

efficiency and to carbon capture and storage (CCS). Among them, CCS is the major option for 
controlling the atmospheric carbon dioxide. The adsorption of CO  using solid adsorbent is a 2

promising method compared to the other existing methods like absorption, membrane separation, 
and cryogenic separation. We have been developing carbon materials derived from waste biomass as 
efficient adsorbents [2,3]. In this study different biomass sources such as Butea parviflora shell, 
Entadarheedii shell and Subabul is used to prepare carbon materials by different approaches and 
studied for CO  adsorption capacities. This is a successful attempt for development of adsorbents 2

from different carbon sources. 
The waste biomass was subjected to three kinds of treatment. In the first one, the waste carbon source 
was washed with water. The second one was treated hydrothermally with 2M HCl at 140 °C for 24 h 
and then washed with distilled water until the pH was neutral. Thirdly one was treated with 2M 
NaOH as in the case of the second one. Then these three different materials carbonized at different 
temperatures ranging from 400-900 °C under an inert atmosphere.  CO  adsorption experiments 2

were carried out in a fixed-bed down-flow reactor. The adsorption capacity was carried at different 
temperatures ranging from 25-70 °C. The adsorption and desorption were carried up to five cycles.
The CO  adsorption capacities of the carbons derived from different sources are evaluated. The CO  2 2

adsorption capacities are depended on the nature of biomass source, treatment condition, and 
carbonization temperature. The carbon derived after acid treatment showed high CO  adsorption 2

capacity compared to other treatments. The high adsorption capacities of the carbon materials are 
due to their physicochemical properties. The carbon with high surface area andthe presence of 
nitrogen functional groups showed exceptional adsorption capacity. The adsorption capacities of the 
samples are explained based on the characteristics of the sample derived from the surface area, 
basicity, XRD, CHNS analysis and FE-SEM.  The samples recyclability and water tolerance were 
also studied.  
References
[1] Lee, S. Y.; Park, S. J. J. Colloid Interface Sci. 389 (2013) 230.
 [2] K. Upendar, A.S.H. Kumar, N. Lingaiah, K.S. Rama Rao, P.S. Sai Prasad, Int.J. Greenhouse Gas 

Control, 10 (2012) 191.
[3] J. Mahammad Rafi,A. Rajashekar, M. Srinivas, B.V.S.K. Rao, R.B.N. Prasad, N. Lingaiah

RSC Advances, 5 (2015) 44550-44556 Invited
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Biodegradable/Bio-Plastics – Myths and Realities  

Vishal Goel and G. S. Kapur
Executive Director, Research and Development Centre, IOCL

The production of plastics has increased 20-fold in the past half-century, increasing from 15 million 
tonnes in 1964 to 322 million tonnes in 2015 and is expected to double in the next 20 years. The 
unmanaged disposal of plastics waste is leading to major environmental issues. Conventional 
plastics which are non biodegradable like PE, PP when unmanaged, are accumulating in the nature, 
leaving behind undesirable visual footprint. The main culprit is the single use plastic which is being 
littered by the common people in the open environment. It is against this background on 
littering of conventional plastics, the bioplastics started to appear in the market, taking into account 
their end of life options, reduce both visual plastic pollution and accumulation in the environment. 
However there are many issues with Bioplastics which need to be addressed, some of which are the 
following:
• Bioplastics accounts only 1 % of total plastic production all over the world. Out of total 

bioplastics produced, around 43 % are biodegradable and rest 57% of bioplastics are 
biobased but not biodegradable. 

• They are expensive compared to conventional plastics. 
• It has to be understood that so called bioplastics is not the panacea for the littering problem. If 

biodegradable plastics are not disposed properly, it will in fact increase the littering problem 
and hence pollute the environment much more. 

• The false assumption on biodegradability may increase littering, contaminate recycling 
streams and may increase biowaste management cost. 

• Bioplastics are not at all designed to be recyclable in the same way as conventional plastics 
and hence will create difficulties in collection and recycling.

• It is misleading to merely claim biodegradability without referring to any 
national/international standards. Many companies in the US were selling products labeled as 
biodegradable / compostable and later had to pay heavy penalty by the courts.

• Standards have been created considering biodegradable bioplastics only and  here is need to 
rewrite the standards taking into account all the different types of plastics not only 
biopolymers 

The talk shall cover many of such relevant issues related to Biodegradable/bio-plastics and why 
Bioplastics may not solve the problem of littering and pollution under the current circumstances.
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Development of Non-noble Metal Catalyst for Sulfuric Acid 
Decomposition Reaction and its Application in sulfur-iodine Process 

for Hydrogen Generation

A.K. Tripathi
Chemistry Division, Bhabha Atomic Research Centre, Trombay, Mumbai-400 085

E-mail: catal@barc.gov.in

Hydrogen being a clean and renewable energy carrier offers a promising alternative to the fossil 
fuels, particularly for the transport applications using fuel cell technology. Unlike steam methane 
reforming thermochemical water splitting using renewable/nuclear energy has shown great 
potential towards efficient production of hydrogen on an industrial scale without any emission of 
greenhouse gases.
The present study will provide a glimpse into the in-house non-noble metal catalyst development 
work undertaken at Chemistry Division on sulfuric acid decomposition reaction, the most 
endothermic step of Sulfur-Iodine (S-I) thermochemical cycle being pursued at Bhabha Atomic 
Research Centre (BARC) for large scale hydrogen generation. Various catalyst systems like iron 
oxide, substituted iron oxide, ferrites were evaluated in the temperature range of 600-825°C 
employing indigenously developed glass setups for sulfuric acid decomposition. 
Owing to higher activity Fe Cr O  catalyst was deployed in a glass closed loop operation of S-I 1.8 0.2 3

process at Chemical Technology Division, BARC, producing hydrogen @30NLPH for 20 h. The 
presentation will also include mechanistic aspects of sulfuric acid decomposition process over iron 
oxide based catalyst and a comparison with a commercial Pt/Al O  catalyst2 3
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Waste to Wealth: Synthesis of Carbon Nanomaterial from Solid 
Waste and its Applications

Nanda Gopal Sahoo
Professor

Nanoscience and Nanotechnology Centre, Department of Chemistry, D.S.B. Campus, Kumaun 
University, Nainital-263001, Uttarakhand, India

Email:ngsahoo@yahoo.co.in

Presently, solid waste management and converting it into value-added products is one of the greatest 
challenges before the scientific community. Thus, it is urgently required strategies for solid waste 
management with the potential to convert the “Waste to Wealth”. Different types of waste can be 
categorized into industrial, agricultural, sanitary and solid urban residues based on their origin. 
Especially in India, plastics, food and agricultural wastes are still in their traditional position because 
of the huge technological gap. So, it is a big challenge to convert them into value-added products. In 
this talk, the synthesis of graphene and graphene oxide (GO) in mass scale from solid waste using a 
cost-effective and environment-friendly method will be discussed. GO can be further functionalized 
covalently with different functional groups in order to enhance their solubility and bioavailability. 
These functionalized GOs can be used for various applications.
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Utilization of Hydrogen in Internal Combustion Engines

K.A. Subramanian
Professor, 

Centre for Energy Studies, Indian Institute of Technology, Delhi
Email:K.A.Subramanian@ces.iitd.ac.in

The World shifts from use of low carbon fuel to zero carbon fuel to achieve sustainable energy and 
environment. Hydrogen fueled internal combustion engines emit zero carbonaceous emissions 
along with higher thermal efficiency compared to gasoline / compressed natural gas. The developed 
technology provides the back-fire free operation and ultra-low NOx emission in hydrogen fueled 
spark ignition engine. The hydrogen, which is a by-product from chloro-alkali, petroleum refineries, 
acetylene industries, ammonia industries etc., can be used in the spark ignition engine generator to 
generate electricity which could be used in the industrial plant itself and this model eliminates the 
problem of hydrogen’s storage, transportation and dispensing from these industries. A sustainability 
of diesel engine is a question mark as the engine suffers due to mainly high particulate matter and 
carbon dioxide emissions and these problems can be solved by operation of diesel engines under 
dual fuel mode (hydrogen blended compressed natural gas (HCNG) / hydrogen) with the benefits of 
lower emissions along with improved thermal efficiency. The integrated energy system with internal 
combustion engine and fuel cell is being explored as the partially or unreacted  fuel (emissions) 
coming from cathode of fuel cell can be burned in internal combustion engines to reduce the 
emissions to the acceptable level, generate additional power and improve overall efficiency. 
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Corrosion in Refineries and Metallurgy Selection-an Overview

Mahendra Pal
DGM, Inspection, 

Panipat Refinery and Petrochemical Complex, Panipat
Email: palm@indianoil.in

In order to meet the growing energy requirement, refineries across the world are employing advance 
process technologies with high temperatures, pressures  and processing the cheap and worst 
available crudes for increasing the bottom line and profitability. These opportunity crudes bring 
along with them a challenge to tackle corrosion in the existing hardware without compromising with 
the safety and reliability of unit operation for refiners. 
Majority of Materials used in a refinery is carbon steels. Others being SS, Brass, Alloy steels, Duplex 
SS, Titanium, Haste ally etc. Each of these materials have different problems in different service 
environments. Various corrosion challenges faced in different process units, their mitigation and the 
right metallurgy selection is discussed in this presentation/paper

rd3  National Symposium on Shaping the Energy Future:  Challenges & Opportunities (SEFCO-2019)

Invited
13

Energy Applications and Operations



I-9

Hybrid Solutions for Hybrid and Electric Vehicles  - A CSIR 
Perspective

De Manabendra Manindrakumar
Senior Scientist, Centre for Societal Missions and Special Technologies, National Aerospace 

Laboratories, Bengaluru
*Email: manav@nal.res.in

Plug-in Hybrid Electrical vehicles (PHEVs) and Electrical vehicles (EVs) are the buzz words in 
today’s era. India has also not remained untouched by this global technological development. Efforts 
are already underway across India to encourage usage of these eco-friendly modes of transport to 
reduce carbon footprint and combat climate change. Government policies and frameworks are also 
being put in place to increase the awareness and outreach of PHEVs and EVs. With these efforts, 
there is an increase in the penetration of these EVs in the Indian Transport sector. As the footprint of 
EVs increase, a requirement of reinforcing the local grid and introduction of sophisticated smart grid 
arises.
In line with this, the present talk primarily focuses on how renewable energy can be a promising 
option to off-load the local grid, compliment the smart grid, and cater to the requirements of the 
charging stations. A brief introduction about the PHEVs and EVs from global and Indian context and 
different paradigms for powering the charging stations shall be covered in the initial part of the talk. 
This will be followed by information on the technical aspects related to harvesting renewable energy 
to power the charging stations. Efforts made at the international and national level in these directions 
shall be briefly reported.
A bird’s eye view of CSIR-NAL’s efforts on harvesting green energy shall be presented next. The 
talk will conclude with CSIR’s perspective on a Bio-diesel - Wind - Solar Hybrid (BiWiSH) system 
for charging PHEVs and EVs. This product-centric research has been jointly conceived and is being 
pursued by CSIR-IIP and CSIR-NAL.  
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Imperatives of Resource Efficient Indian Economy

Souvik Bhattacharjya
Fellow, Centre for Resource Efficiency and Governance, TER, New DelhiI

*Email:souvik.bhattacharjya@teri.res.in

Natural resources form the backbone of any economic development. Resources not only help in 
meeting our basic needs, but also fulfill human aspirations for a better quality of life, higher 
standards of living. The recent upsurge in consumerism has driven demand for various natural 
resources, thus exerting pressures on the environment and raising sustainability concerns. India is 
estimated to consume nearly 7 % of globally extracted raw materials per annum supporting around 
18% of the world population. Between 1970 and 2017 demand has increased more than six times 
from 1.18 bn tonnes to 7.4 bn and eventually India has emerged as the second largest consumer of 
materials after China. The resource extraction per unit area is one of the highest in the world (1,579 
tonnes/acre) compared to the global average of 454 tonnes/acre.  The compound annual growth rate 
(CAGR) in domestic material consumption was a modest 3% between 1970 and 2000, however 
since the beginning of this millennium the CAGR has almost doubled.
With an estimated growth assumption of 8 per cent until 2030, the material consumption can 
increase to nearly 15 billion tonnes. This will consist of 2.7 billion tonnes of biomass, 6.5 billion 
tonnes of minerals, 4.2 billion tonnes of fossil fuels, and 0.8 billion tonnes of metals in 2030; while 
the estimated per capita consumption would reach around 9.6 tonnes which is current approximate 
global average. 
The situation is further complicated by the fact India’s resource productivity improvement has been 
slow compared to other countries like Germany, and China, among others. Less productive 
utilization of resources has consequences in increased demand for virgin resources, high 
environmental burden, increased costs of production. India’s average material cost in total 
production cost is estimated at more than 70% vis-à-vis 40 to 50 % in developed economies. The 
average rate of recycling in India is low (20-25%) when compared to the other developing and 
developed countries where the rates are as high as 70 %. Further the current practices of handling 
secondary materials post consumer use is highly inefficient largely because they are handled in the 
informal sector. Limited technology knowhow, access to finance and technology are factors that 
impede improved productivity and material recovery. 
Meeting the growing demand for materials is a daunting challenge. These challenges include 
growing costs, shrinking geological availability and risk of material exhaustion/ uncertainty with 
regard to long-term abundance and finally social license to operate that arise from equity and 
distributional challenges and the associated uneven and unfair access to natural resources. India is 
already a net importer of resources, dominated by fossil fuel imports and critical materials. The 
import dependence increases the vulnerability of the economy to global geo-political and economic 
risks apart from adversely affecting the trade balance. 
Enhancing Resource Efficiency and promoting the use of secondary raw materials (SRM) has 
emerged as a strategy for ensuring that the potential trade-off between growth and environmental 
well-being can be minimized. This strategy has the potential to stabilize raw material supply for 
industry, reduce pressures on the ecosystem and create many green jobs. Moreover, efficient use of 
resources has substantial economic benefits created through reduced costs linked to less extraction 
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of virgin raw materials, reduction in import dependency and reduced use of energy and process 
materials.
Countries are increasingly introducing legislative frameworks to guide their economies towards 
resource efficient trajectories. Initiatives in China, Japan and South Korea in the Asia Pacific region 
are worth mentioning. China, for example, has enacted the Circular Economy Promotion Law 
(2009) and Circular Economy Development Strategy and Immediate Plan of Action (2013) enabling 
its transition to resource efficient development. In 2013 China also introduced the Circular 
Economy Development Strategy and Immediate Plan of Action and identified sector-specific 
development targets. Japan established the Fundamental Law for Establishing a Sound Material-
Cycle Society (2000) to overcome the challenges with growing waste generations and resources 
scarcity. South Korea has adopted various policy instruments to transform a linear economy into a 
circular one. Related policy actions are Resource Efficiency Programme (REP), Energy Recovery 
Programme (ERP) and Recycling Technology Programme (RTP). Europe, Austria, Denmark, 
Finland, Germany and Netherland, have dedicated national strategies for material Resource 
Efficiency. France announced Circular Economy Roadmap in 2018 which is to be put before 
Parliament in 2019. Belgium and United Kingdom have regional Resource Efficiency strategies. 
Sweden aims for a zero waste society and will take the country’s recycling revolution one step 
further making it zero waste future by 2020. 
A strategic framework on resource efficiency will help in establishing the right direction of public 
thinking whereby, it will reflect the government’s even more commitment to facilitate transition. 
Creating platforms for multi-stakeholder collaboration will result in exchange of ideas and putting 
them into practice eventually generating new business models, resource efficient products, and 
demonstrating success. Simultaneously standards for new products will be very crucial that will 
enhance consumer acceptability and demand. Greater demand will provide economies of scale 
thereby reducing prices. 
New business models on resource efficiency will offer attractive opportunities for businesses and 
financial institutions, thereby creating avenues of employment growth, and greater growth diversity. 
However, facilitating such processes through enabling regulatory framework and innovative 
economic instruments will attract interest from different industries and geographies. Prioritization 
of sectors/materials for bringing about resource efficiency improvements is equally essential in 
bringing the desired transition in the economy. It is critical to measure improvements based on 
suitable indicators across various sectors. A target based approach is warranted across selected 
stages of life cycle for achieving productivity, recyclability, specificity of content of recycled 
materials in newer products, standards for recycled, reused, refurbished and remanufactured 
products, etc.
While technological development and process innovation play an important role in adopting 
circularity during the production phase, mindset transformation and behavioral change promoting 
life cycle thinking at the consumption phase holds the key to unlock adoption of circular economy. 
An integrated Resource Efficiency Policy will be able to bring the desired transition.
Finally an institutional mechanism is the need of the hour that will facilitate, monitor and review the 
implementation of various policies and programs across sectors and product life cycles and 
periodically propose necessary course corrections. Their functions need to include developing 
Resource Efficiency measures across the life cycle to avoid burden shifting across stages, sectors 
and resources (including biotic resources) keeping in mind ease of implementation and minimizing 
transition costs serving as a repository of best practices and business models.
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WANT TO BE AN ENERGY ENTREPRENEUR?

Kaushik Vyas
CEO Nostrum Energy, Director Nostrum Pharmaceuticals,

United States
Email: kaushik@nostrumenergy.com

What are you passionate about? 
Is there knowledge gap that you are filling? 
Is there a real market need for it? 
Are there any special advantages to being in Indo-American company? 
What role can CSIR and IIP play? 
Where will one find the investment to do this properly and how will this venture make money?

This presentation is about one Indo-American entrepreneur’s ongoing journey to make a 
difference in the internal combustion engine space. 
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Structural Features of Dilute Acid, Steam Exploded, and Alkali 
PretreatedMustard Stalk and their Impact on Enzymatic Hydrolysis

Ravindra Kumar
Chief Research Manager, 

DBT-IOC Centre for Advance Bioenergy Research, 
Research & Development Centre,

Indian Oil Corporation Limited, Sector-13, Faridabad-121007
Email:kumarr3@indianoil.in

Biomass is considered as the most abundantly available feedstock for production for fuels and 
chemicals as these biomasses are rich in fermentable sugars. However, extraction of these sugars 
from biomasses poses a challenge due to the recalcitrant nature of these biomasses. In order to 
overcome the recalcitrant nature of biomass several pretreatment methodologies have been explored 
to make it amenable to enzymatic hydrolysis. These methodologies alter cell wall structure 
primarily by removing/altering hemicelluloses and lignin. In this work, alkali, dilute acid, steam 
explosion pretreatment are systematically studied for mustard stalk. 

To assess the structural variability after pretreatment, chemical analysis, surface area, crystallinity 
index, accessibility of cellulose, FT-IR and thermal analysis are conducted. Although the extent of 
enzymatic hydrolysis varies upon the methodologies used, never-the less, cellulose conversion 
increases from <10% to 81% after pretreatment. Glucose yield at 2 and 72 hare well correlated with 
surface area and maximum adsorption capacity. However, no such relationships observed for xylose 
yield. Mass balance of the process is also studied. Dilute acid pretreatment is the best methodology 
in terms of maximum sugar yield at lower enzyme loading. Experimental details and their impact on 
sugar recovery will be discussed in the conference.
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Adsorptive Removal of Dibenzothiophene from Diesel Fuel using 
Microwave Synthesized Carbon Nanotube and Carbon Nanofiber

1 1Divyam Jha , M.S. Balathanigaimani *
1Rajiv Gandhi Institute of Petroleum Technology, Jais

*Email: msbala@rgipt.ac.in

The batch adsorption of dibenzothiophene (DBT) from a model diesel fuel (MDF) by two 
adsorbents named as Microwave synthesized carbon nanotubes (M-CNT), Microwave synthesized 
carbon nanofiber (M-CNF) were studied. The Freundlich and Sips isotherm models correlated the 
adsorption equilibrium experimental results of DBT on M-CNT and M-CNF.  The kinetic studies 
were conducted for DBT on M-CNT and M-CNF to understand the rate of adsorption. The 
adsorption of DBT on M-CNT was investigated at different temperatures to know the 
thermodynamic behavior of this adsorption system. M-CNT showed relatively higher DBT removal 
capacity over M-CNF, as the surface area, pore size and pore volume of M-CNT are higher than M-
CNF. The maximum DBT adsorption by M-CNT and M-CNF were 43% and 35 %, respectively, for 
an adsorption condition of 0.25 g of adsorbent, 250 ppmw of DBT in MDF, 30 oC, 60 min, and 250 
rpm.

Keywords: Adsorption Isotherm; Desulfurization; Carbon nanotube; Carbon Nanofiber
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Silica-based Coatings For Self-cleaning Solar Panels and 
Characterization of a Coated Surface

1 1
Abhilasha Mishra , Neha Bhatt

1Chemistry Department, Graphic Era (Deemed to be University), Dehradun, Uttarakhand.

The use of solar power is increasing, because of the most reliable, renewable energy alternative as 
well as ecologically safe. Photovoltaic systems are playing a crucial role in our future energy 
demand. But there are some improvements needed to increase efficiency and to reduce the cleaning 
cost of solar photovoltaics as about 20-35% of solar panel efficiency loses due to dust on the top 
glass cover of the surface. Silica-based superhydrophobic organic coatings were prepared by 
decreasing surface energy and increasing surface roughness, to reduce cleaning cost and to increase 
the efficiency of the panel. These kinds of surfaces are inspired by natural substances like a lotus leaf. 
Silica nanoparticles were prepared by acid hydrolysis of silica precursor tetraethylorthosilicate 
(TEOS) with acetic acid. After washing with alcohol the nanoparticles were washed and dried in the 

o
oven. The silica nanoparticles were cured at 450 C for three hours and dispersed in ethanol. To 
increase the hydrophobicity hexamethyldisilazane (HMDS) was added to silica dispersion and kept 
for one week. The prepared suspension was coated on small glass pieces and on solar panel by a 
spray coating method. Morphology of coated surface was characterized by scanning electron 
microscopy (SEM) and the sizes of particles were found between 15-30nm with homogenous 
distribution on the surface. Surface roughness was characterized by atomic force microscopy 
(AFM), the mean height of the peaks observed between 23nm- 455nm. Water contact angle against 
coated surface was analyzed between 130°-156° by contact angle goniometer for different coatings. 
Coatings showed superhydrophobic characteristics which decreases the dust adhesion on a solar 
panel. The IV curve and efficiency of the coating were also analyzed. It showed better efficiency 
than the uncoated panel.

Keywords: Nanoparticles;Solar panel; Efficiency;Self-cleaning.
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Biodegradability of Polypropylene for Flexible Packaging 
Applications

1 1 1Sunil Sable , Sanjeev Ahuja , and HaripadaBhunia*
1Department of Chemical Engineering, Thapar Institute of Engineering and Technology, Patiala-

147004, Punjab, India
*Email:hbhunia@thapar.edu

The worldwide accumulation of non-biodegradable plastic materials, such as plastic bags, is one of 
the most important environmental concerns nowadays. The use of degradable materials is an option 
to mitigate the environmental impact created by the consumption of plastics. An alternative for 
improving the degradability of polyolefins is the addition of pro-degradant additives to their 
formulations. The materials obtained are then called oxo-degradable. This makes plastics more 
susceptible to biodegradation. In this work, several films of pro-degradant modified polypropylene 
(PP) were prepared using a compounding technique followed by hot press molding. The modified 
PP film samples were subjected to using Fourier transforms infrared spectroscopy (FTIR), universal 
testing machine (UTM), thermogravimetric analysis (TGA), differential scanning calorimetry 
(DSC), scanning electron microscopy (SEM), and X-ray diffraction (XRD). The biodegradability of 
modified PP films was studied in composting conditions and evaluated for ecotoxicological impact. 
The presence of pro-degradant in the PP film was confirmed by FTIR studies. The UTM results 
exhibited that the tensile strength of modified films decreased with increase in pro-degradant 
concentration [1]. Thermal stability of PP films decreased with the addition of pro-degradant as 
confirmed by TGA analysis. The crystallinity of the modified PP films was lower than that of PP film 
as indicated by DSC and XRD analysis. The modified PP films predominantly enhanced the 
degradation of PP. Biodegradation intermediates were nontoxic in nature as confirmed by eco-
toxicity tests.

References
[1] Subramaniam M, Sharma S, Gupta A, Abdullah N. Enhanced degradation properties of polypropylene 

integrated with iron and cobalt stearates and its synthetic application. Journal of Applied Polymer Science. 
2018;135:46028.
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Effect of Dealumination of Some Zeolites on Catalytic 
Depolymerization of HDPE

1 1 l 2SayantaniSaha* ,Sanat Kumar , and Kama  K Pant
1CSIR-Indian Institute of Petroleum

2
Department of Chemical Engineering, Indian Institute of Technology Delhi

*Email:sayantani.saha@iip.res.in

Waste plastic poses serious environmental threats due to its non-biodegradability. Around 80% of 
the waste plastics in municipal solid waste are polyolefins, namely HDPE, LLDPE, LDPE, PP, and 
PS. In addition, industrial waste plastics are also available in significant quantity, which is mainly 
virgin. These waste polyolefins can be a potential source of important petrochemicals with 
significant industrial importance. Till date, abundant studies are available on chemical recycling of 
waste polyolefins in one step thermal or in-situ catalytic reactors. In recent years, two-step processes 
have also been reported, involving a primary thermolysis step followed by a secondary catalytic 
upgradation step1. 
In this present study, some zeolites have been used for catalytic depolymerization of HDPE in a two-
step process. Some commercially available zeolites have been procured and dealuminated with mild 
acid treatment, which results in alteration of the Si/Al ratio leading to change in  Bronsted and Lewis 
acid sites as well as the catalytic activity of zeolites to a significant extent2. The effect of de-
alumination of the parent catalysts on the catalytic depolymerization of HDPE has been elucidated. 
The structural properties of the parent and de-aluminated catalysts have been studied by N2 

29 27
physisorption (BET & BJH), Si MAS and Al MAS solid-state NMR and AAS/ICP-MS analytical 
techniques and have been correlated with the liquid product characteristics.

References 
[1] Artetxe, M. et al., “Cracking of high density polyethylene pyrolysis waxes on HZSM-5 catalysts of 

different acidity”, I&ECR, (2013), 10637-45.
[2] Vieira, S S. et al., “Use of HZSM-5 modified with citric acid as acid heterogeneous catalystfor 

biodiesel production via esterification of oleic acid”, M&MM, (2015), 160-168.

rd3  National Symposium on Shaping the Energy Future:  Challenges & Opportunities (SEFCO-2019)

Poster
22



P-3

Agricultural Waste Valorization by Utilizing it as a Substrate for 
Production of Green Plastic Polymer PHA

1 1 1 2 3
Gireesh Kumar Shroti ,Preeti Tomer , Swati Mahapatra , , Om P Khatri ,

Debashish Ghosh3, Saugata Hazra1*
1
Department of Biotechnology&Center of Nanotechnology*, Indian Institute of Technology, 

Roorkee, Uttarakhand, India
2Department of Microbial Technology, Amity University, Noida, Uttar Pradesh, India 

3
CSIR-Indian Institute of Petroleum, Dehradun, Uttarakhand, India

*Email::saugata.iitk@gmail.com

Now a day’s non-biodegradable waste materials that are discarded on a daily basis becomes a major 
concern and have high potential to affect the environment as well as public health. Many groups are 
currently focusing on biodegradable polymers as an alternative to conventional plastic to solve this 
problem. Polyhydroxyalkanoate is one of the alternatives for this non-biodegradable synthetic 
plastic. PHA is naturally synthesized biodegradable polymer produced by the micro-organism 
intracellularly. PHA served as a carbon and energy reserved material for micro-organism to survive 
in stress condition. The biologically synthesized polymers are quite expensive in comparison of 
synthetic polymer hence the selection of carbon source for PHA production is a big challenge to 
control the cost of production. Utilization of agricultural and municipal waste for the production of 
PHA significantly reduce the cost of production. 
In this study, the organism HLI 13B isolated from the rhizosphere region used for the production of 
PHA. The organism was isolated using serial dilution and screened using lipid staining dye i.e. nile 
red and sudan black. Production of the polymer was optimized using standard MSM media and use 
glucose as well as xylose as a carbon source. The yield of the PHA polymer is 3.1 g/L at pH -9, 37oC 
and 2 % glucose as a carbon source. At the same parameter, PHA yield was 2.8 g/L by using xylose as 
a carbon source. This reveals that the biomass hydrolysate can be utilized as a carbon source for PHA 
production. Xylose optimization parameters are further used for the production of polymer using 
waste hydrolysate. The products were then structurally characterized by using NMR and FTIR 
which is clearly revealed the presence of PHA polymer. Further rheological studies were carried out 
using DTA, DSC, XRD, SEM, SPM etc. Mechanical properties characterized using Nano-
indentation testing shows the polymer to be flexible. Characterizing of this polymer is showing all 
the potential to be used as packaging material, in the pilot scale the cost of production has decreased 
significantly. 

Keywords: Polyhydroxyalkanoates (PHA), Nile Red, Sudan Black, HLI-13B, Biopolymer, 
rhizospheric region.
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Synthesis Characterization and Application of Edible Polymer from 
Agricultural Waste

1 2 2 1Pratiksha Singh , Viresh Thamke , Kisan Kodam , and Omprakash Yemul *
1 School of Chemical Sciences, Vishnupuri, Nanded Maharashtra (India).

2
 Department of Chemistry, Savitribai Phule Pune University Pune 411007, Maharashtra, India

* E-mail: omyemul@gmail.com

Environmental concerns and sustainability of resources have triggered the need for alternative 
solutions. Consequently, a renewed interest has been carried out to develop and apply edible films 
and coatings made from a variety of agricultural and/ or food industries wastes. These films have the 
potential to replace conventional packaging in some applications. In the present study, cross-linked 
polymers are obtained by pectin/ sodium alginate cross-linked with bio-based acids such as citric 
acid and tartaric acid respectively. Pectin used here is extracted from waste pineapple shell. The use 
of alginates as films in food applications has increased in recent years due to their swelling capacity 
and overall functionality. Overall, alginate-based films are a good candidate to obtain tailored made 
edible films for food applications. Glycerol was added as plasticizer and films were evaluated using 
different techniques, structure confirms by FTIR and 1H NMR and measures thermal properties by 
thermogram, surface morphology through SEM micrograph. Edible films and coating are used in 
many food industries. So, it is necessary to study some biological properties like Cytocompatibility, 
antimicrobial activity, etc. in order to these, we have studied some biological properties such as in 
vivo study on mice, Cytocompatibility, antimicrobial and they showed a good result.  For the future 
application, we have studied seed germination and biodegradation of crosslink films and they 
showed satisfactory results. 

Keywords: sodium alginate, pectin, citric acid, tartaric acid, edible film.

References 
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Synthesis, Characterization and Performance Evaluation of 
Dodecenyl succinimide based Novel Multifunctional Additive for 

Lubricant Application

Ekta Faujdar*,Himani Negi, Raj K. Singh, RehnumaSahleen, Sundram Sharma
ACRC, Analytical Science Division, CSIR-Indian Institute of Petroleum, P.O. Mohkampur, 

Dehradun-248 005, Uttarakhand, India

Developing new additives is a key concern in the lubricant industry because of escalated demand for 
lube oils and environmental issues with their disposal. Multifunctional additives (MFA) play a 
remarkable role in lubricating oil by increasing the life span of the engines or lubricating oil as well. 
Since 1920’s the use of additives in the field of lubricating oil increases tremendously. 
Commercially available MFA’s, like ZDDP (zinc dialkyldithiophosphate) have been using due to the 
wide application and substantial performance but due to the presence of toxic elements like Zn, S, 
and P, environmental concern is at stake. So we prepared novel multifunctional additive by coupling 
of dodecenyl succinic anhydride and N-phenyl-p-phenylenediamine. The successful formation of 
the additive was confirmed by various analytical techniques like Fourier transform infrared (FT-IR), 
Nuclear magnetic resonance (NMR) and thermogravimetric analysis (TGA). Performance of 
prepared additive was evaluated as antioxidant and detergent dispersant additive. The tribological 
properties were also checked along with pour-point depressant (PPD) and viscosity index improver 
(VII) in MAK-500 base oil (reference base oil) at different additive concentrations. Synthesized 
additive at 3000 ppm affects the anti-corrosive and antioxidant property of base oil to a high extent. 
At this concentration, the acid value difference reduces from 2.74 to 0.77 mg/g KOH. Anti-oxidant 
behavior was checked by DPPH method and compared with conventional anti-oxidants. Prepared 
additive shows the excellent antioxidant property at 2000 ppm too but PPD and VII character was 
moderately affected at testedconcentrations.
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Preparation and Characterization of Polyimide/MWCNTs 
Nanocomposite Films.
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Email- priyankanirmaan@gmail.com; rsmalik.chem@dcrustm.org

Polyimides (PI) are considered as high-performance materials because of their superior mechanical 
properties, excellent thermal stability, high glass transition temperature, and good resistance to 
solvents. In this study Polyimide prepared from 4,4-(4,4 Isopropylidenediphenoxy)bis(phthalic 
anhydride) (BPADA) and 1,3-Phenylenediamine (m-PDA)  in DMAc solvent under nitrogen 
atmosphere followed by thermal imidization at 100 0C, 150 0C, 200 0C, and 250 0C, respectively. 
Mechanical properties, electrical properties and thermal stability of polyimide can be improved by 
the addition of MWCNTs. Polyimide/MWCNTs nanocomposites with different weight percentage 
(1%, 2%, 3%, 4%, and 5%) of MWCNTs were prepared. To study the structure of the 
polyimide/MWNTs nanocomposites, X-ray diffraction measurements and Fourier-transform 
infrared spectroscopy (FTIR) were carried out which confirmed the interaction of polyimide with 
MWCNTs. And thermal stability of polyimide/MWCNTs nanocomposites was determined by 
Thermal gravimetric analysis (TGA).
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Assessing Wettability Alteration Potential of Galactomannan 
Polymer for Development of Biochemical Enhanced Oil Recovery 

(BcEOR) Technology

1 2 1Akhil Agrawal* , Shikha Jain , and Sandeep Rellagadla
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Ajmer, Rajasthan, India 305817
2
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*Email:akhilagrawal@curaj.ac.in

At present, the discovery of new oil reserves are decreasing and the recovery of crude from marginal 
wells is becoming increasingly important. Hence, new materials are needed for the extraction of 
crude from these challenging reservoirs and harsh environments. Many Chemical Enhanced Oil 
Recovery (CEOR) methods, in particular, polymer flooding, offers a solution to such limitations and 
has become critical and much effective technique for EOR. There are a number of polymers and 
copolymers that have been developed and used in field studies but are sensitive to changes in the 
reservoir environment. Therefore in the present study changes in intrinsic viscosity [? ] of different 
polymer solutions and the potential of using natural polymers for altering the wettability of reservoir 
rocks were evaluated under reservoir conditions. The [? ] values of all the samples, except for 
Galactomannan polymer (~21 gm/dl at 65 C) showed a significant decrease in their viscosity 
characteristics under reservoir conditions. There were very low changes observed in its molecular 
weight compared to other naturally derived polymers and EOR polymers. Contact angle 
measurements were also performed on oil wet reservoir rocks (XRD peaksshowed calcite and quartz 
SiO2 sandstone) treated with different polymers. The change in the contact angle was maximally 
noted in the case of Galactomannan polymer, which was found to be 81º near to that of Triton-X-100 
surfactant (79º) taken as control. Qualitative wettability studies (floatation based and two-phase 
separation tests) had shown the tendency of Galactomannan polymer solutions to alter the 
wettability of oil-wet surfaces towards water wet. FTIR of the oil wet powdered rock samples treated 
with polymer solutions were performed and the absorption spectra revealed reduction in peaks of 
methyl and methylene indicating altering wettability. This change indicates a stable nature of 
Galactomannan polymer, making it a more suitable biopolymer to be used as EORpolymer.
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A Novel Nickel Nanoparticle Assisted Polymer Flooding Approach 
towards Residual Oil Recovery from Marginal Oil Wells
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Polymers are used for many decades for increasing the efficiency of water-flooding. The addition of 
polymer to injection fluid increases the crude oil recovery by improving sweep efficiency. Although 
it is the most widely used method there are high risks of chemical degradation and low permeability. 
Thus, there is a need to develop new materials which can be stable at reservoir conditions. In the past 
decade, nanoparticles have gained wide application in different areas. Being smaller than the size of 
pore throats in the reservoir rocks, these can move through the rocks and mobilize residual oil. 
Therefore, in the current study, a novel nanoparticle assisted polymer flooding approach was carried 
out to tap the potential of nanoparticles alongside drawing benefits from polymer flooding. Initially, 
we had evaluated the changes occurring in the intrinsic viscosity (?) of xanthan when the nickel 
nanoparticles are added to the dispersing medium. We had found, xanthan in nanoparticles 
containing medium had higher ? of 55.25 dl/gm compared to 49.13 dl/gm for the sole gum solution. 
This suggested higher stability of the polymer nanoparticle blend in high salinity medium. Later the 
efficiency of nanoparticle assisted polymer flooding was evaluated in sand packed bioreactors with 
~0.6 PV of residual oil in place. Flooding results demonstrated the highest recovery of 5.98% of 
additional ROIP with xanthan-nickel nanoparticle mixture compared to 4.48 and 4.58%ROIP 
during separate flooding of xanthan and nanoparticles respectively. Results suggest how this novel 
approach is able to increase oil recovery beyond available methods.   

Figure 1: Schematics of novel nanoparticle associated polymer flooding
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Nitrate Ion Incorporated Stable Perovskite Nanocrystals by Solvent-
Free Mechanochemical Reaction

1 1 2Gaurav Kumar Nim , Parul Bansal , and Prasenjit Kar*

1 2
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We have synthesized a new class of organolead halide perovskite nanocrystals by solvent-free 
mechano-chemical green approach. We have developed a new combination of precursor 
incorporating nitrate ion into the MAPbBr  perovskite core. While the presence of nitrate ion is 3

evidenced by the FT-IR spectra, XRD data shows the formation of perovskite nanocrystals. By 
altering the precursor composition, morphology of the nanocrystals changes. Photoluminescence 
properties of these nanocrystals are preserved.  Moreover, the stability of these nanocrystals is 
monitored for a long time, which shows that the incorporation of nitrate ion into perovskite 
nanocrystals core does not have any decremental effect on its stability. Nonetheless, this strategy to 
synthesize perovskite nanocrystals reduces the solvent toxicity. 
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[1] Kojima, A.; Teshima, K.; Shirai Y.; Miyasaka,T.Organometal Halide Perovskites as Visible-Light 

Sensitizers for Photovoltaic Cells.J. Am. Chem. Soc. 2009, 131, 6050-6051. 
[2] Protesescu, L.; Yakunin, S.; Bodnarchuk, M. I.; Krieg, F.; Caputo, R.; Hendon, C. H.; Yang, R. X.; Walsh, 

A.; Kovalenko,M. V. Nanocrystals of Cesium Lead Halide Perovskites (CsPbX3, X = Cl, Br, and I): 
Novel Optoelectronic Materials Showing Bright Emission with Wide Color Gamut.Nano Lett. 2015, 15, 
3692-3696.

[3] Stranks, S. D.; Snaith, H. J. Metal-halide perovskites for photovoltaic and light-emitting devices. Nat 
Nanotechnol. 2015, 10, 

Figure: Schematic representation of synthesized perovskite nanocrystals

rd3  National Symposium on Shaping the Energy Future:  Challenges & Opportunities (SEFCO-2019)

29



Theme 2

Waste Carbon Utilization



O-3

Opportunities and Challenges in Using Microalgae for Integrated 
Bio-Refinery
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Microalgae are considered as frontrunners of renewable feedstock for biofuels, bioproducts and an 
eco-friendly solution for CO fixation. The biological method of CO sequestration using algae is a 2 2 

unique green technology and gaining growing attention for CO mitigation. The microalgae-based 2 

biorefinery concept is similar to petroleum refinery where the algal biomass is converted into 
biofuels, food, feed, and other high-value products. An integrated biorefinery houses algae 
cultivation, biomass harvesting, and conversion into fuel and other desired products. Microalgae as 
feedstock provide the opportunity of utilizing non-arable land and saline and wastewater for 
cultivation, thereby minimizing the requirement of natural resources such as fresh water and 
agricultural lands. Microalgae not only creates an opportunity for growth in any kind of water and 
lands but also can be mass produced in a shorter time compared to plants. The CO  fixation 2

efficiency of algae is higher than the terrestrial plants and have a higher growth rate. Many algae 
strains are found to grow even in higher CO concentration making it ideal for CO sequestration. 2 2 

One of the major challenges in algae cultivation is biological contaminants. Cultivation of 
microalgae is a complicated system where abiotic and biotic factors influence algal productivity. 
Parasitic infection or biological contamination could cause sudden and massive culture crash. An 
optimal integrated microalgal biorefinery at industrial scale needs a focus on co-integration and co-
optimization of different operation units and adopting efficient crop protection strategies to achieve 
target biomass and products. This approach will ultimately lead to a sustainable bio-based economy 
for resource generation and CO management.2  
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Developing Sustainable Biorefineries by The Valorization of 
Lignocellulosic Agro-wastes via One-pot Bioprocesses
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Currently, 90% of the chemicals and 80% of energy demands are met by fossil fuels and the demand 
is on a continuous increase. The plentiful biomass has tremendous potential to combat the energy 
crisis and provide a sustainable source of fuels and bio-based chemicals. The processing 
technologies for conversion of biomass into a multitude of high-value products come under the 
domain of biorefineries. The lignocellulosic agro-waste biomass is the most promising feedstock to 
reduce fossil fuel dependence, greenhouse gas emissions and contribute to the development of 
circular bio-economy via sustainable biorefineries. However, the structural complexity of cellulose, 
hemicellulose, and lignin intertwined together in biomass makes their valorization a challenging 
process.
The lignocellulosic agro-waste utilization involves three inter-dependent and essential steps namely 
(i) pretreatment (ii) saccharification (iii) fermentation. These three steps are carried out 
independently due to the instability of cellulase (step ii) and fermentative microorganisms  (step iii) 
in the residual ionic liquid (IL) used for pretreatment of biomass (step i). The biorefinery processes 
can be viable if cellulases and fermentative microbes are stable to ILs. 
The present work deals with the development of bioprocesses to overcome the above constraints and 
carry out efficient lactic acid (C3 platform chemical) production by using abundant agro-wastes 
(sugarcane bagasse, wheat straw, and cottonseed cake). The study entails: (i) development of 
cellulase-nanoconjugates with enhanced IL stability for in situ lignocellulose saccharification (ii) 
elucidating the structural changes in agro-wastes after IL pretreatment (iii) investigating IL 
tolerance of Lactobacillus brevis by viability, SEM and proteomic studies(iv)exploiting stability of 
L. brevis for one-pot production of lactic acid from agro-wastes.
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Synthesis, Characterization and Antifungal Activity of Metals 
Complexes having tetrahydro-1,2,4-triazine based Ligands
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In present work we have reported the synthesis of some novel metal complexes containing 4- [1E- 
(1H- benzimidazol-2-yl) phenylmethylidineimino)- 6- aryl-5-oxo-3-thioxo 2,3,4,5- tetrahydro- 
1,2,4- triazine (BpartrH) ligands. Synthetic utility was further supported by synthesizing complexes 
with metals ML2 (M= MnII, CoII, NiII, CuII and ZnII). All the synthesized complexes were 
characterized by IR and UV spectra and further supported by elemental analysis. All the synthesized 
complexes were also evaluated for their antifungal potential and few of prepared complexes 
exhibited potent antifungal activity. Synthesized complexes were also utilized for magnetic 
susceptibility measurements and values are reported in tabular form in present article.

Scheme: Synthesis of tetrahydro triazine derivative.
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Screening of Microalgal forms from Garhwal Himalayas for 
Biomass and Lipid Production

Preeti Singh*, Dhananjay Kumar
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Microalgae have been recognized as a potential source of biofuel feedstock. Despite thousands of 
known microalgal species, only a few have been investigated repeatedly for their potential to 
produce biofuel( Liu et al., 2011; Mallick et al., 2012). There are several regions, particularly in the 
Himalayas, which are meagrely investigated for their microalgal diversity. However, such regions 
have a tremendous possibility to encompass the new algal species and strains comprising a fast 
growth rate and high lipid content. Thus, extensive work on isolation and screening of microalgal 
strains from such unexplored regions is still a task of utmost significance. Prompted by this fact, the 
present study was aimed at isolation and screening of algal forms from water streams, including 
thermal and sulphur springs, of Garhwal Himalayas. A total of 60 algal strains collected from the 
various places of Garhwal were isolated and cultured in the laboratory. During this study, a unique 
algal strain that shared some features with Chlorella, but differs comprising certain unusual 
morphological and morphometric features, was identified and screened for the lipid productivity. 
The specific growth rate and lipid content of this new algal form was found comparable with several 
earlier reported algal forms like Chlorella, Scenedesmus, and Oocystis. An increase in the lipid 
accumulation by this algal form was noticed as the culture initially grown under normal conditions 
followed by 2-day starvation of either of sulphur, nitrogen, phosphorus or light. An increase in lipid 
accumulation was also recorded when stationary phase culture was incubated at 50°C for 24 h. Since 
the algal form under the study could be a new algal species and might be verified as a potential 
candidate for biofuel feedstock production in the study area, the work is in progress to characterize 
this algal form at the molecular level.
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Bioprospecting of Microbes for 1,3 PDO Production
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The aim of the present study was bioprospecting of a novel microbe from soil with an ability to 
ferment glycerol to 1, 3 Propanediol (1,3 PDO). 1,3 PDO has tremendous industrial importance 
being a platform chemical for polymer synthesis and with an estimated market value of $621.2 
million by the year 2021 [1]. Two potential sites were selected for soil collection within CSIR-IIP 
campus, Dehradun. Selective enrichment of soil isolates was done on glycerol-based medium and 
metabolites were detected via HPLC analysis. Fermentation broth gave positive confirmation for the 
presence of 1,3 PDO in case of both the site (Site 1: 15.2% efficiency; Site 2: 8.9% efficiency). Using 
the serial dilution technique, four bacterial isolates were purified and tested on differential media. 
Biochemical analysis, morphological features and microscopic observation confirmed that all the 
isolates were distinctly different from each other. When individual isolates were tested for 1,3 PDO 
production using glycerol as a sole source of carbon, anaerobic conditions were preferable. Out of 
the four isolates only Isolate 1 and Isolate 3 produced 1, 3 PDO at a fermentation efficiency of 5.5 
and 59%. The primary reason for the high efficiency exhibited by Isolate 3 was the production of 
only two metabolites namely 1,3 PDO and acetic acid. However, Isolate 1 produced multiple 
products like 1,3 PDO, ethanol, lactic acid and acetic acid. 16S rDNA Ribotyping studies revealed 
that Isolate 3 shared 99% homology with Citrobacter sp. and hence designated as Citrobacter 
freundii IIP DR3.    
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rich saccharified broth for direct bioethanol production
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The aim of the present study was to assess the potential of surfactant aided recycled Cellic CTec2 for 
efficient reuse during enzymatic saccharification of acid pretreated sugarcane bagasse. In an 
integrated lignocellulosic biorefinery, one of the most important bottlenecks is the cost of “cellulase 
enzyme”, an inevitable ingredient required for production of fermentable sugars principally 
glucose1. In this study, recycling was mediated by using PEG 6000 at a concentration of 0.2g/g acid 
insoluble lignin. When saccharification trial was performed with 25g (dry wt. basis) acid pretreated 
sugarcane bagasse and Cellic CTec2 loading of 25mg protein /g cellulose content, 76.24± 2.18% 
saccharification efficiency was achieved with a protein recovery of 58.4 ± 1.09% within 16h 
ofincubation.
50KDa centrifugal filter could recover almost 88% protein in the retentate and fractionate 80% 
glucose in the permeate. When saccharification trials were conducted with the retained enzyme, it 
yielded 67.09% glucose from acid pretreated sugarcane bagasse. This experiment confirmed that the 
recycled enzyme was highly effective for production of fermentable sugars with loss of less than 
15%. When the glucose rich permeates obtained after first and second round of saccharification, 
where subjected to ethanol fermentation using Saccharomyces cerevisiae MTCC 180, ethanol yield 
were 0.86g/g glucose and 0.84g/g glucose for Permeate 1 and Permeate 2 respectively.
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Laccase a Multipurpose Biocatalyst; Mechanism and Application 
for Delignification
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The sustainable production of energy and chemical commodities through the green route is a 
promising alternative to the existing processes relying on fossil fuels and crude oil. In this regard, 
biocatalysis carried out by microbial enzymes offer tremendous potential due to high specificity and 
catalytic efficiency, few byproducts and non- toxicity. Laccases are one such biocatalyst, belonging 
to polyphenol oxidases that contain the multi-copper catalytic site and utilizes molecular oxygen as 
co-substrate for the oxidation of various aromatic and non-aromatic compounds under mild 
conditions of temperature, pH and pressure. Laccases perform a broad range of applications in 
different industrial sectors like paper and pulp, food, textile, fuel and wastewater treatment. In the 
present study, the focus is to establish the proof of concept for delignification of jute stick using an 
eco-friendly method by in-house developed Trametes maxima IIPLC-32 laccases. This work 
demonstrates the ability of our strain to remove lignin 4±1.5 % from jute stick residues, improving 
the subsequent saccharification up to 10±2 %. The result indicates that the in-house developed 
laccase can be used for the multiple applications including delignification of other biomass.
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Crude glycerol obtained as a by-product in the Biodiesel production industry/ refineries, in large 
amounts can pose a threat to the environment. The conversion of crude glycerol by using an 
oleaginous yeast Rhodotorula mucilaginosa, RMIIPL32 (isolated from the oil sheds of CSIR-IIP, 
Dehradun India) through biological routes to some value-added chemicals can help subsidize the 
manufacturing cost as well as protect the environment. RMIIPL32 is found to be producing good 
amount of mono unsaturated fatty acids during production of single cell oil, when cultivated in crude 
glycerol. Additionally, Fatty acid desaturase (FADS) are a class of membrane bound enzymes 
present ubiquitously in all living organisms which perform oxidative desaturation by introducing a 
double bond character in the fatty acid chain in a stereoselective mode. Delta 9 desaturase (D-9-D) is 
a noteworthy enzyme present in RMIIPL32 belonging to the same class which introduces a double 
bond specifically between C9and C10 position of a long chain saturated fatty acids (most preferably 
Palmitate & Stearate). In light of lack of information about the complete amino acid sequence and 
three-dimensional structure of D-9-D enzyme of RMIIPL32, in this study, various in-silico 
approaches were undertaken in order to determine the physico-chemical properties of D-9-D present 
in RMIIPL32. Homology modelling and docking was also performed using Autodock Tool (version 
1.5.6). Asn98, Gly173, Trp177, Arg180, Gly219, Val220, Pro214 was found to be major active sites 
interacting specifically with Stearoyl CoA and Palmitoyl CoA. Parallel studies for analysing 
conservation amongst several yeast species was done using MEGA 7 & Con Surf. Major interacting 
residues was found to be conserved with some residues showing interactions with metal ion, 
regulating the catalytic activity of enzyme. The information obtained can be used to perform site 
directed mutagenesis or domain swapping in D-9-D present in RMIIPL32 for effective utilization of 
carbon source for qualitative lipid production through a biological route.
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Chemical recycling of post-consumer PET has been the topic of extensive research. One of the 
chemical recycling process of PET is glycolysis. Many researchers have laid emphasis on the 
kinetics of glycolysis reaction using different metal salts. It was found out that zinc acetate is the best 
catalyst for this reaction. They extended their work to study the effects of stirring rate, particle size 
and reaction time. At 196 °C PET pellets will dissolve in ethylene glycol and at equilibrium 
conditions only BHET and oligomers will be present in the reaction mixture. From the literature 
available, a mathematical model was developed based on the possibility that ethylene glycol attacks 
PET at different sites. Chen et al. [1] illustrated glycolysis mechanism with the help of shrinking core 
model. Considering, rate controlling step is chemical reaction. The effects of reaction parameters i.e. 
catalyst concentration, particle size and concentration of PET were investigated.
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In the present work, CajanusCajan are characterized using proximate analysis, ultimate analysis, 
calorific value, FTIR, TGA, DTG, DSC, ICP-AES and bio-molecular analysis in order to investigate 
the candidacy for pyrolysis application. Further, the sample was subjected to the thermal 
decomposition to know about pyrolysis behavior. Pyrolysis experiment was performed at four 
different heating rates (5, 10, 30oC/min) using simultaneous thermogravimetric-differential 
scanning, calorimetric analyzer, under a nitrogen atmosphere. The kinetic analyses were carried out 
using isoconversional kinetic models of Kissinger-Akahira-Sunose (KAS) and Starink. 
Subsequently, thermodynamic parameters (change of enthalpy, change of Gibbs fee energy and 
change of entropy) were calculated using both KAS and staring method. The reaction mechanism of 
pyrolysis was predicted using Criado method.
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Wastewater along with different types of solid waste and sludge are generated at different steps of 
paper production [1]. The colour is usually the first contaminant to be recognized in effluents that 
affects the aesthetics, water transparency and gas solubility of water bodies [2] and derivatives of 
lignins are the major contributors of color in paper mill effluent [3]. In the current study, potential 
lignolytic strains were isolated and assessed for their ability to reduce the amount of lignin 
contaminants in the effluent. Three potential isolated bacterial strains RAN 01: Bacillus 
megaterium; RAN 02: Bacillus pumilus; and RAN 08: Bacillus stratosphericus were able to reduce 
lignin by 35%, 20%, and 24% in a continuous shake culture within 48 hours of treatment.
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Energy Efficient Greener Functional Fluid Materials from 
Renewable Resources
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The evolution of eco-friendly lubricants derived from natural oils and fats to a new class of greener 
functional fluid materials. The attraction to these bio-based lubricants began with seed oils due to 
their excellent biodegradability and tribological properties. The superior tribological characteristics 
of cottonseed oil are an outcome of its chemical composition of triacylglycerol molecules made up 
of esters. The long chains of polar fatty acids, the presence of cyclopropane ring and tocopherols as 
natural antioxidants within the oil provides a longer shelf life. The cottonseed oil was blended with 
synthetic polyol ester to investigate the tribo performance behaviour using high temperature four 
ball tribo test machine at 75?  and a pneumatic load of 3600N. The results indicate that the 
cottonseed oil and synthetic polyol ester form a compatible blend and showed significant 
enhancement of performance properties. Further Biofuel has synthesized by using refined 
cottonseed oil and alcohol in the presence of alkali catalyst. The products have been analyzed by FT-
IR and GC-MS to find out the various functional groups and compounds present in it. Then the 
products were characterized for its physicochemical properties such as calorific value, cloud point, 
flash point, pour point, viscosity, density, and specific gravity to determine the quality of biodiesel 
produced through ASTM standards. Thus the produced biodiesel can be converted into greener 
functional fluid materials.
By preliminary studies carried out, the cottonseed oil was found to have excellent potential for use as 
a valuable alternative biofuel, as well as base oil for the synthesis of biodegradable lubricants for 
microelectromechanical systems. Lubricants derived from seed oil feedstock represent a promising 
potential solution to many of the problems associated with previous eco-friendly lubricants.
Keywords:  Renewable resources, seed oil, synthesis, transesterification, greener materials, MEMS 
lubricants
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The conventional fuelus age has been increased tremendously since last few decades and is a 
greatconcern to the future world economy. The alternative fuel i.e. biodiesel is potential candidate 
for creating sustainable economy.Various feedstocks have been already screened likenon-
edibleoils,animal fat etc. for biodiesel production but owing to low availabilities approach isnot 
much promising. Keeping the fact in mind,used cooking oil (UCO) can be considered as pivotal 
feedstock for biodiesel production.
Used cooking oil maybe considered as wasteproduct from house societies, armycanteens (including 
Indian Navy and Air force), hotels and Restaurants etc. Moreover, it has no geographical constraints 
as incase of non-edible oils like Jatropha, Karanja and Mahua etc. Further, the biofuel generated 
from UCOmay be used also in high power sources like genset, power engines and agriculture related 
equipments etc. for the upliftment of rural economy.
It is estimated that 4.5MMT of UCO may be available for biofuel application in India.Major non-
volatile by-products of frying areTotal Polar Compounds (TPC) such as Dimeric fatty acids, 
Triglyceride monohydroperoxides, Polymerized triglycerides (PTG), cyclic fatty acid monomers, 
aldehydic triglycerides and production of such carcinogenic compounds cause diseases like 
hypertension, atherosclerosis, Alzheimer’s disease etc.
This present work gives the details about collection initiative, distribution, awareness of used 
cookingoil and biodiesel production from used cooking oil.

Keywords: Biodiesel, Used cooking oil, NOx.       
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Nature has enriched us with different resources; among them one is seaweeds which serve as a 
promising feedstock for the derivation of fuels and chemicals. Marine macroalgae constitute unique 
biochemical compounds like complex polysaccharides, proteins, lipids, and minerals. The complex 
polysaccharides (agar, carrageenan, alginate, fucoidan, ulvan, cellulose, and laminarin) and sugar 
alcohols (sorbitol, xylitol, mannitol) are industrially important. These can be derived into simpler 
compounds which can be utilized for production of fuels and other chemicals [1-3]. Having such 
potentials, seaweeds and their potential are yet less explored. India is a tropical country having a vast 
coastline of about 7500 km. with a rich diversity of seaweeds comparising approximately 271 
genera and 1153 species at intertidal and deep-sea zones [4]. In our study we explored the potential 
feed stocks from Gujarat seacoast based on abundant availability and suitable compositional 
analysis. Seaweeds of different divisions (Chlorophyta, Phaeophyta, and Rhodophyta) were 
collected and biochemically analyzed for sugar quantification thorugh HPLC. Among all the 
collected species Caulerpa spp. and Sargassum spp. shows the highest amount of the sugar 
particularly in Caulerpa scalpelliformisandCaulerpaveravelensis. Furthermore Caulerpa spp. were 
also reported for their high antioxidant and flavonoids property [5]. Hence, it can be inferred that 
Caulerpa spp. has potentials of industrial exploitation through biorefinery approach.
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and Lubricants
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The need for alternatives to fossil fuel is demand for today especially to countries like India with 
vibrant economies. Consumption of fossil fuels is increasing which relates the import for the same. 
Bio-fuels are renewable liquid fuels which can be synthesized from bio-materials and are a good 
alternate for fuel in the energy sector.
India has a wide potential species, with >100 tree borne oil seeds species. These oil tree species can 
be farmed on non-agricultural lands and hence does not compete for food versus fuel. There are so 
many important TBOs used in India are Jatropha (Jatropha curcas), Karanja (Pongamiapinnata), 
Neem (Azadirachtaindica), Pilu (Salvadoraoleoides), Mahua (Madhucaindica), Kusum 
(Schleichera), Thumba (Citrullus colocynanthis), Bhikal (Prinsepiautilis), Jojoba 
(Simmondsiachinensis), Undi (Calophylluminophyllum) and Sal (Shorearobusta). The oil contents 
have been found between 21 to 45 % in all the above species. These species have so many uses like 
household as well as industrial uses such as cosmetic, agriculture, pharmaceutical, diesel and it's 
alternative, etc. So many TBOs are abundantly found in the forest as well as non-forest areas, thus 
proper supply chain is available, but the need for awareness arises for their proper uses.
Some of the unidentified potential trees borne oil seeds have been studied for their sustainability as a 
feedstock. The oil content has been determined as 18-45 % with an acid value <1 -17. Thus these 
seeds may be a good source for fuel and lubricant. The study has been explored further.

Keywords: Tree-borne oil seeds (TBOs), Sustainable, Feedstock, Fuels, Lubricants
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Deep Eutectic Solvents for CO  Capture2
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Anthropogenic carbon dioxide emission into the atmosphere is responsible for global warming, 
therefore, it is essential to reduce their emission at the source. Recently, Deep Eutectic Solvents 
(DESs) having negligible vapor pressure have shown great potential to absorb CO . In the current 2

study,various amine and glycol-based deep eutectic solvents were synthesized and investigated for 
CO  absorption. Pressure drop method was employed for measuring the CO  solubility. The results 2 2

showed that amine based DESs have more CO  uptake compared to glycol-based DESs. Thermo-2

physical properties of all synthesized DES were estimated using modified Lydersen- Joback- Reid 
method and Lee-Kesler mixing rule. Further, CO  capture process modeling and simulation was 2

done on Aspen simulator.

Keywords: Advance separation process; CO  capture; Absorption; Deep Eutectic Solvents; Kinetic 2

Modeling. 
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Combustion of fossil fuels and many industrial processes emit carbon dioxide (CO ). Increasing 2

concentration of CO  in the atmosphere has been considered as most powerful cause of global 2

warming. Electrochemical reduction of CO  (ECR), an artificial way of carbon recycling, could 2

solve this problem by converting CO  into useful chemical products. 2

Copper is a unique electrocatalyst used for ECR to products generated beyond carbon monoxide due 
to higher binding energies [1]. This will combine adsorbed *CO to form multicarbon products such 
as ethylene, ethane, ethanol, etc. with decent faradaic efficiencies [2, 3]. 
Here we report synthesis and characterization of copper nanoparticles for ECR application. The 
morphology, composition, crystal structure and surface area of the as-prepared material were 
characterized using scanning electron microscopy, X-ray diffraction, and X-ray photoelectron 
spectroscopy. Also, prepared nanoparticles were tested as the catalysts for ECR using cyclic 
voltammetry and linear sweep voltammetry in CO  and N -saturated NaHCO  aqueous electrolyte. 2 2 3

Different scans of cyclic voltammetry of CO  saturated NaHCO  solution shows only a slight 2 3

difference in electrochemical response which points towards the good stability of electrocatalyst. 
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The increasing utilisation and depletion of non-renewable resources is the major concern of the 
present world which needs an alternative and efficient way to overcome the problems of energy 

1
supply.  In this context, lignocellulosic biomass, naturally abundant low-cost carbon-rich materials, 

2
has received tremendous attention to replace non-renewable fossil fuels.  Catalytic transformations 
of biomass derived compounds have been explored  with  nanoparticles based heterogeneous and 
metal complexes based homogeneous catalysts. In this regards, herein, we illustrated an efficient 
room temperature selective hydrogenation of furan based long chain aldol compounds over 
supported NiPd/SiO , NiPd/RHA and NiPd/Z4A catalysts in water. A wide range of furan based 2

compounds were conveniently hydrogenated to the corresponding saturated ketones by selective 
hydrogenation of C=C bond over C=O bond.
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Semiconductor photocatalyst have been attracting attention for uses such as purification of waste 
water and production of hydrogen. Hydrogen evolution from water i.e., water to hydrogen 
conversion in the presence of solar energy is one of the most favourable method for getting a 
pollution free also renewable fuel and this is a great challenge for the environment sustainability (1). 
However, there is a possibility for improvement in the currently reported photo-catalysts like 
enhancement of light absorption range, reduction of photo-corrosion, low cost and high efficiency 
and stability (2). Some approaches were made to increase the stability and performance of these 
catalysts includes making composite with other semiconducting material or application of 
passivation layer to increase the life-time of exciton. We have previously reported MoS2 composite 
with Mo2N to overcome the problem associated with a bare catalyst (3). This work reports MoS2 
composite with other semiconducting material as well as with reduced graphene oxide (rGO) would 
be better for photo-electrochemical activity and stability. The synthesis, characterization and photo-
electro catalytic evaluation of these materials will be presented.
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The zeolite-based catalysts have a wide range of applications in petroleum science. The success in 
synthesis, modifications, and applications of a catalyst with remarkably high activity in specific 
cases would not have been possible without detailed knowledge of structural characteristics of these 
materials, particularly insights by powerful analytical techniques. High-resolution solid-state NMR 
has emerged as a powerful technique for characterization of zeolite catalysts providing short-range 
crystallographic ordering of the active sites and their transformation due to process change [1,2]. 
In this paper, the zeolite catalyst with the different silica-alumina ratio is procured and de-
aluminated under different conditions. Solid NMR experiments are carried out on a BRUKER 

29
500MHz spectrometer equipped with 4mm MAS probe head. Si MAS NMR provides information 

27about short range local ordering of various SiO(nAl) sites while Al MAS NMR provides 
information about tetrahedral and octahedral aluminium sites. As the four coordinated and six-fold 
coordinated alumina representing active sites of catalysts plays a vital role in its evaluation, the 
structural evolution during dealumination and its effect on cracking are of considerable interest to 
us. The dealumination procedure is evidenced from Al MAS NMR where framework Si/Al ratios are 

 29
obtained from Si MAS NMR and correlated to catalytic activities for HDPE cracking.
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Invention of plastic was considered one of the revolutions in the process of urbanization. Plastics 
have all possible use, economical and require much less vigor to produce than other alternative 
materials. However with all such advantages, depletion of non-renewable petroleum plastics in large 
quantities causing serious problems, it results in increase the large production of plastic consumer 
articles. Their ubiquitous persistence in the environment has upraised worries about their end-of-life 
disposal. One of the alternative approaches is to develop plastics which could be biodegradable. Our 
research is focused on developing such biodegradable plastics. To further reduce the cost of the 
production of Polyhydroxyalkanoates (PHAs) using corn cob as a waste. 
To utilize corn cob waste, we have screened microorganisms which were isolated from different 
sites. One such isolate showing extremely bright yellow fluorescence, such biodegradable plastics 
approaches are taken to utilize renewable resources. In the present study, our goal is to utilize waste 
for the isolation and screening of on irradiation with UV light after Nile red staining was used in 
current study. The isolate (R1) showed best PHA production under optimized condition (pH-8, 
Xylose concentration- 2% at 37oC temperature) with biomass ~20? g/L. Extracted PHA was further 
characterized using various characterization techniques like, NMR (1H &13C -NMR), FTIR, SEM, 
XRD, DTA, GPC etc. Analysis of those techniques confirmed the polymer as PHB-co-PHV 
(Polyhydroxybutrate-co-valerate). Under Differential Thermal Analysis (DTA) the temperature was 
ramped at a melting rate of 168.5?  under nitrogen environment to a temperature 288°C well above 
the degradation temperature of the polymers. Our study would very well optimize the large scale 
production of such polymer so that it could have been used in packaging related industries.
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Nowadays there are serious regulations to eliminate sulfur from fuels because the SOx created 
through the combustion of fuel containing sulfur compounds which causes air pollution and have 
hazardous environmental influence. Amongst numerous extractants, ionic liquids (ILs) are capable 
enough to extract sulfur due to their desirable green properties. This work demonstrated that trihexyl 
(tetradecyl) phosphonium bis (trifluoromethylsulfonyl) amide (CyphosIL-109) was presented as 
promising extractant for EDS of dibenzothiophene (DBT), thiophene, benzothiophene, and other 
alkyl substituted derivatives of sulfur from liquid fuel. The FTIR, NMR, UV, Raman, and TG/DSC 
spectra have been discussed for the molecular purity confirmations and thermal stability. Further, 
physical properties of CyphosIL-109 were carried out. Effects of time, temperature, sulfur 
compounds, ultra-sonication, and recycling/regeneration on DBT removal from fuel were also 
examined. In EDS, the DBT removal in n-dodecane was 83.1% with mass ratio (1:1) in 30 min at 30 
ºC. CyphosIL-109 might be reclaimed six cycles without a substantial S-reduction. Also, S-removal 
from real fuel and multistage extraction performance was tested. The experimental data and results 
provided in this article discover the remarkable understandings of phosphonium ionic liquids as 
promising solvent for EDS.

Keywords: Phosphonium, Ionic liquids, Ultrasound, Fuel, Sulfur, Extraction.
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In the oilfield systems, the large amount of water was injected for the production of crude oil. This 
water is obtained from underground geological formation and contains 5 mM approximately. In 
oilfield system the water souring is occur from sulfate- reducing bacteria (SRB) and dissimilatory 
reducing bacteria (DSRB), a different group of anaerobic microbes. In this study, we identify the 
novel lead (small molecule/ peptide) against the dissimilatory reducing bacteria i.e. Tepidiphilus 
thermophiles, Pseudomonas stutzeriandThauera aromatic. For the further study, we identify the 
crystal structure of Tepidiphilus thermophiles, Pseudomonas stutzeriwhich is not available in 
protein data bank (PDB). The key step of the proposed idea is to retrieve full-length sequence (target 
sequence) of Tepidiphilus thermophiles, Pseudomonas stutzerifrom NCBI and to cross-check with 
UniProt and literature. The target sequence will be subjected to molecular modeling where 
secondary structures will be predicating using DSSP and DALI servers. To obtain 3D structure, 
homology modeling or threading methods will be used and the modeled structure will be optimized 
and minimized via Schrödinger software and validated through ERRAT program and RAMAPAGE 
server. The minimized structures will be used for further investigations. A total of 10 nanosecond 
molecular dynamics (MD) simulations will be performed and checked the stability of the modeled 
protein. The least minimized confirmation of the modeled structure will be extracted and will be 
used for molecular docking studies. Small molecules are the best known inhibitors of the enzymes. 
In this study, we will be using freely available chemical libraries like ZINC, DrugBank, NCI, 
NPCAT, SuperDrug etc., and will perform high-throughput virtual screening against the target 
protein. In addition, another approach of inhibiting enzyme using peptide blocker will be used. We 
will be designing novel peptide which can act as an inhibitor against nitrate reductase based on the 
surface residues of the target protein using PepComposer and Peptiderive server. The designed 
peptides will be docked with the target protein using FlexPepDock, GalaxyPepDock etc. Best 
confirmation (least binding energy and interactions) will be taken for further investigations like MD 
simulations, binding free energy calculations etc. Based on promising in silico result, the selected 
peptide will be synthesized and tested experimentally. The selected peptide will be cloned in 
bacterial or mammalian vector having secretory peptide for secretion of peptide outside the cell. For 
example gene of the peptide will be cloned in pSECTag2 vector or SnapFusion vector. Further, the 
gene of the enzyme nitrate reductase will be amplified using specific primers and will be cloned in 
pET 28avector.
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Souring, the increase of sulfide concentration in production fluid by sulfate reducing bacteria (SRB), 
is deleterious to production facilities and human resources. To control souring, various biocides 
and/or metabolic inhibitors like nitrate or nitrite are applied in the field. The objective of this work 
was to evaluate nitrite accumulation by Tepidiphilus sp. strain CC001 to control reservoir souring. 
The nitrite accumulation leads to souring control by inhibiting bisulfite reductase enzyme of SRB. 
This phenomena was evident at high temperature.  Enrichments of SRB were used for souring 
establishment in serum bottles at high tempreature (at 550C) and low temperature (370C). 
Tepidiphilus sp. was injected in these serum bottles when half sulfate was reduced and further sulfate 
and nitrate reduction was observed. It was detected that sulfate reduction at once c was stopped after 
Tepidiphilussp. injection and nitrite accumulation was observed in serum bottles at high 
temperature. Results of present study showed that Tepidiphilussp. strain CC001 reduces nitrate in 
N2 at ambient temperature, while at high temperature (550C) nitrate was reduced in nitrite and no 
further reduction was observed. The mechanism for this incomplete reduction of nitrate was 
confirmed by studying the nitrite reductase gene expression at high temperature. This study shows 
that incomplete nitrate reduction leads to inhibition of SRB growth and souring control at high 
temperature.
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The CO  concentration in environment is ever increasing mainly due to the burning of fossil fuels 2

and growing industrialization. Thus, it is a critical requirement to find out a way that can produce 
energy without hampering the environment and burning fossil fuels. In this regard, conversion of 
CO  to energy rich materials is highly important for a sustainable environment and economy. Among 2

the various known approaches for CO  conversion, photo-electrochemical reduction of CO  using 2 2

molecular complexes is one of the most important one to product high value chemicals such as 
HCOOH, CH OH, HCHO, CO, etc. in higher yield with low energy usage. The metal center in 3

complexes can easily coordinate with CO  molecule; act as electron donors and converted to the 2

oxidized form that can be regenerated after each reaction cycle by electrochemical reduction. The 
increased selectivity of the desired product can be achieved using specific metal under controlled 
applied potential. These metal complexes can be reproduced electrochemically after each cycle 
therefore can be recycled efficiently.  The TON is not so high in these processes, and more work is 
required to get that but even than this advanced approach is trouble free and fruitful for the 
sequestration of CO .2

Figure : Photo-electrocatalytic CO  reduction process.2
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Coker distillates are the excellent source of alpha-olefins (C8-C20) which can be used for the 
preparation of detergents, plasticizers, synthetic lubricants and flow improvers. Coker distillates are 
readily available in refineries as an intermediate streams which are further processed for the 
production of fuel components through hydro-processing. However, the Coker streams remained 
unexploited as a source of reaction medium in the area of polymerization. Polystyrene is one of the 
most important synthetic polymers, which has extensively been used in everything from drinking 
cups to plastic cutlery. Styrene is highly reactive monomer which undergoes spontaneous 
polymerizations at a rate of 0.1% per hour at 60°C and 2% per hour at 100 °C to give higher 
molecular weight polystyrenes. Therefore the control of polymerization to obtain lower molecular 
weight polystyrenes is challenging and is of great commercial significance. 
In the present study, we report the successful and controlled polymerization of the styrene to low 
molecular weight polystyrene by using coker distillate as reaction medium via free radical 
polymerization. The use of Coker distillate not only acts as a reaction medium but also provides the 
facile recovery of the polymer from the reaction mixture. Experiments using varied concentration of 
styrene in coker feed revealed the synthesis of polystyrene with wide range of molecular weights. 
However, by increasing the amount of styrene from 15 to 70 %, in feed, the molecular weight of 

polystyrene gradually increased from Mn ?7000 to 40000. The maximum molecular weight (Mn?  
42000) was obtained when 70% styrene in coker feed was used under optimized reaction conditions. 
Considering the economical perspective, the present work provides a unique and facile approach for 
the synthesis of low molecular weight polystyrenes in a cost-effective manner. Furthermore, the 
present work will open new opportunities to utilize lower value feed stocks to high value products.
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Novel silver nanoparticles grafted on W-CNx catalyst has been prepared by using a facile pH 
adjusted method. The material reported a non-mineral acid route for the synthesis of industrially 
significant monomers adipic acid (aa), via selective oxidation of cyclohexene. Ag has been 
stabilized into the hydrophobic matrix during the formation of mesoporous silica material using 
aniline as a stabilizing agent. A cyclohexene conversion of 92.2% with 96.2% aa selectivity was 
observed with AgWCNx catalyst; were AgWCNx catalyst found efficient for the direct conversion 
of adipic acid in respect to their monometallic counters. The synthesised material can avoid the use 
of harmful phase transfer catalyst (PTC) and/or chlorinated additives are among the other benefits of 
the work. We had further carried out this reaction over silica supported Ag and tungsten metal 
nanocomposites. 
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Performance Analysis on CI Engine
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Due to the increase in the demand of the fossil fuel along with a decline in the fossil fuel resources the 
necessity of an alternative fuel arises. And further, this fuel should be feasible in terms of economic 
and comparable performance with fossil fuel.Biodieselfuel;chemically processed byesterification 
and transesterification is one of the significant promising alternative fuel. In the present work 
linseed biodiesel (methyl ester) is produced and used to investigate the feasibility study of blended 
fuel with diesel (B10, B20, and B40) in Kirloskar make single cylinder CI engine. The calorific 
value of linseed biodiesel is much closed to conventional diesel fuel.An extensive experimental 
study was conducted to examine combustion performance using dual fuel blends with variation in 
load applied at 17 CR. The results showed that the performance of B10 and B20 blending aremuch 
closer to pure diesel fuel. Brake thermal efficiency ofB10, B20, and B40blends are reduced 
by0.5172%, 0.5242%, and 5.009% respectively 
with respect to diesel.The brake power of B10, 
B20, and B40 blends are decreased by 1.1995 %, 
1.2352%, and 3.355% respectivelywith respect 
to diesel.The brake specific fuel consumption is 
increased by 2.0661%, 2.9905%, and 8.55% 
corresponding to B10,B20, and B40 in compare 
to diesel.The Exhaust Gas temperatures are 
347°C,329°C, 298°C and 220°C for pure diesel, 
B10, B20, and B40 respectively at full load and 
CR 17. Linseed oil biodiesel (methyl 
ester)carries a significant  promising 
performance and potential substitute of Diesel 
fuel.

               
Figure 1: Variation of brake power with respect to the load applied and biodiesel blend with diesel
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Coal-Based Power Plants in India using the Externality cost 
Approach
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Coal-based thermal power plants in India cater to more than 60% of the electricity demand of our 
country due to availability of coal. However, the environmental impact of power generation from 
these power plants due to the release of pollutants like CO , SO , NOx and Particulate Matter (PM) is 2 2

significant and adversely affect the health of the people residing nearby. Emission of CO  has a 2

global impact as a greenhouse. But, the release of SO   is more of local impact as it has more health 2

impact of the society living nearby. CPCB has suggested the implementation of  Flue Gas 
Desulphurisation Units (FGDs) in major power plants by 30 June 2020 to adhere to the revised 
norms. However, the installation of FGD increases the fixed cost and operating cost of the power 
plant. Hence, it affects the profitability of the power sector. The European Union has developed a 
model known as ExternE to arrive at the external cost during the process of power generation. In the 
context of power generation from the coal-based thermal power plants, the external cost can be 
defined as the monetary value associated with the damages inflicted to the environment, human 
health, human morbidity, etc., due to the release of pollutants such as SOx, NOx, CO  and Particulate 2

Matter (PM). In the present work, the external cost of releasing SO  from major power plants located 2

across nine states in India is estimated by applying the ExternE model by modifying it to suit the 
Indian scenario. Comparison is made between the cost of generating electricity in Rs./kWh, with and 
without the external cost. Impact of installing the FGDs on fixed and variable cost will be compared 
with the cost of power generation with externality. It is observed that the external cost of releasing 
SO  from coal-based power plants in Tamil Nadu is the highest at Rs.3/kWh and an immediate need 2

to install FGDs. Other states in the order of decreasing external cost are UP, West Bengal, 
Gujarat,Maharashtra, Rajasthan, MP, Chattisgarh, and Orissa. This work also suggests the time plan 
of implementing FGDs as per the severity of releasing SO  based on external cost. 2
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Indoor Mirco-environment PM  and CO Concentrations from 2.5
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Access to clean cooking has been identified as one of the major flagship programmes by GoI through 
its Pradhan Mantri Ujjawala Yojana by promoting LPG in order to reduce the exposure to harmful 
indoor air pollutant. However, the issues associated with affordability of LPG and availability of free 
biomass still poses a challenge for its full scale adoption in rural areas. Therefore, the rural areas still 
continue to use solid biomass in an inefficient cook stove to cater their cooking energy needs either 
as a primary fuel or in dual fuel mode with LPG and others.
Biomass combustion in an inefficient household stove produces smoke containing pollutants like 
particulate matter, volatile organic compounds, bio-aerosols, carbon monoxide, transition metals, 
polycyclic aromatic hydrocarbons and others. Exposures to these pollutants are reported to be health 
damaging and carcinogenic. The present study quantifies 24-h average exposures of concentrations 
of PM2.5 and carbon monoxide in microenvironment of kitchen in 53 rural households of Amravati 
district, Maharashtra. The primary data were collected considering baseline cooking practices, fuel 
use pattern and related issues of domestic cooking for the rural households through personal 
interview using a structured questionnaire. It was found that cooking activity was performed indoor 
with traditional U shaped mud clay, three bricks and RCC type of traditional cookstove without 
adequate ventilation facility.  Majority of the households were using daily average 4-7 kg/day 
firewood as fuel followed by straw, dry leaf collected from own farm or nearby forest for cooking.  
Study highlights the severe exposure of women (chief cook) and accompanied children to the 
pollutants as they spent maximum of their time in the kitchens with dense smoke causing eye 
burning, asthma, and headache. The measured PM2.5 and CO values are found to be at least 10 times 
higher when compared with interim guidelines prescribed by WHO (35µg/m3). Therefore; to bring 
indoor air quality to the specified levels it is suggested to promote use of cleaner fuel, improved 
cookstoves and proper ventilation.

Keywords: Biomass combustion, indoor air pollution, improved cookstove
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In recent years the trend in crude oil supplies has accelerated towards heavy lower quality 
unconventional feedstocks. A high TAN crude usually have fewer light components, high density, 
high viscosity, high salts, heavy metals, and therefore processing them can lead to various problems 
associated with acid corrosion. Therefore researchers worldwide are looking for feasible, 
environmental friendly yet cheap process to refine such type of crudes. In present study Rancador 
Heavy Crude Oil of Brazilian origin was taken. It is a high-TAN crude with a TAN value of 2.40 mg 
KOH/g. A basic catalyst was prepared by incipient wetness impregnation method using PURAL MG 
with Ni loading such that it had MgO:NiO ratio 3:1. The catalyst was characterized to study its 
physical properties by x-ray diffraction spectroscopy (XRD), Scanning electron microscopy (SEM), 
energy dispersive x-ray (EDX), Nitrogen absorption and FTIR. By using this catalyst 75% reduction 
in TAN was recorded. 
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In this study, we synthesized deep eutectic solvents (DES) in different ratios ranging 1:2, 1:3, 1:4 & 
1:6. Methyltriphenyl phosphonium bromide (MTPPBr) was used as hydrogen bond acceptor (HBA)  
andtetraethylene glycol (TetEG) as hydrogen bond donor (HBD). DES was characterized by FTIR. 
The densities and viscosities were also measured at different temperatures. Dibenzothiophene - 
octane was used as a model sulphur fuel and extracted using the synthesized DES. A single stage 
extraction exhibits an 45% reduction of dibenzothiophene compounds from model oil even at low-
temperature 20oC. 

Keywords: Extractive desulfurization, deep eutectic solvents, dibenzothiophene, tetra ethylene glycol, 
methyltriphenyl phosphonium bromide
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Evaluation of the tribological behavior of paraffin oil-based lithium 
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The present study investigates the effect on the frictional behavior of paraffin greaseincorporated 
with CuO nanoparticles. The CuO nanoparticles were probed with XRD, FTIR, HR-SEM and EDX 
analyses. The grease was formulated with lithium soap (12-lithium hydroxy stearate) and paraffin 
oil. 
The CuO nanoparticles were doped in the grease in the range between 0.2 to 1.0 % w/w by an in-situ 
method. The extreme pressure and tribological behavior of the CuO nanoparticles doped greases 
were evaluated as per ASTM standard using four-ball tester. The physical properties of grease 
samples like drop point, consistency was also examined a per ASTM guidelines.Theantiwear test 
results showed tha the maximum reduction in the mean wear volume (MWV) was ~36% with the 
addition of 0.2% w/w of CuO nanoparticles in the paraffin grease.At the same concentration, ~28% 
decrement in power consumption was also achieved with the dispersion of CuO nanoparticles in the 
paraffin grease. The worn surfaces of the steel balls were studied with various analytical tools to 
know the wearmechanisms.
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To manage a reliable and economical system for long time; it is very essential to choose the best 
combination of component and dimensions of the hybrid energy system. More financial investment 
needed for large number of resources, while a system with a small number of components may result 
in the interruption of electricity supply in the electricity system. Climatic conditions also affect the 
choice of selection of renewable energy sources. For example, PV hybrid systems are best suitable in 
areas with warm climates and in areas where there is large number of sunny hours. Proposed system 
included PV generator, wind turbine, batteries, diesel generator and control variables. System 
analysis has been done in terms of pre and post HOMER analysis. In pre-HOMER analysis, hourly 
load data, hourly meteorological data and site layout are collected for university campus over the 
year. In post HOMER analysis best configuration is selected depending on type of load, wheeling 
transactions and issues like weather condition, site location and government policies. HOMER is a 
flexible tool for modeling conventional and non-conventional generation in autonomous or hybrid 
mode to estimate cost effective system configuration. It facilitates working with different 
conventional and non-conventional sources altogether; and estimate optimal system in terms of 
minimum harmful emission, cost and size. The findings provide cost projections of photovoltaic and 
wind energy systems relative to diesel generators and grid connection upon which investment and 
policy decisions can be made.

Keywords: hybrid system, simulation, result, comparative study
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Reducing the level of Particulate Matter (PM) and Nitrogen Oxides (NOx) in diesel engines using a 
retrofittable and integrated system is essential for an economic way of meeting stringent emission 
norms. Conventional diesel particulate filters employ ceramic flow monoliths which suffers from 
premature thermal damage during regeneration, and excessive exhaust pressure drop and fast 
pressure drop increase with increasing soot load. Traditional Diesel Particulate Filters (DPF) and 
Selective Catalytic Reduction (SCR) also use expensive catalysts. Few studies [1-2] have been done 
on the use of knitted ceramic fibers as substitute for wall flow monoliths in diesel engines. 
Experimental investigations into the effects of Diesel Exhaust Fluid (DEF) concentration in SCR 
was investigated by Xu et al. [3]. Here, we present a retrofittable DPF made of Stainless-Steel 
(SS316) fibers knitted into a Twill Dutch Weave integrated with SCR system as shown in figure 1. 
Sensors were employed to determine the backpressure as well as temperature. Urea solution is of 
32.5 % (w/w) concentration is made and is injected at three different flow rates of 0.3 lit/h, 0.6 lit/h, 
0.9 lit/h. Zeolite crystals are packed in the exhaust pipe which act as catalyst for SCR. The NOx 
concentration are studied for each flow rate using an AVL gas analyser. Significant reduction in 
nitrogen oxide concentration is observed. Particulate matter emissions are also reduced due to 
trapping of particles by steelmesh.

1. Dosing pump, 2. Lab jack (data acquisition device), 3. Personal computer, 4. Exhaust 
gasanalyser5. Differential pressure sensor, 6. Urea injector, 7. Exhaust probe
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Figure 1 showing experimental setup
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Vegetable oil is one of the essential dietary components in daily food consumption. In hotels and 
restaurants, cookingoilis fried multiple times for preparation of food in order to reduce the cost. The 
consumption of this foodleadsto harmful health issues. It was found that boiling of cooking oils 
results in the formation of free radicals that cause oxidative stress and induce damage at the cellular 
and molecular levels. Also, consumption of cooking oils which isrepeatedly heated contributes to 
intestinal tumor and damage jejunum, colon and liver of animals [1]. Proper disposal of this waste 
cooking oil is a major concern. Converting waste cookingoil into biodiesel which can be used as an 
IC engine fuel is a good option of waste management. Generally, various vegetable oilsare used as 
cooking oil and the fatty acid profile of biodiesel produced will vary from oil to oil. The present study 
was to investigate the effect of repeated heating of sunflower oil, coconut oil and palm oil on the 
properties of biodiesel produced from it. The vegetable oils were heated above 180 0C and were used 
to fry dough for 1 hour maintaining the same temperature. This heated oil was then allowed to cool to 
room temperature and the above process was repeated five times to get five different levels of heated 
oil. This process was repeated for all the three oils mentioned. Biodiesel was then prepared from 
these different heated oil samples by using methanol as reactant and KOH as catalyst. Various 
properties of biodiesel prepared were determined and found that the density, viscosity and calorific 
value were increasing with increase in repeated heating for all vegetable oils tested. Properties of 
biodiesel prepared from sunflower oil, coconut oil and palm oil were found to be different. 
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Figure 1 Effect of repeated heating of vegetable oil on viscosity of its biodiesel
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Increasing population and energy demands led to energy crisis and environmental pollution. Non-
conventional energy sources have several limitations to meet the energy demands despite their 
environment friendly nature. In absence of any alternative to fossil fuels based on conventional 
energy sources, hydrogen as a fuel appears quite promising option as it has the unique ability to 
utilize wide spectrum of renewables and non-renewables. Doped semiconductor photocatalysts 
serves as promising candidates for hydrogen generation through water splitting reactions.[1-2] In 
this context, we report Ag doped tungsten based oxide, synthesized by convenient wet chemical 
reaction, as a promising candidate to generate dihydrogen (Figure 1). Various characterization 
techniques such as PXRD, SEM, FTIR, TEM etc. were used to study the nature of formed 
nanoparticles. On investigation, silver doping was found to cause band gap engineering and generate 
oxygen vacancies, responsible for photocatalytic water splitting.
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Figure 1: Photocatalytic H  generation using pure & Ag doped tungsten based oxide2
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Clean energy is perhaps the most critical demand of today’s developing world, arising out of rapid 
exploitation of non-renewable sources of energy. Therefore, we are compelled to look for solutions 
in the form of renewable sources of energy. Since, the time domain for harvesting renewable sources 
of energy does not coincides with our practical usage, we need efficient energy storage systems. 
Rechargeable batteries have diverse applications ranging from portable electronics to hybrid 
electric vehicles etc. Li-metal is a preferred choice as anode material for lithium ion battery (LIB) 
application. However, undesired dendrite growth on the Li metal surface during cycling caused 
instability and safety dreads. Exploring a safer replacement of Li metal anode is crucial for safety, 
technological and fundamental importance. Iron sulfides/oxides have been investigated as 
electrodes for rechargeable batteries because of their high theoretical capacities, low cost, and 
environmentally benign nature. 
In our work we show facile method to synthesize Fe S  nanoparticles and it’s composite with 3 4

honeycomb carbon (HC) via hot-injection method as an anode material for LIB. As the anode for 
LIBs, Fe S  NPs displays a reversible discharge capacity of ~950mAh/g at 01.A/g but capacity 3 4

decays very fast at higher current density i.e. ~65mAh/g at 2A/g. So, composite of the sample with 
honeycomb carbon was prepared to overcome the stability issue of bare Fe S4  Composite gives 3 .

stable electrochemical performance it shows capacity of 760mAh/g at 0.1A/g and retains around 
60% capacity of ~435mAh/g at higher current density of 2A/g comparative to bare Fe S .The 3 4

excellent electrochemical properties for Fe S NPs@HC can be ascribed to a collaborative effect 3 4

between Fe S  NPs and HC, which possess high Li-ion storage ability and excellent conductivity, 3 4

respectively.
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Internal Combustion Engine Laboratory, Department of Mechanical Engineering

Indian Institute of Technology Madras, Chennai – 600036, India
*Email: jmmallik@iitm.ac.in

Global warming, waste policies, fossil fuels and unstable price have forced to develop alternative 
energy sources in order to meet demand and also to replace fossil fuels. The alternative energy 
sources that are mostly used are hydropower, solar energy, wind energy, geothermal energy, nuclear 
energy, biomass and wastes. A type of waste that is in abundance and can be used effectively as an 
energy source is waste plastic. All the plastics that are produced should be managed e? ciently at 
their end of life to avoid further pollution of the environment caused by land? lling. The plastic waste 
is an ideal source of energy because of its high heating value and abundance. It can be converted into 
oil through the pyrolysis process and utilized in internal combustion engines to produce power.
Therefore, in this study, blends of plastic oil and diesel are used as an alternate fuel in a single-
cylinder direct-injection compression ignition engine at various loads. The engine’s combustion, 
performance and exhaust emission characteristics are analyzed and compared with that of the diesel 
operation. The results showed that the engine is able to run on the pyrolysis oil at high loads 
presenting similar performance as that of the diesel, while at lower loads, the longer ignition delay 
period caused stability issues. The brake thermal e? ciency for plastic oil at full load is marginally 
lower than that of the diesel. However, nitric oxides (NOx) emissions are considerably higher. The 
results suggested that the plastic oil is a promising alternative fuel for certain engine application at 
certain operation conditions. More details will be given in the manuscript.
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Improved Multi-Linear Regression Models to Predict Biodiesel 
Properties Based on its Composition

Kiran Raj Bukkarapu and Anand Krishnasamy*
Department of Mechanical engineering, Indian Institute of Technology Madras, Chennai, India.

*Email:anand_k@iitm.ac.in

Extensive research works on understanding the suitability of biodiesel as an alternative to petro-
diesel in compression ignition engines has been carried out for more than 50 years now. The choice 
of biodiesels for automotive engine applications are based on their physico-chemical 
propertieswhich are primarily dictated by their fatty acid methyl ester composition. The biodiesels 
prepared from different sources exhibit different physico-chemical characteristics, based on their 
fatty acid methyl ester profiles among which kinematic viscosity, density, heating value, cetane 
number, flash point, cold filter plugging point are the key properties of interest for engine 
applications.  Several influential variables on biodiesel properties such as degree of unsaturation, 
carbon chain length etc. could be obtained directly from the fatty acid methyl ester composition. 
Therefore, many attempts have been made so far to develop models to predict biodiesel properties 
based on the number of carbon atoms, number of double bonds, molecular weight, fatty acid methyl 
ester content etc. However, selecting a best prediction model to estimate biodiesel properties is not 
so direct due to the limitations of individual models. The present work attempts to relate the 
measured methyl ester composition of biodiesel with its properties based on a multi-linear 
regression approach based on the data collected from literature. The properties that are predicted 
based on composition include cetane number (CN), cold filter plugging point (CFPP), density, Flash 
point (FP), higher heating value (HHV) and kinematic viscosity. The predictive ability of the 
developed regression models are adjudged based on mean absolute deviation (MAD) which is found 
to be much lower than the available literature models. The limitations of existing property prediction 
models are also analyzed in the present work. However, the models developed in the present work 
provide higher accuracy only within a specified range owing to its empirical nature.
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ZnO-Doped Graphene-MoS  Hybrid Material as Lubricant Additive 2

to Engine Oil for Reduction of Friction and Wear

Ajay Chouhan, Tarun Kanti Sarkar, Sangita Kumari, Srikanth Vemuluri, Om P. Khatri
CSIR -Indian Institute of Petroleum, Mohkampur, Dehradun 24805, India

*Email: ajaychouhan09.chem@gmail.com

Graphene and MoS  have drawn significant attention for numerous applications including 2

lubrication of engineering surfaces. Over the recent past, both Graphene and MoS  have been 2

explored for thin film lubrication and as additives to liquid lubricants for reduction of friction and 
wear. The dispersion stability of Graphene and MoS  in liquid lubricants has been a major challenge. 2

Herein, ZnO-doped graphene-MoS  hybrid (Gr-MS-Zn) is synthesized not only to integrate the 2

lubrication characteristics of graphene and MoS  but also make them dispersible in the commercial 2

engine oil. The chemical, structural, and morphological features of Gr-MS-Zn were examined by 
FTIR, XPS, XRD, TGA and TEM analyses. The Gr-MS-Zn as an additive to commercial engine oil 
10W40 showed excellent dispersibility. All tribological tests were carried out using steel tribo-pair 
under the rolling contact. The 0.05 mg.mL-1 dose of Gr-MS-Zn hybrid as an additive to 10W40 
engine oil decreased the average coefficient of friction and wear scar diameter by 45% and 27%, 
respectively. The plausible lubrication mechanism emphasizing the role of Gr-MS-Zn hybrid for the 
reduction of friction and wear would be discussed during the presentation.
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Production of Hydrogen-Rich Syngas, Nano-Silica and Activated 
Carbon in Two-Stage Gasification Process

1 1 1
A. S. Chaurasia* , N. B. Gautam , and A. M. Rose

Department of Chemical Engineering
Visvesvaraya National Institute of Technology, Nagpur - 440010, Maharashtra, India

*E-mail: aschaurasia@che.vnit.ac.in

The two-stage gasification of rice husk was carried out to obtain the hydrogen-rich syngas and rice 
husk char. The rice husk char was further treated for nano-silica and activated carbon. The effect of 
acid leaching on the purity of silica, the surface area of silica and composition of syngas were 
analyzed. The XRF analysis results show that the acid leaching rice husk improves the purity of 
silica to 97.5%. The FESEM analysis shows that the size of the silica nanoparticles is in the range 40 

2 2
nm to 91 nm. The acid leaching increases the surface area of silica from 276.91 m /g to 311.68 m /g. 
The acid leaching of rice husk increases the yield of hydrogen (H ) and carbon monoxide (CO) as 2

compared to the un-leached rice husk. The surface area of char particles increases from 102.49 m2/g 
2

to 567.03 m /g after the activation process. The silica extraction using carbon dioxide (CO ) 2

precipitation is found to be more profitable than acid precipitation.
 

Figure 1: Experimental setup of a two-stage gasifier.
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Energy and Cost Estimation of Biodiesel Production from Mahua
 (Madhucalongifolia) feedstock -a parametric study

1 2 2
Yog Divya , JeewanVachan Tirkey *, and S K Shukla

1Energy Economics, BHU, Varanasi
2
Department of Mechanical Engineering, IIT(BHU) Varanasi

*Email:jvtirkey.mec@itbhu.ac.in

Biodiesel fuel is one of the promising alternative fuels for sustainability. Sustainability imposes to 
analyze the life cycle of biodiesel production regarding energy and cost issues. This study helps to 
confer the prospects and create a path of development of the biodiesel program in India. Amongst 
several approaches of bio-diesel production, transesterification process with alkali catalyst provides 
better conversion of triglycerides to their corresponding methyl ester as biodiesel. This paper 
presents the life cycle assessment regarding energy utilization and related cost to find out biodiesel 
cost using Mahua as a feedstock. The study of Soil-to-oil of Mahua comprises different aspects of 
cultivation, oil extraction and finally biodiesel production. The energy and cost were estimated 
concerning 200 numbers plant/hectare at the space of 7mx7m for a single seasoned fruited till 60 
years. The estimated net energy gain and energy ratio was 7.517 (MJ/hectare/year) and 5.063 
respectively. The cost of Biodiesel after selling out by-product (seed cake and glycerol) in India at 
the end of the gestation period (11th year) was around 276.78, 246.03 and 225.94 rupees per liter and 
at end of the 40th year was around 65.41, 58.15, and 53.40 rupees per liter corresponding to the 
assumption of Biodiesel yield from raw Mahua oil of 80%, 90%, and 98% respectively. After selling 
out the flowers the cost of Biodiesel estimated around -429, -381 and -350 rupees/ liter (-i.e. 
profited).Thus, the study envisages that Biodiesel from Mahua oil offers a significant benefit 
regarding energy and cost as well.  
 

Figure 1: Cot estimation of Biodiesel per liter with respect to by-product selling
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Assessment of Carbon Footprint Generation Through Electrical 
Appliances in Residential Colony of CSIR-IIP: An Eco-Campus 

Initiative Under CSIR-HARIT

Abhilek Nautiyal, Megha Sailwal, Diptarka Dasgupta, Thallada Bhaskar, Debashish Ghosh*
Biochemistry& Biotechnology Area; Materials Resource Efficiency Division, CSIR-Indian 

Institute of Petroleum, Mohkampur, Uttarakhand, India – 248005
*Email; dghosh@iip.res.in

Today energy security and waste management are the global concerns. An initiative to develop a 
clean, green "eco-campus" within CSIR-IIP's colony premises was adopted under the activity of 
CSIR-HARIT. The relationship between climate change, carbon dioxide and other greenhouse gases 
emission from human activity is increasing and accepted by the public as well as the scientific 
community. Excessive emission of Greenhouse gases contributes to the positive radiative forcing in 
the climate. Carbon footprint is a new catchphrase that has been gaining enormous attention and 
significance globally over the last few years: the electrical appliances and its carbon intensities aid in 
evaluating their carbon footprint. Electricity consumption  directly relates to energy utilization. This 
energy consumption is the main cause of CO emission. However, fossil fuel consumption and 2 

carbon footprints change with household consumption. Electronic appliances being one of the major 
sources of GHG emitters are selected for this sudy. Combined energy analysis based on household 
electrical loads was estimated to evaluate carbon footprint for CSIR-IIP residential colony (Quarters 
type C, D, E S type). A quantitative household survey was conducted in two phases; during winter 
(December 2016 to February 2017) and summer (March 2018 to May 2018) and average monthly 
data were presented. A sum of 85 and 63 residences generated an average of 7.02 MT CO eq. 2 

footprint annually. The inference of this study can be used to create and nurture a sense of social 
consciousness and responsibility by participating in CO reduction relevant to the global cause. This 2  

will help to realize the inclusive growth and improvement in the quality of life of the billions of 
people at the bottom of the economic pyramid through science and technology interventions 
relevant to their socio-economicdevelopment.
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Water Quality Assessment in CSIR-IIP Residential Colony: An Eco-
Campus Initiative Under CSIR-HARIT

Tripti Sharma, Arijit Jana, Diptarka Dasgupta, Thallada Bhaskar, Debashish Ghosh*
Biochemistry & Biotechnology Area; Materials Resource Efficiency Division, CSIR-Indian 

Institute of Petroleum, Mohkampur, Uttarakhand, India – 248005
*E-mail: dghosh@iip.res.in

The human body consists of 70-80% water; this makes water one of the prime necessities for life. 
Almost 71% area is covered by water on the Earth's surface, and 96.5% of it is in the oceans. 
However, Freshwater makes up a tiny fraction of 2.5% of all water on the planet. Even theren, merely 
1% of freshwater is easily accessible, with much of it trapped in glaciers and snowfields. Potable 
water (drinking water) is not the same as freshwater. Freshwater occurs naturally in the environment, 
apart from seawat and brackish water. A considerable amount of fresh water present either on the 
earth’s surface or stored in the form of groundwater is unfit for drinking without its preliminary 
treatment. Human’s day to day activity in addition to naturally occurring calamities, pollute these 
sources of freshwater. Drinking water is water suitable for utilization by humans for drinking and 
cooking purposes, supplied by any means and from any source. Indian standard for drinking water 
specification (IS 10500) recommends the requirements, test methods and sampling procedure for 
affirming the suitability of water for drinking. Qualitative and quantitative measurements are 
required on regular intervals for the screening of water quality, supplied from various sources.
“Eco-campus” an ongoing project under CSIR-HARIT within CSIR-IIP’s residential colony 
premises, motivated to be a zero-waste colony. Therefore, assessment of potable/drinking water 
supplied within the colony was a part of the agenda. To evaluate the quality of water in CSIR-IIP 
residential colony households, the first phase of water samplings was limited to C, D, E, S1, and S2 
type quarters. Our main objective of these analyses was, therefore, to inspect (using regular or 
intensive sampling and analysis) spatial and temporal variations in water quality. For the 
determination of physical and chemical parameters of water, samples were randomly collected, 
from main water tank, wash basin of household and water purifier and analysed for pH, total 
dissolved solids (TDS), turbidity, total alkalinity, total hardness, fluoride, nitrate, sulphate, calcium, 
iron, magnesium, arsenic, total coliform, faecal coliform, residual free chlorine, chloride, taste, 
conductivity, odour, colour, sodium, potassium, chromium, zinc, aluminium, lead, cadmium, 
manganese, copper as per IS and APHA test specifications. Microbial load, dissolved oxygen (DO), 
biological (BOD) and chemical oxygen demand (COD) in water, were analyzed separately through 
random sampling, in Biochemistry and Biotechnology Area, MRED, CSIR-IIP. We concluded that 
water supplied at CSIR-IIP residential colony was not suitable for drinking directly, without 
purifying it. Whereas, it was appropriate for the kitchen and other household purposes.
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Waste Generation Analysis in a Student Residential Complex: An 
Engineering Analysis

1 1 1
Man Mohan Sah , Avinash Chandra Singh , and Asad H. Sahir*

Indian Institute of Technology Ropar, Rupnagar (Punjab)
1
 Chemical Engineering, Indian Institute of Technology Ropar, Rupnagar (Punjab)-140001

*Email: asad.sahir@iitrpr.ac.in

Universities and academic institutions worldwide are taking a lead on making their residential 
campuses free of waste. Many institutions are investigating waste management strategiesthrough 
the International Sustainable Campus Network (ISCN) and United Nations Educational, Scientific 
and Cultural Organization (UNESCO). [1,2]
Inspired by the worldwide interest, chemical engineering undergraduate researchers at Indian 
Institute of Technology-Ropar have initiated a study on possible strategies that could reduce waste 
generation on university campus and make it more sustainable. The initial studies have involved 
qualitative surveys of the residential block residents and investigated the consumption of plastic, 
textiles, electronic, medical and food waste. This poster will showcase a quantitative analysis 
employing chemical engineering principles like material and energy balances, thermodynamics and 
optimization.

References

[1] https://www.international-sustainable-campus-network.org/
[2] https://en.unesco.org/greencitizens/stories/sustainable-campus-network https://www.international-

sustainable-campus-network.org/
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A Chemical Engineering Perspective on Bioenergy Options in Rural 
Punjab

 
1 1 1

Anant Chauhan , Ankit1, Rohitash , and Asad H. Sahir*
1 Chemical Engineering, Indian Institute of Technology Ropar, Rupnagar (Punjab)-140001

*Email: asad.sahir@iitrpr.ac.in

According to the Ministry of New and Renewable Energy, Government of India the total biomass 
resource potential in Punjab is of the order of 3200 MWe [1]. To understand the potential of 
bioenergy production in Rural Punjab, an engineering analysis has been performed through data 
collected from a field study in a village near Rupnagar district. The field study involved numerous 
visits to the village wherein villagers were interviewed from a socio-economic perspective, 
understanding their economic and logisticalconcerns.

The results of this field study have been analysed from a qualitative and quantitative framework. The 
poster will showcase the results of the quantitative analysis from a Chemical Engineering 
perspective employing material and energy balances, combustion characteristics and insights on 
implementing emerging bioenergy options.

References
[1] Biomass Knowledge Portal: https://biomasspower.gov.in/punjab.php
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Carbohydrate-Derived Bio-Tolerant Compound for Corrosion 
Inhibition and Enhancement of Tribological Properties

Tarun K Sarkar*, Ratnika Rawat, and O P Khatri
1CSIR- Indian Institute of Petroleum, Dehradun-248005, Uttarakhand

2
Banasthali Vidyapith, Rajasthan
*Email:tarunk.sarkar@iip.res.in

Lubricants are one of the most widely used commodities which are used for the smooth  operation of 
machines at optimum efficacy with utmost reliability. Lubricating oils are composed of lube base oil 
and a wide range of additives. Most of the conventional additives are often intolerant towards 
biological systems and have adverse and hazardous effects on ecosystems. Considering these facts 
the current work is targeted towards the synthesis of the bio-tolerant glucose-imine compound, 
3,4,5,6-tetrakis-octadecylimino-hexane-1,2-diol (DEXODA) and its application as a corrosion 
inhibitor and tribo-performance enhancer for SN 150 mineral lube  base oil. The bio-tolerability of 
the DEXODA was carried out using Agar well eco-toxicity test in the presence of Escherichia coli, 
ATCC 25922. The corrosion inhibition performance was studied following the ASTM standard 
D665, and the inhibition efficiency was observed to be around 99% for 100 ppm dosage of 
DEXODA. Potentiodynamic polarization studies revealed that the additive behaves as mixed type 
corrosion inhibitor with predominance towards inhibition of the anodic reaction. The tribo 
performance of DEXODA was carried out using ASTM-4172B standard and a reduction of 41% the 
coefficient of friction was observed in the same concentration.

Keywords: Corrosion inhibitor, Tribo-Performance enhancer, Bio-tolerant
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CSIR-Central Institute of Mining & Fuel Research 
(A Constituent Lab. of CSIR, under the Ministry of Science & Technology, Govt. of India, New Delhi)

Footprints of CSIR-CIMFR
 

lh,lvkbZvkj & dsUæh; [kuu ,oa bZa/ku vuqla/kku laLFkku 

(foKku ,oa çks|ksfxdh ea=ky;] Hkkjr ljdkj] ubZ fnYyh ds varxZr lh,lvkbZvkj dh ,d vaxhHkwr ç;ksx'kkyk)

CSIR-CIMFR has been formed after integrating the core competencies of erstwhile Central Mining Research 
Institute (CMRI) and Central Fuel Research Institute (CFRI), both at Dhanbad, to provide valuable R&D inputs 
for mining and processing of coal/minerals encompassing exploration, extraction, processing, utilisation and 
environmental management. The institute possesses unique knowledgebase of geo-technical designs. Our vision 
is  

CSIR-CIMFR is conducting translational research to ensure energy security for the country and delivering 
sustainable mining technologies for industrial advancement and social upliftment. This institute also extends 
testing, evaluation, calibration and consultancy services for rock mechanics, explosives and accessories, safety 
equipment, roof supports, personnel protection equipment, flameproof and intrinsically safe equipment, 
electrical cables, mining and allied industrial components, wire ropes, cage and suspension gear components, 
aerial ropeways, etc., for their efficient use. The expertise attained in coal characterization is being fully utilised in 
the industrial interest involving different facilities for conventional & instrumental analysis of coal & coke, coal 
washing pilot plant, pilot coke oven by electrical heating & non-recovery type, XRF, XRD, FTIR, FETR, DTF, 
TGA, Surface Area Analyser, Porosimeter, coal water emulsion, GTL, PTGA-MS, HPLC, CPT, IPT, etc. EIA & 
monitoring of Air, water, noise & soil pollution, GC, Particle size analyzer, washability investigations on coals for 
cleaning potentialities, various laboratory Tests on coal preparation, Coal washing Pilot plant for coarse and Fine 
Coal Beneficiation.

"to be an internationally acclaimed mining and fuel research organisation” 

Major Contributions are: 
• Development of Efficient Mining Methods and Assessment of Stability of Mining Structures 
• Design and development Safe Rock Excavation techniques for Mines and Civil Infrastructures
• Design of Stowing Systems for Stabilization of Mine Workings
• Assessment and management of Subsidence and Ground Movement due to Mining
• Design of Environmental Management Plan for Eco-Friendly Mining and Coal Based Industries 
• Optimal design of Mine Slope and overburden dumps using high density laser scanner
• Investigations on Methane Emission due to Mining and GHG Inventories
• Resource Evaluation and Reservoir Modeling of Coal bed Methane
• Evolution of Methods to Control Mine Fire
• Design of efficient underground ventilation network to arrest heat/humidity and gas hazards 
• Design and development of Support Systems for Mines
• Design & Development of Equipment, Instruments & Components for Safe Mining
• Coal Quality Assessment
• Basic Studies on Coal Science
• Coal  Preparation 
• Coal Carbonization
• Coal Liquefaction – Direct & Indirect routes
• Coal Gasification
• Coal Combustion
• Non Fuel Uses of Coal/  Value Added Chemicals/Products from Coal
• Fly Ash Utilization

For Further Information Please Contact:

Dr. Pradeep K Singh 
Director
CSIR-Central Institute of Mining and Fuel Research
Barwa Road, Dhanbad – 826 015 (Jharkhand)
Phone  : 91-326-2296023/2296006/2381111
Fax      : 91-326-2296025/2381113
e-mail  : director@cimfr.nic.in / dcmrips@yahoo.co.in
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