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Disclaimer

The ideas, comments and/or conclusions exposed during this presentation and
slides are for informational purposes only. The content to express author opinions
based on public information and they are not the official positions of any
organization, including the current employer of the author the organizers of this
event (ANH), the University of Oklahoma, AAPG, SPE, ACGGP or any other people,
association, institute, and/or universities mentioned during the presentation.
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https://cdiac.ess-dive.lbl.gov/GCP/

Average Values 2007-2015
(GtCO2/yr)

CO2 Sources Gt/yr:
Emissions: 34.1 ± 1.7
Land Use: 3.5 ± 1.8 

CO2 Sinks Gt/yr:
Land: 11.5 ± 3.1 
Ocean: 9.7 ± 1.8

Total: 16.4 ± 0.4 Gt/year

Aprox 50% of emissions
Remain in the atmosphere





The CO2 Issue !





Phanerozoic_Carbon_Dioxide.png

Natural CCS

By Getty Images

Artificial CCUS

Carbon capture, utilisation and storage (CCUS) refers to a suite of technologies that can play an important and 
diverse role in meeting global energy and climate goals.

Molinares et al., 2018

https://upload.wikimedia.org/wikipedia/commons/7/76/Phanerozoic_Carbon_Dioxide.png


Further detail can be found in the IEA report “Putting CO2 to Use”.

https://www.iea.org/reports/putting-co2-to-use








MyEarth Adva Klima JouleBug

Do you know your personal CO2 footprint?



Do you know your company CO2 footprint?

Current methodologies may be grouped 
into two families:

1) Single-issue methodologies, covering only 
emissions and impacts related to climate change

• The ISO 14067 standard
• PAS 2050
• GHG Protocol Product Standard

2) Methodologies used to determine the PEF*

• Product Environmental Footprint (PEF)
• BP X30-323-0
• EN 15804

*Product Enviromental Footprint (PCF)

All standards mentioned above are built on the principles established in ISO 14040 and ISO 14044. They also seek alignment with the latest reports of the IPCC



Credits and thanks to my daughter  



IPCC Scenarios World Energy Outlook 

*STEPS= Stated Policies Scenarios; APS = Announced Pledges Scenario; SDS = Sustainable Development Scenario; NZE = Net Zero Emissions by 2050 Scenario
Source: EIA https://safety4sea.com/wp-content/uploads/2021/10/IEA-WorldEnergyOutlook-2021_10.pdf

The APS sees a doubling of clean energy investment and financing over the next decade, but this acceleration is not 
sufficient to overcome the inertia of today’s energy system and emissions.
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Carbon Storage Under a SDS scenario 

Source: IEA World Energy Outlook 2021 and the Stanford Center for Carbon Storage

To get a 9% emissions reductions: 

➢ Carbon capture with permanent 
storage (CCS) or utilization of the 
captured CO2 (CCU) are tools for 
reducing emissions

➢ 27 CCS Projects in Operation 
capturing 37 Mt CO2/ yr

➢ 3.5 GT /yr of CO2 have to be 
captured and stored by 2050

1 Gt = 1 billion tons
1 Mt = 1 million tons



1 Gt = 1 billion tons
1 Mt = 1 million tons

Pre-pandemic (2019) Global Oil Production
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Source: IEA World Energy Outlook and the Stanford Center for Carbon Storage

➢ 2020 25 CCS Projects in Operation capturing 
37 Mt CO2/ yr

➢ by 2040 > 2000 CCS facilities operating are 
required (1.5 Mt/yr)

➢ Capex of USD$ 665-1280 Billons 

The CCS GAP for the SDS Scenario 



https://cdn.catf.us/wp-content/uploads/2022/01/26092133/overview-carbon-management-projects.pdf



* First CCS facility 1971, Terrel Gas Plan TX

https://www.iea.org/reports/about-ccus



Potential Carbon Capture Hubs and Emissions by Regions and Industries

Source: GPI 2021CO2 is currently shipped in small quantities for use in the food and beverage industry Norway’s Longship 
CCS project will be the first to transport large quantities of CO2 to an offshore CO2 storage site



Environmental Protection Agency (EPA) regulates the Underground Injection Control (UIC)*
more than 740,000 injection wells

There are two primary UIC well classes that cover CO2 injection projects, Class II and Class VI.

Class I
wells are used to inject hazardous and non-hazardous wastes into deep,
confined rock formations.

Class II
wells are used to inject fluids (e.g., CO2 and brine) associated with oil
and natural gas production. Geologic storage of CO2 in such operations
can be incidental. 180,000 Class II wells are in US and over 2 billion
gallons of fluid are injected underground each day.

Class VI wells are used to inject CO2 into deep geologic formations
solely for the purpose of permanently storing CO2, which is often
referred to as dedicated storage. EPA provide specific regulations for
projects where the purpose is dedicated geologic storage. Wells must
be sited, constructed, tested, monitored, funded, and closed once
injection activities are completed



The 2020 Energy Act required a cross-cutting, inter-agency report on carbon
capture, utilization, and storage to be submitted to the Congressional
Committees on Environment and Public Works, Energy and Commerce, and
Natural Resources and Transportation by the Chair of the Council on
Environmental Quality (CEQ).

The CEQ released its report in June 2021
https://www.whitehouse.gov/wp-content/uploads/2021/06/CEQ-CCUS-Permitting-Report.pdf

On February 15, 2022, the Biden administration released a fact sheet announcing a 
suite of actions to advance decarbonization efforts across multiple agencies

https://www.whitehouse.gov/briefing-room/statements-releases/2022/02/15/fact-sheet-
biden-harris-administration-advances-cleaner-industrial-sector-to-reduce-emissions-and-
reinvigorate-american-manufacturing/

https://www.energy.senate.gov/services/files/32B4E9F4-F13A-44F6-A0CA-E10B3392D47A

On November 15, 2021, President Biden signed the historic bipartisan 
Infrastructure Investment and Jobs Act (IIJA) into law. The IIJA includes $12 billion 
over five years for carbon management, storing CO2 and lowering emissions 
(SCALE ACT) 

https://carboncapturecoalition.org/wp-content/uploads/2021/03/SCALE-Act_Fact-Sheet-1.pdf







Modified from Yáñez et al., 
2020 

Yáñez et al., 2018; Ecopetrol;  IDEAM 
2016 

Cluster 1

Incremental oil recovery potential based on the CO2 
supplied by sector and clusters for CCS-EOR in 
Colombia.

ECOPETROL REFINERY BARRANCABERMEJA (2018) 

3 Key data about 
Colombia:

• The most needed 
reductions are 
associated with 
transport and land use

• 1.5-1.6 times Natural 
Gas Production

• 4 o 5 times electricity 
capacity need it



Fuente: IDEAM 2004, 2020

Cuba is the only country with less emission per capita than Colombia 
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By Cindy Yeilding – BP America



Oil and Gas CCS
Reservoir Confining Zone

Lowest Known Oil Plume

EUR Fate

Seal Cap rock

Production Injection

Surveillance Monitoring

Basement Basal zone

Retention Containment

Disposal Storage

Imbibition* Drainage

Recovery Factor Storage Efficiency Factor

Reserves Storage Capacity

Sources: SPE 2017 SRMS, DOE CCS Atlas.

“clean energy jobs transition”



Structural/Stratigraphic Residual

Solubility Mineral Trapping

Geological Trapping Mechanisms for CO2

Source: Hermanrud et al., 2009 and the Stanford Center for Carbon Storage



https://www.iea.org/reports/about-ccus





CO2 Properties. Bachu 2021

“clean energy jobs transition”

N. Gupta 2019

Courtesy: Carlos Bahamon Oxy



“clean energy jobs transition”

Science of Carbon storage in deep Saline Formations., 2018.

Engineering Skills needed for CCS/CCU

(1) Sweep efficiency during EOR floods, and 
methods for improving it

(2) large injection rates are possible without 
exceeding original reservoir pressure, but only when 
correspondingly large fluid-production rates are 
maintained, capillarity issues

(3) Detecting injected fluid movement in a reservoir 
remains a challenge (wellbore and reservoir)

(4) surface CO2 leaks detection and no caprock 
breaches during EOR or storage

Courtesy: Carlos Bahamon Oxy



Time lapse seismic data in the Utsira Formation

Source: Stanford Center for Carbon Storage

Hermanrud et al., 2009

The Sleipner CCS project (offshore Norway) was the world's first commercial CO2 storage project (1996)
The West field contains up to 9% CO2 which is injected into Utsira saline formation 800m below the seabed.



Employment growth to 2030

Source: IEA World Energy Outlook 2021

**APS = Announced Pledges Scenario; NZE = Net Zero Emissions by 2050 Scenario



Natural Gas will power the energy transition

Source: IEA World Energy Outlook 2021



EJ

*EJ is exajoules = 23.88 Mtoe Source IEA 2021

Natural Gas will power the energy transition



Natural Gas will power the energy transition
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o CCS/CCU is an emerging topic with great employment opportunities in 

near and long future

o > 2,000 CCS facilities need be operating by 2040 to meet 9% 

emissions contribution associated with CO2 storage and the Oil and Gas 

fields provide an ideal repository for CO2 

o The technical skill associated with EOR/Reservoir characterization 

gained in school by O/G workers (students) will also be applied in CO2 

storage projects (Back to the basics)

o Where to learn about CCU/CCS? 

Remarks



BOOKS JOURNALS

Courtesy: Carlos Bahamon Oxy

https://mitpress.mit.edu/books/carbon-capture
https://www.geoexpro.com/articles/2017/12/geological-storage-of-co2-in-deep-saline-formations
https://www.wiley.com/en-us/Geological+Storage+of+CO2%3A+Modeling+Approaches+for+Large+Scale+Simulation-p-9780470889466
https://link.springer.com/book/10.1007/978-3-030-33113-9
https://www.elsevier.com/books/science-of-carbon-storage-in-deep-saline-formations/9780128127520
https://onlinelibrary.wiley.com/doi/epdf/10.1002/ghg.2073
https://www.ipcc.ch/report/carbon-dioxide-capture-and-storage/
https://www.journals.elsevier.com/international-journal-of-greenhouse-gas-control
https://www.aapg.org/publications/special-publications/books/details/Articleid/4441/carbon-dioxide-sequestration-in-geological-media-state-of-the-science
https://www.cambridge.org/core/books/geophysics-and-geosequestration/4FFDBE4D3742434C8623C1BEC1BFA90C


Where to Study 

Australia

Scotland. (Msc Carbon Mngt)

Norway

Worldwide Univ. Of Sao Paulo, Brazil

Canada

United Kingdom

https://sccs.stanford.edu/
https://www.minesnewsroom.com/news/colorado-school-mines-launch-first-its-kind-online-certificate-carbon-capture-utilization-and
https://www.egi.utah.edu/research/carbon-management
https://www.ou.edu/mcee/mpge/research/carbon-capture--utilization---storage
https://ecms.adelaide.edu.au/petroleum-and-energy-resources/our-research
https://www.hw.ac.uk/uk/schools/engineering-physical-sciences/institutes/mechanical-process-energy-engineering/centre-innovation-carbon-capture-storage-ciccs-.htm
https://www.ntnu.edu/energy/ccs
https://www.beg.utexas.edu/gccc
https://www.rcgi.poli.usp.br/carbon-capture-and-utilization-ccu/
https://www.uregina.ca/external/communications/releases/current/nr-04162021.html
https://uh.edu/uh-energy/research/ccme/


Events

https://ccus.aapg.org/2022


The CFC, HCFCs and other Ozone killers

https://svs.gsfc.nasa.gov/30731




