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2nd Warmest December since

1880

+1.55 °C

Why There Is Need For Decarbonization?

Concentration of

carbon dioxide in

atmosphere??
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Industrial emissions contribute for ~30% of India’s total CO2 emissions

Major ‘hard-to-abate’ sectors include : Cement, Steel and Oil & Gas

Emissions are projected to grow by ~80% by 2040 without intervention

Industrial Emissions

IEA
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Centre of Excellence in

Oil, Gas and Energy

(CoE-OGE)

IITB

National Centre for Photovoltaic Research

and Education (NCPRE) & POTIC

Technocraft Centre for

Applied Artificial

Intelligence (TCAAI) 

Centre for Semiconductor

Technologies

National Centre of Excellence in

Carbon Capture and Utilization

(NCoE-CCU)

Centre for

 Climate Studies

Ashank Desai Centre for

Policy Studies (ADCPS)
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Centre of Excellence in Steel

Technology 

Centre for Machine

Intelligence and Data

Science (CMInDS)

TIH Foundation for IoT &

IoE

EV Power Train Lab

Advanced Batteries and Ceramics Lab

Hydrogen Storage and Applications Lab

Industrial Energy Assessment

Cell (IEAC)

EV Power Train

Lab



Country-wide capacity

assessment

Source-sink matching

Enhanced oil recovery

Enhanced CBM recovery

CO₂ transportation

Life-cycle analysis

Bioenergy based CCS

Techno-economic analysis

Environmental Assessment

Cross-cutting

systemsCO₂

sequestration

Carbon Capture

CO₂ utilization

National Centre of Excellence in CCU

Nanofluid amine based

solutions

Modified membrane

based CO₂ separation

Aqueous solution-based

CO₂ capture 

CO₂ valorization

Methanol production

High value organics

CO/CH₄ generation

Indian Patent No. 435947 

Arnab Dutta, Vikram Vishal et al.

Indian Patent No : 538214

Arnab Dutta and Vikram Vishal 



Engineered cyanobacteria for sustainable biomanufacturing and carbon capture

Photosynthetic cell factories that can enable sustainable production

of  chemicals and biofuels from CO2 

Fast-growing and environmentally robust Synechococcus

elongatus strains from Powai lake

Promising leads for tech translation and scaleup

Current TRL: 3/4
(Lab scale

validated PoC
process)

Translation to TRL: 7 (Demonstration
in photobioreactor )

Strain engineering and
process optimization to

further increase product
yield

Potential
collaboration/Industry support
(Reliance, TATA Power, Praj
Industries) for scaleup 





Bimodular CCUS technology based on bio-inspired
catalysts (Collaborators: ONGC, BPCL, IOCL, HPCL, EIL)

Objectives:

Develop and fine-tune low-cost and efficient bio-inspired catalysts for CO₂

capture and Utilization (CCUS)

Outcome:

Fine-tuned a bio-inspired catalyst for CO₂ capture from refinery flue gas and
demonstrated in a 1 kg CO₂/hr lab-scale unit.
Developed an energy-efficient, bio-inspired catalyst for the CO₂/CO converter
Demonstrated a 1 kg CO₂ to CO/hour converter 

Commercial relevance and implementation status:

The developed process can be applied for the removal of CO₂ from Coal Bed
Methane (CBM) and utilizing the CO₂ for the synthesis of CaCO₃. CaCO₃ can
be sold to cement manufacturers and other commercial purposes for an
additional revenue stream.



Anomaly Detection and Root Cause Identification
 in Refineries (Collaborator: HPCL)

Objectives:
To enhance root cause detection in a refinery using
operational data in real time

Outcome:

An advanced software product developed and tested
in collaboration with HPCL, Mumbai refinery - Real-
time using DCS data

Commercial relevance and implementation status:
This technology helps achieve operational excellence in refineries through early detection of
faults the root cause.
Improves system reliability, prevents failures, and enables optimal operations, thereby
improving process efficiency

Digitalization
Early prediction of flare events and prognosis of possible sources
Toolchain for oil and gas leakage through drones
Software tool development for pinch analysis based targeting for oil and gas industry



Si and Perovskite solar cells and materials

Power electronics for grid integration 

Photovoltaic deployment and reliability

Solar Photovoltaics

Areas

Green Hydrogen

Indigenous development of 

end-to-end solution for water Electrolyser in India

Development of AEM 

water electrolyser

Catalyst design 

& development

Anion 

exchange 

membrane

Scale-up of 

AEM stack

Balance of

plant

Accelerated Testing and 

development Routines

Biomass to Hydrogen

Production, Utilization

& Storage



4T- Silicon-Perovskite Tandem Solar Cell

Public Funds:
IOE, MoE-India
DST-India
MNRE-India
MEITY-India

PV Global magazine
Coverage!
May 2023

Nature team profile coverage

Vertically stacked RGB
Tandem OLEDs: Lighting 
High resolution Displays

Silicon/perovskite 
Tandem Solar Cell: PCE> 30%
Efficiency gain per unit area!



TCE on soft materials fabrication tool 
Optoelectronics and bio-photonics

OLED manufacturing meteorology tool

Patents filed 
Countries includes: India, US, China, Japan,
Taiwan, South Korea, Europe

Technology Transfer and licensing of IPs
Optoelectronic device fabrication tool

Method of forming perovskite film via vacuum
approach

Applied Materials Inc., USA
Applied Materials Inc., USA

Research Highlights
Nature – where I work
IOP – Physics world
AIP- SCIlight x 2
Global PV Magazine

Patent granted



Space heating for Indian army

Solar-water purification

Material :
Porous hard-

carbons (NCFs)

Near-perfect
black-body
absorber

22 lit/m² of clean water output in a day (3 x of
conventional solar-stills)
Inlet : 5000 – 7500 ppm TDS
Output TDS < 10 ppm
Single step comprehensive purification
150 lit/day capacity pilot plant in a govt school through
Arid Communities & Technologies.

Solar Thermal









Concepts

Chemistry

Electrode 

Cell 

Prototype 

Diagnostics/Predictions 

Recycling

Battery Research

Areas

Advanced Li-ion 

& Li-metal 

(regular, 

solid-state,

 printed) battery

Lithium-Sulphur 

& 

Sodium-Sulphur 

battery
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& 

multi-valent

battery

chemistries

Sodium-ion battery, 

including solid-state,

battery

Metal-air 

&  

Redox flow

 battery



Development of Na-ion battery cathode via health/environment
friendly and cost-effective ‘aqueous processing'.

[Patent granted; Indian
Patent No.: 406595, dated:

14/09/2022]

Development of high capacity, stable and highly rate-
capable Na-ion battery cathode.

Trials underway for technology translation to Indi

Energy

High-performance and air/water-stable
cathode materials for high energy density

and low-cost Na-ion batteries

Trials underway for technology translation to KPIT (now, Trentar Energy Solutions) 

Scalable Sn-based high-performance and safe anode materials 
for high volumetric energy density Na-ion batteries



Mollick, Mandal, Srinivasan J. Electrochem. Soc. 2025, 172 010503; Indian Patent #560510, Granted, 2025: Currently being translated by Industry Partner (up to 30 Ah)

Zn Batteries for Stationary Storage



Circular Economy @ IITB  Diverse sectors and Multiple

Approaches

Process/Technology Development

Circular bio-economy

Recovery of value added

chemicals from fruit

processing waste

Garden waste to produce

fuels for domestic cooking

Biomass gasification for

production of hydrogen and

methane as fuels

Plastics and polymers

Thermo-chemical recycling

of waste plastics for fuels

Design of bio-composites

for sustainable and circular

materials

Development of

biodegradable and reusable

polymers 

Industrial wastes

Sustainable handling of tyre

waste

CO2 capture and

conversion to fuels and

chemicals

Construction and foundry

waste recovery and

management

Recovery chemicals from

waste water

e-waste



Critical Materials Recovery

Roasting-Water Leaching-Slag Cleaning Process for Recovery of Valuable Metals from Li-ion Battery Scrap

 XRD patterns of black mass, sulfation

roasted powder, and leach residue after

water leaching

General Process



Waste Biomass-Plastic Gasification and Combustion
based systems for Thermal Applications and Waste

Management
Gasifier – Designed to operate
with 

Feed upto 20% ash
Co-gasification with
Plastic/Paper/Cloth mix upto
20%
Menstrual Waste upto 4% as
co-feed

Efficient burner for low CV fuel
Low emission 
High temperature
High efficiency
Flameless burner with ultra
low emission

Sand drying/Sand

Reclamation for casting

industry - Deccan Crest Pvt

Ltd. Kolhapur

Potential areas (any thermal
process requiring heat upto
1000 deg C)

Steam Boiler
Aluminium Melting
Powder Coating 
Community
Cooking/Kitchen
Drying/Baking/Process
heat

IITB Living Lab

Waste Biomass-Plastic & Waste Heat based Gasification system for H₂ production 



Integrated sugar industry complex for waste valorization:

Decarbonization and Circular Economy Adoption
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Inventory and Low Carbon Pathway



Detailed life-cycle assessment of GAIL gas
processing facility in Pata (Collaborator: GAIL)

3

Objectives:

Determine detailed product-wise impacts and

emission hotspots

Use detailed process data to provide

decarbonization possibilities

Identify the impact of the electrification of gas

processing on carbon emissions

Outcome:

Carbon footprint of HDPE and LLDPE

Section wise impact details of complex

plant

Impact of electrification of operations



Life Cycle Assessment of Hydrogen Production via Electrolysis
Technologies: Insights from India for a Sustainable Energy Transition

Reveals
hidden

environmental
hotspots.

Supports
informed

policy and
investment
decisions.

Identifies
sustainable
production
pathways.

Evaluates
environmental

impacts across
hydrogen value

chain.

Need for LCA in
hydrogen

production
technologies



Student Semester Program - SLP





Sustainability Education for Industry Leaders and
Managers: Sector-Specific Courses

Industry Industry Sector

Oil and gas Petroleum and
PetrochemicalsPlastics and polymers

Cement
Heavy IndustriesSteel (broadly metals

and alloys)
City/Urban regions

Urban infrastructureBuildings
Transport
Power Energy

Course for industry leaders: ESG
reporting, climate/green finance,
circular economy models, climate
policies, and targets
Course for industry managers:
Material flow analysis, Life cycle
assessment, footprint calculations,
software training, green engineering,
and chemistry principles

Options: One-off courses, Professional
certificate (three courses), Shared/joint
courses with industry



IITB StartUp



Exploring CII Partnership 



“To enable research 

and education for sustainable development”

Outreach

Roundtables

Seminar/Webinars

Conference/Symposium/Conclave/Expo

Fundamental & 

Translational 

Research

Faculty Initiated

Hub Initiated

Industry Academia

Student Initiated

Research Infrastructure

Education & 

Training

CEP

EPGD/MEngg

MOOC

Minors, IDDDP

Entrepreneurship

Industry

Sustainability

Assessment 
Policy Support

Campus

Sustainability

IITB

Other Campus
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