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Why Carbon Capture and Storage?
A Gentle Introduction to Energy Transition
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CCUS – What it is and Why it Matters to You
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Overall Context
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Energy v/s Human Development Index
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▪ Transition #1 –
biomass to coal –
early 20th century

▪ Transition #2 – coal 
to oil – after 2nd world 
war (peaks in 1970s)

▪ Transition #3 – high-
carbon to low-carbon 
economy – ongoing

▪ Fossil fuels account for 
~80% of global mix 
(steady since 1970)
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Worldwide CO2 Emissions Trends

World – 35 Gt
China – 11 Gt
USA – 5.3 Gt
EU-27 – 2.9 Gt
India – 2.6 Gt
Russia – 1.7 Gt
Germany – 0.7 Gt
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Global Warming and CO2
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Contributors to Warming 

Source: IPCC, AR6, 2021
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Climate – What Has Happened

Source: IPCC, AR6, 2021
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Limiting Future Climate Change

The Paris Agreement (2015) has an objective of 
“holding the increase in the global average temperature 
to well below 2 °C above pre-industrial levels and pursuing 
efforts to limit the temperature increase to 1.5 °C 
above pre-industrial levels” to minimize climate change impacts

Source: http://archive.epa.gov
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Every Ton of CO2 Adds to Global Warming

Source: http://archive.epa.gov

Source: IPCC, AR6, 2021

Near-term reduction 
of CO2 emissions from 
large point source 
emitters  Carbon 
Capture & Storage (CCS)
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Example Decarbonization Pathway

1.8 OC rise by 2100

Carbon Capture, 
Utilization & Storage

IEA Sustainable Development Scenario (SDS) reduces CO2 emissions while also tackling 
air pollution, achieving universal energy access, and assessing implications for water 
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Energy Sector Transformation in the SDS

Source: IEA, 2018
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CCS Key Player in IPCC 2022 Call to Action

Role for CCS
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Elements of CCS System

Source: Rubin, AAAS, 2010
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Aspects of CCS Deployment

Geological 
CO2 Storage

Capacity

Injectivity

Monitoring

Risk 
Assessment

Economics

Permitting

Storage resource potential

Injection dynamics

Plume/leakage tracking

Containment loss

Cost, revenue

Regulatory compliance
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Revenue Sources for CCS Projects 
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EU ETS (Emissions 
Trading Scheme) with 
European Emissions 

Allowance (EUA) permits

$60/ton

CO2-EOR with 
associated storage 

$85/ton

Sequestration in 
saline aquifers

$130/ton

Direct air capture 
with CO2-EOR

$180/ton

Direct air capture 
& sequestration

USA - 45Q Tax Credits
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Cost of Carbon Capture and Storage

Source: IEA (2021), Is Carbon Capture Too Expensive?SM - 08Mar23 - ET

Maas , ZEP presentation, 2021 (ieaghg.org)

https://ieaghg.org/docs/General_Docs/Iron%20and%20Steel%20Presentations/20%20Maas%20ZEP%20COSTOFSTORAGE%20STEELCCS%20091111.pdf
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CCS Projects by Source

Current capacity – 40 Mtpa
In the pipeline – 130 Mtpa
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Why Hydrogen?

▪ H2 is carbon free energy carrier and feedstock to 
many industrial processes

▪ Potential role in decarbonizing multiple sectors 
(power, transport, cement/steel)

▪ Demand could exceed 530 Mtpa by 2050 –
corresponding to 6 GT CO2e emissions abatement

▪ Requires scaling up clean hydrogen production by 
250x (from 2Mtpa currently) + CCUS (!)

Source: Hydrogen Council, 2017
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Hydrogen Value Chain

CO2/H2/CH4 Storage

Source: Ma et al., RSER, 2018SM - 08Mar23 - ET
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Hydrogen Production – The Colors

Source: rff.org
SM - 08Mar23 - ET

76% 22%

$4-7/kg $2/kg $1.3/kg$1.6-2.3/kg
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Potential Clean H2 Demand for 2050

Source: Blue Hydrogen, 
Global CCS Institute, 2021; 
Hydrogen Council, 2017
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Physical Storage Options

Source: Ahluwalia et al., Argonne-DOE, 2019

Hydrogen 
Underground Storage 

(HUS)
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How to Store Hydrogen?

Salt Caverns

Saline
Aquifers

Depleted
Reservoirs
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Summary and Discussion

▪ Development  energy usage 
 CO2 emissions  global 
warming  adverse impacts

▪ Significant reductions in CO2

emissions needed to limit 
temperature increase

▪ CCS one of several key 
mitigation pathways (esp. for 
power and industrial sectors)

▪ H2 (+CCS) useful for clean 
energy, decarbonization (heavy 
industry and transportation)

SM - 08Mar23 - ET
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Dr Srikanta Mishra
Battelle, Columbus, OH

(512) 351-6038
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