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Global Warming

Carbon Sequestration

Gas Trapping Mechanism

Permeability, Strength, Storage Potential

Storage Vs. Enhanced Gas Recovery

Storage of CO2 from anthropogenic sources into deep lithological units for geologically 
significant periods of time.

CCUS is the Way



Role of CCS in 21st Century World

• One of the 14 Grand Challenges of the 21st century

• Five of the 17 Sustainable Development Goals: climate action; clean energy; industry, innovation 
and infrastructure; responsible consumption and production; partnerships to achieve the goals.

• IPCC assessment includes CCS as a key mitigation portfolio. No CCS ~ cost rise by 138%

• CCS is a non-avoidable strategy towards climate change mitigation
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Myths Reality

CO2 storage is not happening... it 
is an untested/unproven 

technology” 

300+ MMT CO2 already stored in geological formations 
over the world

“There is not enough storage 
space to store enough CO2 to 

make a difference” 

Upto 27519 gigatons of CO2 can be sequestrated spanning over 
600 basins worldwide. Can last 10000 years with 2.3 GT CO2

stored every year (IPCC)

“The CO2 will leak” 

Caprocks will prevent leakage. Detailed monitoring of the 
reservoirs are done pre and post injection for up to 10 years. Risk 

reduces with each series of injection and close monitoring 
(Benson et al., 2007)

“Is there specific regulation in 
place?” 

Each country is coming up with their own. Tax benefits has 
encouraged industries to opt for storage. Paris Agreement and 
COP25 has encouraged govts to come up with policy for CCUS.

“Who is responsible for the CO2

once it is stored underground?”
Operator through project lifecycle, regulator after completion. 

Policies being developed to allocate roles.
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Worldwide status: CCUS



Worldwide status

300+ MMT CO2 already stored in 
geological formations over the world

Upto 27519 gigatons of CO2

can be sequestrated spanning 
over 600 basins worldwide. Can 

last 10000 years with 2.3 GT 
CO2 stored every year (IPCC)

Source: GCCSI Report, 2020
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Deep Saline Aquifers

Basalts Enhanced Coalbed Methane Recovery (ECBM)

Methane hydrate 
recovery (?)

Geological Diversity in India

Depleted Oil and Gas Reservoirs
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Status of CCS in India

• ONGC – IOCL: CO2 capture from Koyali refinery for CO2-EOR in Gandhar field, Gujarat (MoU/Studies)

• OIL – IOCL: CO2 capture from the flue-gas stacks of hydrogen generation unit and gas turbine power 
plant at Digboi refinery for EOR in Nahorkatiya and Dikom oil fields in Assam (MoU/Studies)

• Essar O&G E&PL: Feasibility assessment of pilot scale CO2 enhanced coalbed methane recovery 

• MoP&NG, 2018 framework for incentivizing EOR/IOR, which includes CO2 enhanced petroleum recovery
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CO2 storage resources (millions of tonnes) of major 
oil and gas fields. Source: GCCSI Report, 2020

IEA Outlook 2021

Ongoing CCU PROJECTS at various stages
• 200 TPD CO2 capture plant at Tuticorin for soda ash
• 5TPD CO2 capture from blast furnace of Tata Steel
• 20TPD CO2 capture plant by NTPC
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CO2 Storage Potential in India

Vishal et al., 2021, A systematic capacity assessment and classification of geologic
CO2 storage systems in India. International Journal of Greenhouse Gas Control,
Vol. 111, p.103458.

• Enhanced oil recovery: 3.4 Gt

• Enhanced coalbed methane recovery: 3.7 Gt

• On-shore/Off-shore saline aquifers: 291 Gt

• Basalt Formations: 97 – 316 Gt

Total: 395 – 614 Gt
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ACADEMIA COOPERATION INDUSTRY

Vishal et al., 2021, Understanding initial opportunities and key challenges for CCUS 
deployment in India at scale. Resources, Conservation and Recycling, 175, p.10582 

Technology Readiness Levels - India
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CO2 CAPTURE PILOT : Feasibility Studies

1. Pre-Feasibility studies for 60,000 tonnes per annum CO2 capture

2. Feasibility and engineering for CO2 conversion to green chemicals

3. Feasibility for large scale CO2 capture for enhanced oil recovery



Multi-Scale Investigation: Regional to Core to Pore Scale

1
2Low Pressure Gas Adsorption setup

Collection of samples Create sub-surface in lab 

Gas Permeameter Deformation Test Pulse Decay Permeameter

Rock sample composition and characteristic analysis: EPMA and XRF
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CO2 flow-storage-deformation - state-of-art laboratories

High pressure, high temperature, multi-phase flow-storage-deformation studies including the dynamic breakthrough 



1
4

The Resource Pyramid
(Holditch, 2006)

Reservoirs less understood

• How much pore space?                        Pore Volume

• What ease of extraction?                     Permeability

• System integrity?                                       Strength
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CO2 Emissions

Natural Gas Production

Opportunities & Challenges in Unconventional Reservoirs



1. Deformation of coal with injection of CO2

2. Role of injected fluid phase in deep sub-surface conditions 

3. Enhancing CH4 production with injection of CO2
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Chandra D. and Vishal V., 2020, J Nat Gas Sci Engg, Art. 103453
Vishal V. et al., 2019, Energy and Fuels, Vol. 33(6), pp. 4835-4848. 
Vishal V. et al., 2018, Energy, Vol. 159, pp. 1185-1194
Vishal et al., 2013, Energy, Vol. 49, pp. 384-394
Vishal et al., 2013, Int J Coal Geol., Vol. 105 pp. 36-47.

ECBMR and Coal Seam CO2 Sequestration

Vishal V., 2017, Fuel, Vol 192, pp. 201-207
Vishal V., 2017, Journal of CO2 Utilization, Vol 17, pp. 235-242
Vishal V. et al., 2015, Fuel, Vol 139, pp. 51-58
Vishal V. et al., 2015, J Nat Gas Sci Engg, Vol 22, pp. 428-436
Vishal V. et al, 2013, Engineering Geology, Vol 167, pp. 148-156



System Analysis of CO2 capture, transport and storage
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System Analysis

• Key to analyse the whole chain of CO2 capture technologies,
transportation and storage & Utilization (CCUS)

• Refineries have several units that emit CO2, including steam
methane reformers, catalytic crackers and combined heat
and power units.

• Low-carbon hydrogen: Steam methane reforming can be
coupled with CCS to enable a near-emissions free hydrogen
production from methane

• Techno-economic analysis of CCUS: Holistic approach is
required to implement CCUS

• Life cycle assessment (LCA) of CCUS: To avoid shifting of
environmental burdens

• Transportation systems: Transportation cost depends upon
well spacing and injection rate

Cost of distribution pipeline network as a 
function of well spacing and injection rate.
The cost varies over several orders of 
magnitude

CO2 transportation and injection



Cap Rock Integrity

Effects of CO2 sequestration on chemical and physical
properties of rocks

CO2 /Water/Rock interactions

Environmentally sound technologies

MEASURING: measure the amount of CO2 stored

MONITORING: maintain the storage integrity over time

VERIFICATION: ensure the stored CO2 does not pose any
threat to ecosystem

◦ Geochemical tracers, flux method, water chemistry

◦ Geophysical methods-Remote sensing, Lineaments

◦ Simulators to model sub-surface CO2 plume

Life Cycle Analysis of CCSSafety and Environment



Carbon Capture

CO2 utilization

CO2 sequestration

Cross-cutting systems

• Nanofluid amine 
based solutions

• Modified membrane 
based CO2 separation

• Aqueous solution-
based CO2 capture 

• CO2 valorization

• Methanol production

• High value organics

• CO/CH4 generation

• CO2 transportation

• Life-cycle analysis

• Techno-economic analysis

• Bioenergy based CCS (BECCS)

• Environmental Impact Assessment

• Country-wide capacity 
assessment

• Source-sink matching

• Enhanced oil recovery

• Enhanced CBM recovery

National Centre of Excellence in Carbon Capture and Utilization
(Estd. 2021)
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Carbon Capture Model

Showcase for explaining the principles of CCS

S&T Communication: CCS

Carbon Storage Model
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CCUS Mumbai - 2016

CCUS Mumbai - 2018

DST Roadmap - 2018

CCUS Capacity Building and Roadmap for INDIA

CCUS in Curriculum - 2022
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India in Global CCUS competitions

CCS X-Prize – 2021 for demonstration of CO2 removal

A trimodular CO2 capture, conversion and storage system

Team: Anwesa, Shubham, Srinath, Manasi 
Mentors: Profs. Arnab and Vishal

Minus CO2 – 2022 on Quantitative assessment of the CO2

Storage potential of the Scotian Shelf

Team: Firdush Hussain, Sonal Janagal, Arpita 
Chakraborty, Sushmita Mastud, Rhythm Shah

Mentors: Profs. Bharath, Sudipta and Vishal



Ketzin, Germany 
(67 Kt)

Cranfield, USA
(>5 Mt)

Weyburn-Midale
(>30 Mt)

Petra Nova, USA
(4 Mt)

Quest, Canada
(5 Mt)

Gorgon, Australia
(5 Mt)

CO2 Storage Projects
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Global CCS Institute

Funding and clustering: Policies driving CCUS



Leading Global CCS CentersRoad Ahead

Tremendous efforts for reduction of CO2 emissions required.

CCUS is a key mitigation strategy. 

India to account for ~20% of global industrial CCS by 2060 – IEA.

Accelerated R&D, collaborative efforts, international and  industrial 
engagements, capacity building, policy support, funding required. 

Although the problem of CO2 emissions is global, the solution for 
each reservoir is unique.

1.5 C 2 C

Cumulative CO2

removal (Gt)
680 490

CO2 removal/yr (Gt) ~9 ~6



SELECT PUBLICATIONS 



CO2 Utilization-Storage : ECBMR/ EOR / Saline Aquifer
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CO2 capture technologies



CO2 Capture and CO2 Valorization



CO2 reduction and H2 oxidation



CO2 Utilization



Techno-economics and life-cycle studies on CCUS



Thank you for the opportunity 
and for your kind attention


