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The Carbon Capture Crux 
Lessons Learned  

Executive Summary 
Carbon capture and storage (CCS) is a 50-year-old technology with variable results 
in capturing and storing carbon dioxide. Project developers have almost always 
reused the captured carbon for enhanced oil recovery (EOR), producing oil and gas 
and more emissions.  

#ÁÒÂÏÎ ÃÁÐÔÕÒÅȭÓ ÒÏÌÅ ÈÁÓ ÂÅÅÎ ÒÅÊÉÇÇÅÄ as a climate solution in recent years with its 
diverse applications being proposed to decarbonise fossil fuel plants and hard-to-
abate sectors.  

Some widely cited authorities are fuelling 
the debate on the role of this technology as 
a climate solution, including the 
International Energy Agency in both its 
Energy Technologies Perspectives1 report 
and Net Zero by 2050 report.  

This push has given a platform to 
polarising views on carbon capture 
utilisation and storage (CCUS) and carbon 
capture and storage (CCS): is it a 
greenwash to extend the life of fossil fuel 
assets2 or a panacea to avert catastrophic 
climate change consequences?3  

This report aims to shed light on the different applications and conceptualisations of 
CCUS/CCS, demystifying ÔÈÅ ÔÅÃÈÎÏÌÏÇÙȭÓ applications, concepts and categorisations. 
It explains the dichotomy between enhanced oil recovery and carbon capture within 
dedicated geological structures, and the difference between carbon capture and 
utilisation (CCU), CCUS and CCS. It uses a four-tiered structure to provide an 
overview of all carbon capture applications, which includes gas processing, power 
generation, industry application/production, and carbon dioxide removal 
technologies (CDR).  

Finally, 13 flagship cases (10 in operation, two that have failed and one that has 
been suspended) comprising about 55% of the total nominal capture capacity 

 
1 IEA. Energy Technology Perspectives. September 2020.  
2 Crikey. Vested interests: fossil-fuel fans will use IPCC report to peddle carbon capture scam.  
9 August 2021.   
3 Global CCS Institute. IPCC Report Reaffirms Carbon Capture and Storage as a Critical Technology 
for Mitigating Climate Change. 5 April 2022.  
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https://www.iea.org/topics/energy-technology-perspectives
https://www.crikey.com.au/2021/08/09/fossil-fuel-interests-ipcc-report-carbon-capture-scam/
https://www.globalccsinstitute.com/news-media/press-room/media-releases/ipcc-report-reaffirms-carbon-capture-and-storage-as-a-critical-technology-for-mitigating-climate-change/
https://www.globalccsinstitute.com/news-media/press-room/media-releases/ipcc-report-reaffirms-carbon-capture-and-storage-as-a-critical-technology-for-mitigating-climate-change/
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operating worldwide have been reviewed in detail. The projects are flagship in 
different senses, with each of them having unique aspects of importance. 

Our sample is comprehensive, enough to learn lessons about the whole sector. 
IEEFA estimates that the studied cases have captured more than two-thirds of all 
anthropogenic carbon dioxide captured in history. 

Appendix 1 summarises our case studies.  

What We Found 
Further extrapolated in our conclusion at the end of this report, we found: 

¶ Failed/underperforming projects considerably outnumbered successful 
experiences. 

¶ Successful CCUS exceptions mainly existed in the natural gas processing 
sector serving the fossil fuel industry, leading to further emissions. 

¶ The elephant in the room of the application of CCS/CCUS in the natural gas 
processing sector: Scope 3 emissions are still not being accounted for.  

¶ Captured carbon has mostly been used for enhanced oil recovery (EOR): 
enhancing oil production is not a climate solution. 

¶ Using carbon capture as a greenlight to extend the life of fossil fuels power 
plants is a significant financial and technical risk: history confirms this. 

¶ Some applications of CCS in industries where emissions are hard to abate 
(such as cement) could be studied as an interim partial solution with careful 
consideration. 
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Section 1: Introduction to Carbon Capture and its 
Applications 
Although carbon capture utilisation and storage (CCUS) technologies have been in 
use for half a century, they have gained more traction in recent years. This is 
especially true after widely cited energy authorities, such as the International 
Energy Agency (IEA), pushed them more in their  portfolio of climate solutions.  

The IEAȭs Energy Technologies Perspectives (ETP)4 report, published in 2020, 
emphasises the role of CCUS and carbon capture and storage (CCS) in the clean 
energy transition.5 The IEAȭs seminal Net Zero 2050 report, published in 2021,6 had 
similar messaging. The two reports helped rejuvenate the argument for CCUS/CCS 
as a climate solution.  

4ÈÅ )ÎÔÅÒÇÏÖÅÒÎÍÅÎÔÁÌ 0ÁÎÅÌ ÏÎ #ÌÉÍÁÔÅ #ÈÁÎÇÅ ɉ)0##ɊȭÓ ÓÉØ ÁÓÓÅÓÓÍÅÎÔ ÒÅÐÏÒÔÓ 
provided a platform for polarising voices on CCUS/CCS, namely whether it is 

 
4 IEA. Energy Technology Perspectives. September 2020.  
5 IEA. CCUS in Clean Energy Transitions ɀ Part of Energy Technology Perspectives. September 
2020.  
6 IEA. Net Zero by 2050. May 2021.  

https://www.iea.org/topics/energy-technology-perspectives
https://www.iea.org/reports/ccus-in-clean-energy-transitions
https://www.iea.org/reports/net-zero-by-2050
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greenwashing to extend the life of fossil fuel assets7 or a panacea to avert 
catastrophic climate change consequences.8 The nuance of the arguments likely 
depended on where interests lie, and truth on such a divisive topic is, of course, 
complex. 

The vastly diverse application of CCUS/CCS 
often muddles the understanding of the 
technologies, particularly for uninitiated 
stakeholders who may mistakenly think of 
CCUS/CCS as a single subject. 

CCUS/CCS is not a monolithic topic. Each 
CCUS/CCS application is largely running on 
separate tracks of maturity and cost 
projection. It covers various technologies 
and processes, contrasting environmental 
and social risks and opportunities, and 
differing mitigation potentials across 
multiple applications. 

This report sheds light on different applications and conceptualisations of 
CCUS/CCS from a historical perspective and reviews most real-world  flagship cases. 
It provides stakeholders, investors and policymakers with historical lessons from 
this technology. The report also tries to answer questions on whether CCUS/CCS is a 
climate solution in different contexts.  

That the technology is in its infancy is not a realistic view. The climate change clock 
is ticking, and time is limited for trial and error. Stakeholders should take the 
experiences gained through half a century of utilising these technologies seriously in 
strategising future pathways for overcoming high emissions and climate change.  

What are CCUS, CCS and CCU? 
CCUS encompasses three distinct parts: capture, transport, and storage or 
utilisation, as depicted in Figure 1. Carbon dioxide (CO2) captured from various 
stationary sources, such as chemical processes and power generation plants, is 
transported to sites and stored or utilised, mainly underground.  

 

 

 

 
7 Crikey. Vested interests: fossil-fuel fans will use IPCC report to peddle carbon capture scam. 9 
August 2021.   
8 Global CCS Institute. IPCC Report Reaffirms Carbon Capture and Storage as a Critical Technology 
for Mitigating Climate Change. 5 April 2022.  

The vastly diverse 
application of  

CCUS/CCS often  
muddles the 

understanding of  
the technologies. 

https://www.crikey.com.au/2021/08/09/fossil-fuel-interests-ipcc-report-carbon-capture-scam/
https://www.globalccsinstitute.com/news-media/press-room/media-releases/ipcc-report-reaffirms-carbon-capture-and-storage-as-a-critical-technology-for-mitigating-climate-change/
https://www.globalccsinstitute.com/news-media/press-room/media-releases/ipcc-report-reaffirms-carbon-capture-and-storage-as-a-critical-technology-for-mitigating-climate-change/
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Figure 1: CCUS Schematics  

 
Source: IEEFA, Carbon Capture in the Southeast Asian Market Context. 2022.  

Often this CO2 is sold as a commodity to oil and gas companies who use it to enhance 
their hydrocarbon production, hence the term enhanced oil recovery (EOR).9 In this 
sense, carbon (C) is captured (C) and then utilised (U) by pumping it into the 
depleted oil and gas fields, pushing more oil and gas out of the wells and then stored 
(S) underground.   

When CO2 (C) is captured (C) and stored (S) underground in saline aquifers or other 
underground deposits and is not used for EOR, the process is called CCS.10  

There is also a niche application of captured carbon (CC) for utilisation (U) and 
recycling into other valuable products, such as carbonates and beverages, and more 
recently products such as cement and plasterboard blocks.11 This application is 
about capturing carbon and utilising it (CCU). However, compared to CCUS and CCS, 
the share of CCU is so far negligible (Figure 2).  

 

 

 

 
9 Global Carbon Capture Storage Institute (GCCSI). Global status of CCS 2021. 2021. 
10 From now on in this report, whenever the project is EOR, the term CCUS is used and if the 
project is not an EOR project and has a dedicated geological structure to store the carbon, the 
term CCS is used.  
11 Australian National University Reporter. Cementing the future of climate action. Winter 2021.  

https://ieefa.org/wp-content/uploads/2022/04/Carbon-Capture-in-the-Southeast-Asian-Market-Context_April-2022.pdf
https://www.globalccsinstitute.com/resources/global-status-report/
https://reporter.anu.edu.au/cementing-future-climate-action
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Figure 2: Conceptualisation of CCUS vs CCS vs CCU  

 
 
Source: Sustainability Journal, MDPI, 2019. 
 

Enhanced Oil Recovery: Injecting CO2 to Emit CO2 

Historically, carbon capture applications have been dominated by enhanced oil 
recovery (EOR). 

CCUS, or EOR with CO2 (CO2-EOR), is the largest industrial use of carbon dioxide. 
The basic idea is that oil and gas companies inject the pressurised CO2 into existing 
oil and gas reservoirs to squeeze out more hydrocarbons.  

Today, EOR is the only industrial use of CO2 to have reached considerable scaleɂEOR 
projects use about 73% of the CO2 captured each year globally in recent years.12 The 
figure was higher in previous decades (see Section 2). Figure 3 shows the 
dominance of EOR in carbon capture project applications. 

 

 

 

 
12 Global CCS Institute. Global Status of CCS 2021. 2021, p. 63. 

https://www.mdpi.com/2071-1050/11/20/5834/htm
https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report_Global_CCS_Institute.pdf
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Figure 3: Dominance of Enhanced Oil Recovery in Carbon Capture 

Applications 

 

Source: Global Status of CCS Report, Global CCS Institute, 2018.  

EOR enhances the oil production rate from fields that have passed the maximum 
output rate. Therefore, oil producers can make money by revitalising oil fields with 
declining production rates.  

However, EOR itself leads to CO2 emissions both directly and indirectly. The direct 
impact is the emissions from the fuel used to compress and pump CO2 deep into the 
ground. The indirect impact is the emissions from burning the hydrocarbons that 
could not have come out without EOR (so-called ȬScope 3 emissionsȭ). When a car in 
the street or a jet plane uses EOR-induced oil, it still emits CO2.  

In sum, CO2-EOR uses carbon dioxide to produce more oil rather than curbing its 
emissions. The additional oil produced this way either gets burned or used for 
industrial processes, both resulting in CO2 emissions. Therefore, any claim that 
CO2-EOR systems ultimately reduce CO2 emissions by their nameplate capacity is an 
overstatement.13 

About three-quarters of the CO2 captured annually by multi-billion -dollar CCUS 
facilities, roughly 28 million tonnes (MT) out of 39MT total capture capacity, is 

 
13 Institute for Energy Economics and Financial Analysis (IEEFA). Boundary Dam 3 Coal Plant 
Achieves Goal of Capturing 4 Million Metric Tons of CO2 But Reaches the Goal Two Years Late. 
April 2021. 

https://www.globalccsinstitute.com/wp-content/uploads/2020/10/Global-Status-of-CCS-Report-2018_FINAL.pdf
http://ieefa.org/wp-content/uploads/2021/04/Boundary-Dam-3-Coal-Plant-Achieves-CO2-Capture-Goal-Two-Years-Late_April-2021.pdf
http://ieefa.org/wp-content/uploads/2021/04/Boundary-Dam-3-Coal-Plant-Achieves-CO2-Capture-Goal-Two-Years-Late_April-2021.pdf
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reinjected and sequestered in oil fields to push more oil out of the ground. This oil 
then gets refined, burnt and, at least partially, returned to the atmosphere.14  

According to ExxonMobil, the company has stored 120MT of CO2, 40% of the total 
anthropogenic CO2 that humans have captured.15 Therefore, the inference is that the 
total cumulative captured CO2 figure is 300MT.  

Looking at the total anthropogenic carbon that humans have captured during the 
last 50 years demonstrates that carbon capture technology has been serving the oil 
industry. IEEFA has estimated that the vast majority of the total 300MT of captured 
carbon throughout history found its use in EOR (~80ɀ90%), and a small proportion 
of carbon capture projects (~10ɀ20%) have stored carbon in dedicated geological 
structures, without using it for EOR.  

Table 1: Share of CCUS vs CCS in Capturing Carbon; 50-years Cumulative 
and 202116 

  

Source: ExxonMobil, Global CCS Institute Report 2021, IEEFA, IEEFA Estimates. 

  

 
14 Several pieces of research discuss the emissions profile of CO2-EOR systems through different 
lifecycle periods and boundaries. Some of them show that the CO2-EOR could be emission-
positive in some long-term situations and some discuss the CO2-EOR as being carbon negative. 
Most research papers generally compare the emission profile of two types of oil: the 
conventionally produced oil and the CO2-EOR-produced oil and conclude that the CO2-EOR type 
produces relatively less emissions compared to the conventional one as CO2-EOR stores some of 
the injected CO2 in the ground. It is a true but misleading comparison. In fact, the emission 
comparison should be between a CCS plant with a dedicated geological structure to sequester CO2 
and a CO2-EOR system (a CCS plant which serves the oil recovery where the captured CO2 is 
injected into the ground to produce more oil). In this case, the CO2-EOR system would produce 
more emissions considering the Scope 3 emissions when the oil is burnt plus the amount of CO2 
that comes out with the oil during the recovery process and potential fugitive emissions along the 
way of CO2 transportation.  
15 ExxonMobil. Carbon Capture and Storage.  
16For some of the projects the data on the capturing performance is not available publicly and 
their average designed capture capacity based on the Global CCS Institute annual reports have 
been used as a proxy to estimate the volume of captured carbon. Apart from the normal 
estimation error, the calculated figures are the best estimates based on the available data.  

https://corporate.exxonmobil.com/Climate-solutions/Carbon-capture-and-storage#:~:text=ExxonMobil%20has%20cumulatively%20captured%20more,that%20has%20ever%20been%20captured.
https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report_Global_CCS_Institute.pdf
https://ieefa.org/wp-content/uploads/2022/02/Carbon-Capture-to-Serve-Enhanced-Oil-Recovery-Overpromise-and-Underperformance_March-2022.pdf
https://www.mdpi.com/1996-1073/12/3/448/htm
https://www.sciencedirect.com/science/article/pii/S1750583616302985
https://corporate.exxonmobil.com/Climate-solutions/Carbon-capture-and-storage#:~:text=ExxonMobil%20has%20cumulatively%20captured%20more,that%20has%20ever%20been%20captured
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Demystifying Carbon Capture Applications  
 

As opposed to being a monolithic subject, CCUS is an aggregate of technology 
applications across varying sectors, each sector largely running in its own 
development tracks and with its own drivers and maturity level. While similarities 
in technology may exist among different CCUS applications, they may involve 
different technicalities and approaches.  

The four main domains for categorising carbon capture applications are: 

1. Gas processing 
2. Power generation 
3. Industry application/production  
4. Carbon dioxide removal (CDR) technologies  

 
Gas processing has been the main CCS application globally. The extracted raw gas 
has a CO2 content that needs removal to produce a marketable gas for distribution 
through pipelines or liquefied in LNG plants for export. Producing the primary 
usable product (i.e., natural gas) is not possible without separating CO2. That is why 
the sector has used carbon capture technology for decades, not necessarily as a 
climate-friendly solution. On top of that, selling the captured CO2,17 mainly to oil 
producers for EOR, has enhanced the economic viability of gas development 
projects.  

Power generation  is a newer use case of 
CCS to decarbonise the power sector. It is 
known as post-combustion carbon capture 
as it aims to capture the CO2 after burning 
the fuel. Pre- and post-combustion capture 
describes the stage of CO2 capture, whether 
before or after burning the fuel. The 
strategic value lies in the ability to retrofit 
existing fossil-fuelled power plants with 
carbon capture facilities. This application 
has shown that it is not commercially 
advanced and raises several environmental 
concerns. As previously reported, CCS for 
power has also faced technical challenges 
in meeting performance targets. It is not 
cost competitive with renewables and 
storage as a climate change mitigation 
option for the power sector.18, 19  

 
17 Geological Storage of Carbon Dioxide (CO2). 3 ɀ Modelling the injectivity, migration and 
trapping of CO2 in carbon capture and storage (CCS). 2013. 
18 IEEFA. 7ÈÅÒÅȭÓ ÔÈÅ "ÅÅÆȩ %ÎÃÈÁÎÔȭÓ 3ÁÎ *ÕÁÎ 'ÅÎÅÒÁÔÉÎÇ 3ÔÁÔÉÏÎ ##3 2ÅÔÒÏÆÉÔ 2ÅÍÁÉÎÓ "ÅÈÉÎÄ 
Schedule, Financially Unviable. May 2021.  
19 Ahmed Abdulla, Ryan Hanna, Kristen R Schell, Oytun Babacan and David G Victor. Explaining 
successful and failed investments in U.S. carbon capture and storage using empirical and expert 
assessments. Environmental Research Letters, Volume 16, Number 1. 29 December 2020. 

CCS is not cost 
competitive with 
renewables and  

storage as a climate 
change mitigation  

option for the  
power sector.  

 

https://www.sciencedirect.com/science/article/pii/B9780857094278500034
https://www.sciencedirect.com/science/article/pii/B9780857094278500034
https://ieefa.org/wp-content/uploads/2021/05/Enchant-Energys-Proposed-San-Juan-Carbon-Capture-Project_May-2021.pdf
https://ieefa.org/wp-content/uploads/2021/05/Enchant-Energys-Proposed-San-Juan-Carbon-Capture-Project_May-2021.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/abd19e/meta
https://iopscience.iop.org/article/10.1088/1748-9326/abd19e/meta
https://iopscience.iop.org/article/10.1088/1748-9326/abd19e/meta
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Industrial applications  of CCS are very diverse. Companies use it to capture carbon 
from ethanol, methanol, fertiliser, blue hydrogen and syngas production plants. 
Also, its application extends to hard-to-abate industries, such as steel and cement 
production. Carbon capture is an established business in some industrial 
applications, such as fertilisers and ethanol, while other applications are exploring it 
for technical and commercial competitiveness at scale.  

The conclusion about whether carbon capture technologies could be part of the 
solution for the decarbonisation of industries is not that straightforward. Using 
carbon capture technologies needs careful research for each application in different 
industries and business environments. In some applications, with current high 
commodity prices, using green hydrogen is starting to look more attractive. It is 
worth studying carbon capture as an interim solution in a few others.  

Carbon dioxide removal (CDR) technologiesɂbioenergy with carbon capture 
and storage (BECCS) and direct air carbon capture and storage (DACCS)ɂare not 
well advanced technically and commercially. Theoretically, these technologies could 
offer environmental and social usefulness by capturing carbon from the 
atmosphere, thus providing the option of negative emissions, should they prove 
cost-competitive and commercially robust technologies. However, the operating 
capacity of CDR is virtually zero20 compared to the 39 million tonnes per annum 
(Mtpa) CCS industry.  

Thirteen Flagship Cases Reviewed  
This report reviewed 13 operational large-scale CCS projectsɂincluding two 
flagship projects that failed and one that was mothballedɂin terms of their history, 
economics and performance.21  

As depicted in Figure 4, we fit sub-sectors identified by the Global CCS Institute into 
three of the four main categories of carbon capture applications. There is no 
category for CDR technologies in the figure as CDR is a nascent field and as noted 
above, the operational capacity of CDR is currently close to zero compared to the 
other technologies, with just one small project in Iceland.22 

  

 
20 For example, Orca, a direct air capture facility in Iceland that opened in September 2021, has 
the capacity to remove about 4000 tonnes of CO2 a yearɂequivalent to the annual emissions of 
around 790 cars. Reuters. Worldȭs largest plant capturing carbon from air starts in Iceland. 14 
September 2021.  
21 We include in our report two case studies, the Kemper Coal Gasification project and the In Salah 
CCS projectɂboth of which failedɂso they have not been depicted in Figure 4. Also, one of these 
11 mentioned cases (Petra Nova) has been mothballed since mid-2020.  
22 Reuters. Worldȭs largest plant capturing carbon from air starts in Iceland. 14 September 2021.  

https://www.reuters.com/business/environment/worlds-largest-plant-capturing-carbon-air-starts-iceland-2021-09-08/
https://www.reuters.com/business/environment/worlds-largest-plant-capturing-carbon-air-starts-iceland-2021-09-08/
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Figure 4: Carbon Capture Case Studies 

 

Source: Global CCS Institute 2021, IEEFA.  

Natural gas processing dominates carbon capture projects with about 69% of total 
operational capacity worldwide. It is followed by industrial application, with about 
25% of total capacity. Industrial applications with at least one operational CCS 
project include iron and steel, hydrogen, ethanol, fertiliser, and other chemical 
production. And a tiny proportion of about 6% is from the power generation sector. 
Considering the Petra Nova project shut down in 2020, the figure for power 
generation would be less than 3%.  

In this report , we study five flagship projects in the gas processing sector to share the 
lessons from their technical performance and business processes. Four projects are 
operational, namely Shute Creek in the U.S., Sleipner  and Snøhvit  in Norway and 
Gorgon in Australia. The Norwegian cases are important as they have been among 
the few cases that could meet their designed capturing rate, mostly thanks to the 
unique regulatory/  business environment for Norwayȭs oil and gas companies. 
Regarding their capture capacity, these four projects account for about half of the 
active CCS projects in the natural gas processing sector. Despite having some 
successful projects in this sector, several projects have underperformed their 
designed capture rate. We look at one such project, In Salah in Algeria. 

Next we study three projects that have operated in the power sector: Petra Nova 
and Kemper  in the U.S. and Boundary Dam  in Canada. Petra Nova was mothballed 
indefinitely in 2020 and the Kemper coal gasification project failed. The report 
investigates the reasons. Petra Nova and Boundary Dam are the retrofits of two old 
coal power plants.  

Finally, we have chosen five important projects to study for the industrial 
applications of carbon capture. We study these flagship cases in different sub-

https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report_Global_CCS_Institute.pdf
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sectors of the industry: the Quest project in the hydrogen production sub-sector; 
the Great Plains CCUS project in the chemical production sub-sector; the Illinois 
Industrial CCS project in the ethanol production sub-sector; Coffeyville  in the 
fertiliser production sub-sector; and Abu Dhabi CCUS in hard-to-abate industries 
worldwide . These five projects account for about 65% of the current capacity of 
CCS/CCUS projects in industrial applications.  

As this report analyses the carbon capture technology through a historical 
perspective and focuses on existing projects to derive lessons from failures and 
successes, it does not include any studies of CDR projects. 

We cover all 13 flagship projects considering criteria such as their importance, 
availability of data, age, capacity and performance. Each project has had a unique 
aspect of importance, cumulatively accounting for around 55% of the total current 
operational capacity worldwide. Therefore, this sample is comprehensive enough to 
learn lessons about the whole sector.  

IEEFA estimates that the studied cases have captured more than two-thirds of all 
300MT of anthropogenic CO2 in history.  
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Section 2. Carbon Capture Application in the Natural 
Gas Processing Sector 
Gas processing has been the main CCS/CCUS application globally, with about 70% of 
current total operational capacity worldwide. Essentially for every 10 CCS/CCUS 
projects, seven projects are in the natural gas processing sector today. 

Looking back a decade, the figure was about 86% before 2011 and more than 98% 
pre-2000 (Figure 5). These figures demonstrate the historical dominance of natural 
gas processing as an application of carbon capture technology.  

The key point about this application of CCS/CCUS is that producing the primary 
usable product (i.e., natural gas) is not possible without separating CO2.  

The extracted raw gas from any gas field has CO2 content ranging from less than 
3%23 to 80%24 in rare cases. This needs to be removed to produce a marketable gas 
for distribution through pipelines or liquefied in LNG plants for export. Therefore, 
capturing carbon was a part of the production process for oil and gas companies, 
regardless of the ultimate disposal or use of carbon dioxide (i.e., venting or using it 
for another purpose).   

  
 

23 IEEFA. Should Santosȭ Proposed Barossa Gas ȬBackfillȭ for the Darwin LNG Facility Proceed to 
Development? March 2021.  
24 Energy Procedia. Worldwide development potential for sour gas. April 2011.   

http://ieefa.org/wp-content/uploads/2021/03/Should-Santos-Proposed-Barossa-Gas-Backfill-for-the-Darwin-LNG-Facility-Proceed-to-Development_March-2021.pdf
http://ieefa.org/wp-content/uploads/2021/03/Should-Santos-Proposed-Barossa-Gas-Backfill-for-the-Darwin-LNG-Facility-Proceed-to-Development_March-2021.pdf
https://www.sciencedirect.com/science/article/pii/S1876610211003018?pes=vor
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Figure 5: Historical Natural Gas Processing Share in CCS/CCUS 

Applications 

 

Source: Global CCS Institute 2021,25 IEEFA.  

From a historical perspective, climate concerns did not figure in CCUS/CCS 
projects commissioned before the mid-1990s. In fact, the narrative around 
CCUS/CCS projects before the global community started to take climate change 
risks more seriously (i.e., since the Kyoto protocol of 1997) was more about 
economics than the environment. The only thing is that since the 1970s, oil and 
gas companies have decided to derive value from a CO2 by-product, which used to 
be vented.  

The reason was that in the 1970s and early 1980s, a massive supply shortage in the 
oil marketɂdue to Iranȭs revolution and its consequent war with Iraqɂpushed oil 
prices up dramatically. Oil companies, on the other hand, were seeking to increase 
the dropped production rate from their depleting oil wells in the U.S. Pumping CO2 
into the depleted wells to enhance the oil recovery was a promising solution.    

Abundant captured CO2 from the natural gas processing plants was among the most 
important driving forces behind developing CO2-EOR technologies. Shute Creek 
Treating Facility in the U.S., the largest CCUS/CCS facility (7Mtpa) in the world, 
belongs to this era. 

 
25 Excluding suspended Lost cabin and Petra Nova Projects.  

https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report_Global_CCS_Institute.pdf
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The economic narrative of using CO2 for EOR gradually started to change in the 
1990s towards an environmental one that sees carbon capture as a climate solution. 
The Sleipner project, commissioned in 1996, was the first carbon capture project 
with a dedicated geological structure (CCS), and the ultimate destination of captured 
CO2 was a saline formation. Furthermore, it was the first project capturing CO2 and 
not using it for EOR.  

Due to the regulatory and business environment in Norway, Sleipner has been 
among the most successful projects of its kind, followed by another Norwegian 
project, Snøhvit, commissioned in 2007.  

With the changing narrative, some authorities started to regulate oil and gas 
developments conditional on having a CCS facility to capture and sequester the 
CO2 emissions of the field. The failed Gorgon project in Australia is an example.  
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Case Studies 
In this section, we review Shute Creek, Sleipner, Snøhvit, and Gorgon in terms of 
their performance, history and economics.  

 

 

 

Shute Creek was commissioned in 1986 by ExxonMobil near the LaBarge field in 
southwest Wyoming, U.S. Gas from the field comprises just 21% methane (regarded as 
the marketable gas) and 65% CO2τas such, it is considered among the highest CO2 and 
lowest thermal energy content commercially produced gas in the world.  

CƻǊ {ƘǳǘŜ /ǊŜŜƪΩǎ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ ǘƻ ǿƻǊƪΣ ŎƻƴǎƛŘŜǊƛƴƎ ǊŜǾŜƴǳŜ ǎǘǊŜŀƳǎ ŦǊƻƳ ǎŜƭƭƛƴƎ 
products other than methane was inevitable. There was abundant CO2 from LaBarge 
and, at the time of commissioning, nearby fields in Colorado and Wyoming were thirsty 
for CO2 for enhanced oil recovery (EOR). Carbon capture was integral to the business 
ƳƻŘŜƭΩǎ ŎŀǎƘ ƎŜƴŜǊŀǘƛƻƴΦ  

Oil prices were high when the project was 
conceived in the early 1980s. After the project 
was commissioned, the tacit assumptions of long-
ǘŜǊƳ ƘƛƎƘ ƻƛƭ ǇǊƛŎŜǎ ŀƴŘ ƻŦ ƻƛƭ ǇǊƻŘǳŎŜǊǎΩ ƻƴƎƻƛƴƎ 
inflated demands for CO2 for EOR were proved in 
error with two decades of a bearish oil market 
with low prices.  

{ƘǳǘŜ /ǊŜŜƪ ōŜŎŀƳŜ ŀ ά{Ŝƭƭ ƻǊ ±Ŝƴǘέ ǇǊƻƧŜŎǘΦ Lǘ 
could either sell the CO2 to third parties or vent 
the CO2 when prices were low and EOR was 
uneconomic. The excess CO2 that could not be 
sold for EOR has been vented over the years. 

As part of the Shute Creek Treating Facility, the carbon capture plant originally captured 
about 4.3Mtpa.26 In 2008, the Oil and  Dŀǎ /ƻƴǎŜǊǾŀǘƛƻƴ /ƻƳƳƛǎǎƛƻƴ ǉǳŜǎǘƛƻƴŜŘ 9ȄȄƻƴΩǎ 
effort to market the CO2 and examined possible changes to the permit to vent. Exxon 
started an expansion project, completed in 2010, that delivered 50% more capture 
capacity (6ς7Mtpa).27  

²ƛǘƘ ŀ ƴƻƳƛƴŀƭ ŎŀǇŀŎƛǘȅ ƻŦ ŀōƻǳǘ тaǘǇŀΣ {ƘǳǘŜ /ǊŜŜƪ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ //{ ŦŀŎƛƭƛǘȅΦ28  

 
26 ZeroCO2.no. Shute Creek.  
27 Massachusetts Institute of Technology. LaBarge Fact Sheet: Carbon Dioxide Capture and 
Storage Project.  
28 Global CCS Institute. Global Status of CCS 2020. 2020.  

Shute Creek  
became a  
ά{Ŝƭƭ ƻǊ ±Ŝƴǘέ  

project. 

 

Shute Creek 

The Largest and the Third Oldest CCUS Project in the World 

 

http://www.zeroco2.no/projects/shute-creek
https://sequestration.mit.edu/tools/projects/la_barge.html
https://sequestration.mit.edu/tools/projects/la_barge.html
https://www.globalccsinstitute.com/wp-content/uploads/2021/03/Global-Status-of-CCS-Report-English.pdf
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The plant has captured more anthropogenic CO2 than any other carbon capture project 
in the world29 but it belongs to an era in which there was little public discussion about 
climate change and little climate-friendly motivation behind commissioning such 
projects.  

Economics and Performance 

The original cost for the whole Shute Creek Treating Facility, including the capturing 
facility, was US$170 million. In 2010 an extra US$86 million was provided to expand the 
carbon capture facility from 4.3Mtpa to 7Mtpa.30  

In February 2022, ExxonMobil made the final investment decision to expand its carbon 
capture at La Barge by 1.2Mtpa at an estimated cost of $400m. It is expected that the 
expansion will be operational by 2025.31 

The gas composition entering Shute Creek is 65% CO2, 21% methane, 7% nitrogen, 5% 
hydrogen sulphide (H2S) and 0.6% helium. The Shute Creek Treating Facility separates 
CO2, methane and helium for sale. Concentrated acid gas stream, which includes 40% 
CO2, is also injected into a carefully selected section of the same reservoir removing and 
storing approximately 0.4MT of CO2 per year that is not sold for EOR.  

The facility was not planned to have a dedicated geological structure for CO2 storage, 
ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ƛǘǎ ά{Ŝƭƭ ƻǊ ±Ŝƴǘέ ǎǘŀǘǳǎΦ ²ŜǊŜ ǘƘŜǊŜ ŀ ŎǳǎǘƻƳŜǊ ǘƻ ōǳȅ ǘƘŜ /h2, it would 
be captured, compressed and transported. With fewer customers in the time of low oil 
prices, the excess captured CO2 would be vented.  

In the first 17 years of weak oil prices, from the beginning of the project to 2003, the 
plant rarely captured and sold more than 2Mtpa. Since then, soaring oil prices enabled 
Shute Creek to sell more of its CO2 for EOR, volumes increasing until 2014 in step with 
historically high oil prices. From 2014 to 2020, despite oil prices starting to fall, 
ExxonMobil still managed to sell a high volume of CO2 for EOR.32  

Figure 6 summarises the performance of the Shute Creek CCUS plant over its 35-year 
lifetime. Despite its improved performance over recent years, the plant has reached 
its capturing capacity target (about 75% of total CO2 emissions) in only a few of those 
years. At all other times, the plant has fallen short, mostly by a wide margin.  

On average, the Shute Creek CCUS facility has fallen short of its capacity by about 36% 
over its lifetime, translating to approximately 66MT of CO2 released into the 
atmosphere. Essentially, just half of CO2 emissions captured and the other half vented. 

  

 
29 Global CCS Institute. Global Status of CCS 2021. 2021. 
30 IEEFA. Carbon Capture to Serve Enhanced Oil Recovery: Overpromise and Underperformance. 
March 2022. 
31 Exxon Mobil. ExxonMobil to expand carbon capture and storage at LaBarge, Wyoming, facility. 
25 February 2022. 
32 ExxonMobil. Energy and Carbon Summary. 2021, 2020, 2019.  

https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report_Global_CCS_Institute.pdf
https://ieefa.org/wp-content/uploads/2022/02/Carbon-Capture-to-Serve-Enhanced-Oil-Recovery-Overpromise-and-Underperformance_March-2022.pdf
https://corporate.exxonmobil.com/News/Newsroom/News-releases/2022/0225_ExxonMobil-to-expand-carbon-capture-and-storage-at-LaBarge-Wyoming-facility
https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/Energy-and-carbon-summary.pdf
https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/2020-Energy-and-carbon-summary_archive.pdf
https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/2019-Energy-and-Carbon-Summary_archive.pdf
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Figure 6: Capturing Performance Trend of the Shute Creek CCUS Plant 

(1987ς2020) 

 
Source: IEEFA Estimates, ExxonMobil Energy and Carbon Summary Reports 2019, 2020, 2021. -- 
Energy Procedia. 

Figure 7 provides a lifetime performance snapshot of the Shute Creek CCUS plant.  

To the end of 2020, IEEFA estimates the treating facility on its own directly produced 
240MT of CO2, of which about 47% (114MT) was captured and used to recover oil (EOR).  

Over its lifetime, about 3% of total CO2 emissions has been sequestered in the same 
geological formation from which the feeding gas is extracted. The remaining 50% of the 
CO2 content of the Shute Creek gas, estimated at about 120MT, has been vented. These 
numbers suggest that the CCUS plant has reduced the gas at the Shute Creek field only 
from extremely high CO2 content (65%) to very high (33%).  

To put it into perspective, that figure of 120MT is greater than the combined national 
emissions of Norway, Sweden and Finland in 2018, according to the World Bank.33 

  

 
33 The World Bank. CO2 emissions(kt) ɀ Norway, Sweden, Finland. 

https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/2019-Energy-and-Carbon-Summary_archive.pdf
https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/2020-Energy-and-carbon-summary_archive.pdf
https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/Energy-and-Carbon-Summary.pdf?la=en&hash=9C9C45F0660AEB09B71D140B200C565B40D46872
https://www.sciencedirect.com/science/article/pii/S1876610211008101
https://data.worldbank.org/indicator/EN.ATM.CO2E.KT?locations=NO-SE-FI
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Figure 7: Shute Creek CCUS Lifetime CO2 Capture Performance  

 
Source: IEEFA Estimates, ExxonMobil Energy and Carbon Summary Reports 2019, 2020, 2021. ς 
Energy Procedia. 

 

 
Sleipner 

Sleipner CO2 Storage Project, commissioned in 1996 and located in the Central North 
{Ŝŀ ōŜǘǿŜŜƴ ǘƘŜ ¦Y ŀƴŘ bƻǊǿŀȅΣ ǿŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŎƻƳƳŜǊŎƛŀƭ ŎŀǊōƻƴ ŎŀǇǘǳǊŜ 
project with a dedicated geological structure for CO2 sequestration.34 It was also the 
ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ //{ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ŀ ŘŜŜǇ ǎŀƭƛƴŜ ǎǘƻǊŀƎŜ ǊŜǎŜǊǾƻƛǊ ŀƴŘ 
the first large-scale CCS project to become operational in Europe.35 To date, it has been 
ŀƳƻƴƎ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǎǳŎŎŜǎǎŦǳƭ όƛŦ ƴƻǘ ǘƘŜ Ƴƻǎǘ ǎǳŎŎŜǎǎŦǳƭύ carbon capture projects, 
reaching its target capacity throughout many years of operation with no evidence of 
leakage or harmful CO2 movement in the formation.  

The natural gas produced from the Sleipner West field contains 4ς9% CO2, so needing to 
be reduced to less than 2.5% to produce marketable gas. The additional proportion of 
the CO2 content of the extracted gas from the field is captured and pumped back to the 
Utsira geological storage, a 200ς250 metres thick massive sandstone formation. The 

 
34 Massachusetts Institute of Technology. Sleipner Fact Sheet: Carbon Dioxide Capture and 
Storage Project.  
35 Global CCS Institute. Introduction to Industrial Carbon Capture and Storage. June 2016.  

Sleipner and Snøhvit: Norwegian Successful Experiences  

https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/2019-Energy-and-Carbon-Summary_archive.pdf
https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/2020-Energy-and-carbon-summary_archive.pdf
https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/Energy-and-Carbon-Summary.pdf?la=en&hash=9C9C45F0660AEB09B71D140B200C565B40D46872
https://www.sciencedirect.com/science/article/pii/S1876610211008101
https://sequestration.mit.edu/tools/projects/sleipner.html
https://sequestration.mit.edu/tools/projects/sleipner.html
https://www.globalccsinstitute.com/wp-content/uploads/2019/08/Introduction-to-Industrial-CCS.pdf
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estimated storage capacity is 600 billion tonnes of CO2. Studies have shown that there is 
no leakage of the CO2 from this formation into other horizons.36 

The main motivation for adding this extra step in the hydrocarbon processing facility 
thereτinstead of venting the gasτwas the Norwegian CO2 tax introduced in 1991.  

The capturing and injection capacity of the project is between 0.85Mtpa37 and 1Mtpa38 
as cited by different sources.39, 40 The project stakeholders are Equinor as the operator 
(~58.3%), ExxonMobil (~17.2%), LOTOS Exploration and Production Norge (15%) and 
KUFPEC (~9.4%).41 

The experience from Sleipner was effective in designing and implementing different 
regulatory frameworks for carbon storage around the world. For example, it was used as 
a guide for the EU Directive on geological storage of carbon dioxide (adopted by the 
European Parliament in 2009). Amendments to the London Protocol and the Convention 
for the Protection of the Marine Environment of the North-East Atlantic (or OSPAR 
Convention) to allow for CO2 storage in offshore geological formations also used the 
Sleipner project as a benchmark.42 

Snøhvit 

Snøhvit is a liquefied natural gas (LNG) development in the Barents Sea off northern 
Norway, commissioned in 2007. The extracted gas contains 5ς8% CO2 by volume, which 
is solidified into dry ice under the pressure and temperature conditions of liquefying 
natural gas and therefore must be removed before the gas is processed into LNG.  

!ǎ ǘƘŜ bƻǊǿŜƎƛŀƴ ƎƻǾŜǊƴƳŜƴǘ ƳŀƴŘŀǘŜŘ //{ ŀǎ ŀ ŎƻƴŘƛǘƛƻƴ ǘƻ ŀǇǇǊƻǾŜ {ƴǄƘǾƛǘΩǎ 
licence, Equinor, the operator of the project, proceeded on a carbon capture project to 
avoid venting the separated CO2 from the field. Instead of venting, after the 
unprocessed raw natural gas stream is transported 143km to shore into the Hammerfest 
LNG plant in the far north of the country to be liquefied, the removed CO2 is pumped 
back to the Snøhvit field offshore through a separate pipeline, to be injected in the 
ƎŜƻƭƻƎƛŎŀƭ ǊŜǎŜǊǾƻƛǊ нслл ƳŜǘǊŜǎ ōŜƴŜŀǘƘ ǘƘŜ ǎŜŀōŜŘΦ ¢ƘŜ ŎƻƳǇŀƴȅ ǎŀȅǎ άŀ ǎƘŀƭŜ ŎŀǇ 
which lies above the sandstone will seal the reservoir and ensure that the CO2 stays 
underground without leaƪƛƴƎ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜέΦ43  

The LNG project consists of nine wells, eight for production and one for injecting CO2. 
The removal process at the LNG plant is designed to capture 0.7Mtpa of CO2 at full 

 
36 Massachusetts Institute of Technology. Sleipner Fact Sheet: Carbon Dioxide Capture and 
Storage Project. 
37 Global CCS Institute. Introduction to Industrial Carbon Capture and Storage. June 2016.  
38 Sintef. Sleipner partnership releases CO2 storage data. 12 June 2019.  
39 Massachusetts Institute of Technology. Sleipner Fact Sheet: Carbon Dioxide Capture and 
Storage Project. 
40 Ola Eiken. Twenty years of monitoring CO2 injection at Sleipner. In Thomas L. Davis, Martin 
Landrø, Malcolm Wilson (Eds). Geophysics and Geosequestration. Cambridge University Press. 9 
May 2019.  
41 Equinor. Sleipner partnership releases CO2 storage data. 12 June 2019.  
42 Institution of Civil Engineers. Sleipner carbon capture and storage project. 3 February 2017.  
43 Equinor. Carbon storage started on Snøhvit. 23 April 2008. 

https://www.ospar.org/convention/text
https://www.ospar.org/convention/text
https://sequestration.mit.edu/tools/projects/sleipner.html
https://sequestration.mit.edu/tools/projects/sleipner.html
https://www.globalccsinstitute.com/wp-content/uploads/2019/08/Introduction-to-Industrial-CCS.pdf
https://www.sintef.no/en/latest-news/2019/sleipner-partnership-releases-co2-storage-data/
https://sequestration.mit.edu/tools/projects/sleipner.html
https://sequestration.mit.edu/tools/projects/sleipner.html
https://books.google.com.au/books?hl=en&lr=&id=ZF6NDwAAQBAJ&oi=fnd&pg=PA209&dq=info:BuP-MEZdFPkJ:scholar.google.com&ots=wO_nM3DK4C&sig=StTHe6Nu_KXh9oIJhW-PZfATsro&redir_esc=y#v=onepage&q&f=false
https://books.google.com.au/books?id=ZF6NDwAAQBAJ&dq=info:BuP-MEZdFPkJ:scholar.google.com&lr=&source=gbs_navlinks_s
https://www.equinor.com/news/archive/2019-06-12-sleipner-co2-storage-data
https://www.ice.org.uk/knowledge-and-resources/case-studies/sleipner-carbon-capture-storage-project#:~:text=By%202016%20the%20Sleipner%20CCS,gas%20and%20CO2%20processing%20platform
https://www.equinor.com/news/archive/2008/04/23/CarbonStorageStartedOnSnhvit
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capacity. Injection of CO2 started in April 2008, a year after the gas plant started 
production.44 In early 2010, It was announced that it had discovered that there was less 
storage capacity than expected at the Snøhvit injection site.45 

A fire in September 2020 at the Hammerfest LNG plant led to it being shut down for 
more than 18 months.46 It has resumed operation recently and is preparing to produce 
LNG again.47  

Economics and Performance 

Stringent emission regulations were the key 
drivers behind these Norwegian CCS 
projects. 

Carbon Dioxide Tax 

The key drivers that enabled these two 
projects to proceed were the CO2 tax and 
climate quota obligation, introduced by the 
Norwegian government in 1991 and 2005, 
respectively. 

Norway was one of the first countries in the world to impose a CO2 tax, legislated in the 
Act on Tax on CO2 Emissions in Petroleum Activities on the Continental Shelf. This 
requires companies to pay a CO2 tax on the combustion of gas, oil, and diesel in 
petroleum activities in the designated offshore area, as well as on CO2 or natural gas 
emissions.48  

For 2022, the tax rate is NOK 1.65 per standard cubic metre of gas or per litre of oil or 
condensate. For combustion of natural gas, this is equivalent to NOK 705 per tonne of 
CO2. For emissions of natural gas, the tax rate is NOK 1066 per standard cubic metre.49 

The government in its new climate plan for 2021ς2030 has announced that the total 
CO2 price of emissions will increase in line with the increase in the tax on non-ETS 
(Emissions Trading System) emissions subject to an emissions tax, so the total CO2 price 
in 2030 will be about NOK 2000/tonne measured in fixed 2020 NOKτalmost three times 
the current price.50 

 
44 Global CCS Institute. Global Status of CCS: Special Report. Introduction to Industrial Carbon 
Capture and Storage. June 2016.  
45 Massachusetts Institute of Technology. Snohvit Fact Sheet: Carbon Dioxide Capture and Storage 
Project.  
46 Reuters. Norway LNG plant restart faces new delay in blow to Europeȭs gas supply. 31 January 
2022.  
47 Offshore Engineer. Norwayȭs Hammerfest LNG Plant Resumes Operation After 20-month 
Outage. 27 May 2022. 
48 Norwegian Petroleum. Emission to Air. Updated August 2021.  
49 Norwegian Petroleum. The Governmentȭs Revenues. Updated May 2022. 
50 Ministry of Climate and Environment. Norwayȭs comprehensive climate action plan. 1 August 
2021.  

Stringent emission 
regulations were the key 

drivers behind these 
Norwegian CCS projects. 

https://www.globalccsinstitute.com/wp-content/uploads/2019/08/Introduction-to-Industrial-CCS.pdf
https://www.globalccsinstitute.com/wp-content/uploads/2019/08/Introduction-to-Industrial-CCS.pdf
https://sequestration.mit.edu/tools/projects/snohvit.html
https://sequestration.mit.edu/tools/projects/snohvit.html
https://www.reuters.com/business/energy/equinors-hammerfest-lng-plant-extends-outage-2022-01-31/#:~:text=The%20Hammerfest%20plant%20has%20been,result%20of%20the%20plant's%20closure
https://www.oedigital.com/news/496900-norway-s-hammerfest-lng-plant-resumes-operation-after-20-month-outage#:~:text=Norway's%20Hammerfest%20liquefied%20natural%20gas,fire%20in%20September%20of%202020
https://www.oedigital.com/news/496900-norway-s-hammerfest-lng-plant-resumes-operation-after-20-month-outage#:~:text=Norway's%20Hammerfest%20liquefied%20natural%20gas,fire%20in%20September%20of%202020
https://www.norskpetroleum.no/en/environment-and-technology/emissions-to-air/
https://www.norskpetroleum.no/en/economy/governments-revenues/
https://www.regjeringen.no/en/historical-archive/solbergs-government/Ministries/kld/news/2021/heilskapeleg-plan-for-a-na-klimamalet/id2827600/
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Quota Obligation 

¢ƘŜ /ƭƛƳŀǘŜ vǳƻǘŀ !ŎǘΣ ŜƴŀŎǘŜŘ ƛƴ нллрΣ ŎƻƴƴŜŎǘǎ bƻǊǿŀȅ ǘƻ ǘƘŜ 9¦Ωǎ ǉǳƻǘŀ ǎȅǎǘŜƳ ŦƻǊ 
greenhouse gas emissions, and the country joined the European Emission Trading 
System in 2008. Norwegian companies are subject to the same quota obligations as 
those in the EU. The system is currently in its fourth period, which runs until 2030.51 

The EU quota system establishes a maximum level of total emissions. This ceiling is 
reduced on an annual basis to ensure that the system contributes to the ǎȅǎǘŜƳΩǎ ǎŜǘ 
emission target when the relevant quota period expires. Quotas are either auctioned or 
allocated free. In recent years, the CO2 price in the EU quota system has been 
increasing, putting a greater burden on polluters.  

The combination of the CO2 tax and quota obligation means that the companies on the 
continental shelf are facing an extremely high price per tonne for emitting CO2. The 
figure is significantly higher than the tax most companies in other sectors must pay in 
Norway and massively higher than the obligations on similar oil and gas companies in 
other countries with fossil-based economies. 

With these instruments in place, emissions from the Norwegian petroleum sector have 
been virtually stable during the past decade (Figure 8) with relatively stable oil and gas 
production (Figure 9). Under the effect of coming, more stringent regulations, emissions 
are expected to decrease. The Norwegian Ministry of the Environment has described 
CO2 taxes as the most important tool for reducing emissions.52  

Figure 8: Emissions of Greenhouse Gases from the Norwegian Petroleum 

Sector 

 
Source: Norwegian Petroleum, Emissions to Air. 
 

 
51 European Commission. EU action against climate change. EU emissions trading ɂ an open 
system promoting global innovation. 2007.   
52 Norwegian Ministry of the Environment. Norway`s Fifth National Communication under the 
Framework Convention on Climate Change. Status report as of December 2009.   

https://en.wikipedia.org/wiki/Carbon_tax#cite_note-135
https://www.norskpetroleum.no/en/environment-and-technology/emissions-to-air/
https://ec.europa.eu/environment/pdfs/2007/pub-2007-015-en.pdf
https://ec.europa.eu/environment/pdfs/2007/pub-2007-015-en.pdf
https://www.regjeringen.no/globalassets/upload/md/vedlegg/rapporter/t-1482e.pdf
https://www.regjeringen.no/globalassets/upload/md/vedlegg/rapporter/t-1482e.pdf
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Figure 9: Norwegian Petroleum Production 

 
Source: Norwegian Petroleum Directorate. 

CCS Was Financially Viable for Norwegian Cases 

The regulatory framework that was the main motivation for these CCS projects in turn 
made them economic and pushed the oil and gas industry to adopt CCS in extraction 
facilities. 

When the Sleipner CCS project was commissioned in 1996, five years after the 
Norwegian government introduced the carbon tax, the levy on natural gas processing in 
the North Sea petroleum extraction sector was US$49 per tonne of CO2.53 Had the 
operators vented, for example, 1MTof CO2 in that first year, the tax bill would have been 
US$49 million. On the other hand, the additional investments to compress and inject the 
removed CO2 amounted to about US$100 million in 1996).54 Injecting CO2 was estimated 
to cost about $17 per tonne.55 Considering injection averaged about 0.9Mtpa, the 
partner companies could have recovered the capital cost and operating injection cost of 
the project in the first few years of the project.  

 
53 Annegrete Bruvoll og Bodil Merethe Larsen. Greenhouse gas emissions in Norway: Do carbon 
taxes work? Statistics Norway, Research Department. Discussion Papers No. 337. December 2002.    
54 Olav Skalmeraas. Vice President CCS, Statoil. Sleipner carbon capture and storage project. In 
ICE Group. 3 February 2017.    
55 Massachusetts Institute of Technology. Sleipner Fact Sheet: Carbon Dioxide Capture and 
Storage Project. 

https://www.npd.no/en/facts/production/
https://www.ssb.no/a/publikasjoner/pdf/DP/dp337.pdf
https://www.ssb.no/a/publikasjoner/pdf/DP/dp337.pdf
https://www.ice.org.uk/knowledge-and-resources/case-studies/sleipner-carbon-capture-storage-project#:~:text=By%202016%20the%20Sleipner%20CCS,gas%20and%20CO2%20processing%20platform
https://sequestration.mit.edu/tools/projects/sleipner.html
https://sequestration.mit.edu/tools/projects/sleipner.html
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¢ƘŜ ǎŀƳŜ ΨŎŀǊǊƻǘ ŀƴŘ ǎǘƛŎƪΩ ƳŜŀǎǳǊŜǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ {ƴǄƘǾƛǘ ǇǊƻƧŜct, with millions of 
dollars saved in avoiding the carbon tax while complying with stringent emission 
regulations.   

The Sleipner CCS project has operated consistently near its capturing capacity. Figure 10 
ǎƘƻǿǎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŎŀǇǘǳǊƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ǳǇ ǘƻ н014. It demonstrates the steady 
performance of the carbon capture facility.  

Figure 10: Sleipner CCS Injection and Monitoring History (1994ς2014)  

 
Source: Statoil, The Sleipner CCS Experience, 2014. 

{ƴǄƘǾƛǘΩǎ ŎŀǇǘǳǊƛƴƎ ǊŀǘŜ Ƙŀǎ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎ ǎƛƴŎŜ ƛǘǎ ŎƻƳƳƛǎǎƛƻƴƛƴƎ ƛƴ нллуΣ ǎǳǊǇŀǎǎƛƴƎ 
its capture target of 0.7Mtpa in recent years. Figure 11 shows the capture performance 
of the project. The reason that Snøhvit had been capturing less than its 0.7MT nominal 
capacity in the early years of the project was not due to its underperformance. This is 
evident  from the gas production level of the project from which Snøhvit CO2 is sourced  
(second axis of Figure 11). The correlation between the production and capturing rates 
confirms the steady performance of the carbon capture facility with its nominal capacity 
in recent years, where the production of the field stands at its maximum as well 
(Figure 11).  

Since commissioning in 2008, Snøhvit has captured more than 7MT of CO2, averaging 
0.55ς0.6MT annually.56  

  

 
56 Olav Skalmeraas. Sleipner carbon capture and storage project. 3 February 2017.  

https://unfccc.int/files/bodies/awg/application/pdf/04_sleipner-statoil_olav_skalmeraas.pdf
https://www.ice.org.uk/engineering-resources/case-studies/sleipner-carbon-capture-and-storage-project/
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Figure 11: Snøhvit Project: Production vs Captured CO2 

 

 
Source: Norwegian Petroleum, Snøhvit. Environmental Science and Technology Letters, 2022.  

CƛƎǳǊŜ мнΣ ōŀǎŜŘ ƻƴ 9ǉǳƛƴƻǊΩǎ нлнм ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǊŜǇƻǊǘΣ demonstrates the total CO2 
captured and stored per year by the projects it operates. Cumulative capacity of Snøhvit 
and Sleipner is depicted as the orange line in the graph. Other than in the past two 
years, there is a consistent trend in capturing carbon.  

The drop in capturing rate in 2020 and 2021 was due to the fire in September 202057 in 
the Hammerfest LNG plant, which fed CO2 back to Snøhvit. The low capture for those 
years is not related to the CCS plant underperformance.  

Moreover, Sleipner ŦƛŜƭŘΩǎ ǇǊƻŘǳŎǘƛƻƴ Ƙŀǎ ōŜŜƴ ƛƴ ƛǘǎ ƭŀǘŜ ǘŀƛƭ ǇƘŀǎŜ58 throughout the last 
decade, otherwise the capture figures of the two projects would be at their 1.6MT 
nominal capacity. 

In the past two decades, several research efforts on these two projects have reported 
no leakage or harmful movement of stored CO2 in the reservoirs.59, 60 

  

 
57 Upstream. Hammerfest LNG plant to restart next week after shutdown extended by six days. 16 
May 2022. 
58 Norwegian Petroleum. SLEIPNER ØST. Website accessed August 2022.   
59 Andy Chadwick, Rob Arts, Ola Eiken, Paul Williamson and Gareth Williams. Geophysical 
monitoring of the CO2 plume at Sleipner, North Sea: An outline review. 2006. 
60 Andy Chadwick, Benjamin Marchant, and Gareth Williams. CO2 storage monitoring: leakage 
detection and measurement in subsurface volumes from 3D seismic data at Sleipner. 2014. 

https://www.norskpetroleum.no/en/facts/field/snohvit/
https://pubs.acs.org/doi/10.1021/acs.estlett.2c00296
https://www.upstreamonline.com/production/hammerfest-lng-plant-to-restart-next-week-after-shutdown-extended-by-six-days/2-1-1219694
https://www.norskpetroleum.no/en/facts/field/sleipner-ost/
https://nora.nerc.ac.uk/id/eprint/1480/1/Tomsk_summary_paper_V2a.pdf
https://nora.nerc.ac.uk/id/eprint/1480/1/Tomsk_summary_paper_V2a.pdf
https://doi.org/10.1016/j.egypro.2014.11.458
https://doi.org/10.1016/j.egypro.2014.11.458
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Figure 12: Snøhvit and Sleipner Projects: Carbon Capture Performance 

(2016ς2021) 
 

 
 

Source: Equinor Sustainability Report, 2021.  

 
 

 

 

The Gorgon LNG project on Barrow Island off the Pilbara coast of Western Australia is 
ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǎǳŎƘ ǇǊƻƧŜŎǘǎΣ ǿƛǘƘ ŜȄǇƻǊǘ ŎŀǇŀŎƛǘȅ ƻŦ мрΦсa¢ ƻŦ [bD ŀƴŘ ǇǊƻǾƛŘŜǎ 
the state with up to 300 terajoules (TJ) of domestic gas daily.61 

¢ƘŜ Ǉƭŀƴǘ ǿŀǎ ǇƭŀƴƴŜŘ ǘƻ ōŜ ŜǉǳƛǇǇŜŘ ŀƴŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǎǘŀǊǘŜŘ ǿƛǘƘ ǘƘŜ ǿƻǊƭŘΩǎ 
largest carbon capture project with dedicated geological structure in 2016.62 

It has a nominal maximum capacity of 4Mtpa accounting for 40% of the capacity of all 
CCS projects with dedicated geological storage operating around the globe.63 The 
Gorgon CCS project was initially planned to capture and inject underground more than 

 
61 WA Department of Mines, Industry Regulation and Safety. Gorgon Carbon Dioxide injection 
project. Website accessed August 2022. 
62 Massachusetts Institute of Technology. Gorgon Fact Sheet: Carbon Dioxide Capture and Storage 
Project. 
63 Global CCS Institute. Global Status of CCS 2021. 2020.  

Gorgon 

²ƻǊƭŘΩǎ [ŀǊƎŜǎǘ //{ tǊƻƧŜŎǘ 

  

https://cdn.sanity.io/files/h61q9gi9/global/df1f0cb19f173c1e616f83263540fd98e366212f.pdf?sustainaiblity-report-2021-equinor.pdf)
https://www.dmp.wa.gov.au/Petroleum/Gorgon-CO2-injection-project-1600.aspx
https://www.dmp.wa.gov.au/Petroleum/Gorgon-CO2-injection-project-1600.aspx
https://sequestration.mit.edu/tools/projects/gorgon.html
https://sequestration.mit.edu/tools/projects/gorgon.html
https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report_Global_CCS_Institute.pdf







































































































