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About the Knowledge Centre  
The International CCS Knowledge Centre is a non-profit organization dedicated to sharing the lessons  
learned from building and operating large-scale carbon capture and storage (CCS) projects as a critical  
means of managing greenhouse gas emissions and achieving the world’s ambitious climate goals. We  
provide independent, expert advisory services for CCS projects across heavy-emitting industries based  
on our team’s unique experience developing the world’s first fully integrated post-combustion CCS  
facility on a coal-fired power plant, SaskPower’s Boundary Dam Unit 3 (BD3) CCS Facility. 
 

Citing The International CCS Knowledge Centre 
All content created by the Knowledge Centre is subject to the Knowledge Centre’s Open License.  
Unless otherwise indicated within a publication, the Knowledge Centre is to be cited as: International  
CCS Knowledge Centre. All Rights Reserved.  
 
For further information, please contact us at:  

The International CCS Knowledge Centre  

260 – 10 Research Drive, 
Regina, SK, Canada, S4S 7J7 

Canada  

Tel: +1 (306) 565-5669  

Email: info@ccsknowledge.com 

 
 

 

  

https://ccsknowledge.com/contact/
mailto:info@ccsknowledge.com
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Indigenous Land Acknowledgment  
We acknowledge that we are on the traditional territories of the many First Nations, Métis and Inuit 
peoples who have cared for these lands for generations. In Alberta, we specifically recognize the 
territories of Treaty 6, Treaty 7, and Treaty 8. We honor and respect the histories, languages and 
cultures of all Indigenous peoples who have contributed to shaping this province. As we strive for a 
sustainable future, we are committed to reducing carbon emissions and protecting the environment, 
inspired by the traditional knowledge and stewardship practices of Indigenous communities. May we 
move forward in the spirit of reconciliation, collaboration and environmental responsibility. 
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What is CCS/CCUS? 
Carbon capture and storage (CCS) is also referred to as carbon capture, utilization, and storage (CCUS), 
and is a suite of technologies that play an important role in meeting global climate goals. CCS involves 
capturing emissions from industrial processes like power generation, or facilities that use either fossil 
fuels or biomass for fuel. Then, the carbon dioxide (CO2) that isn’t being used on-site is compressed 
and transported to be used in a range of applications in the case of CCUS, or injected into deep 
geological formations which trap the CO2 for permanent storage in the case of CCS. While CCS and 
CCUS are different, the terms are often used interchangeably. 

 

Carbon Cycle 
Carbon dioxide or CO2 is an essential component for life. Our atmosphere contains 0.04% CO2 which is 
absorbed by plants through photosynthesis, producing oxygen and organic compounds.  

The carbon cycle is a fundamental process that describes the movement of carbon through various 
mechanisms on Earth. The carbon cycle includes these key components and processes: 

• Atmosphere: Carbon exists in the atmosphere primarily as carbon dioxide. It plays a 
significant role in regulating Earth's climate through the greenhouse effect.  

• Photosynthesis: Plants, algae, and certain bacteria absorb CO₂ from the atmosphere and 
convert it into organic matter using sunlight through photosynthesis. This process sequesters 
carbon from the atmosphere and stores it in plant biomass. 
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• Respiration: Both plants and animals release CO₂ back into the atmosphere through 
respiration. When organisms consume organic matter for energy, carbon is returned to the 
atmosphere as CO₂. 

• Decomposition: When plants and animals die, decomposers like bacteria and fungi break 
down their organic matter. This decomposition process releases CO₂ and methane (CH₄) back 
into the atmosphere or soil. 

• Ocean Uptake: Oceans absorb a large amount of atmospheric CO₂. Some of it dissolves 
directly into the water, while marine organisms, like phytoplankton, also take up CO₂ for 
photosynthesis. The oceans act as a significant carbon sink. 

• Fossil Fuels: Over millions of years, organic matter buried under sediments can transform 
into fossil fuels (coal, oil, natural gas). When these fuels are extracted and burned for energy, 
they release stored carbon back into the atmosphere as CO₂.  

• Weathering and Volcanic Activity: Carbon in rocks can be released back into the atmosphere 
through weathering and volcanic eruptions, completing the cycle. The weathering of rocks 
also contributes to the long-term carbon cycle by transferring carbon to the oceans.  

• Human Activities: Human activities, such as deforestation, land-use changes and burning 
fossil fuels, have significantly altered the natural carbon cycle. These activities increase the 
concentration of CO₂ and other greenhouse gases in the atmosphere, contributing to climate 
change.  

Although there have been fluctuations of CO2 in the atmosphere throughout history, these processes 
have worked together to maintain a balance of carbon between the atmosphere, land, oceans and 
organisms. This is how the carbon cycle maintains CO₂ levels in the atmosphere, impacts the climate, 
supports life through the production of energy in ecosystems, and maintains the acidity of oceans. 
Understanding and managing the carbon cycle is essential for addressing global environmental 
challenges like climate change. Over the past 150 years, human activities have disrupted the natural 
balance of CO₂ in the atmosphere. This can be observed by measuring the composition of the air 
trapped in ice cores from Antarctica. The disruption primarily stems from industrial processes and 
deforestation, which have added a surplus of CO₂ to the environment. One promising solution to 
mitigate this issue is CCS. CCS allows for the reduction of CO₂ emissions from industrial sources, 
allowing decarbonization without deindustrialization.  

The following is a graph showing the increase of CO2 levels since the early 1900s. 
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Is CO2 hazardous? 
Carbon dioxide is a colourless, odourless gas that is essential for life on Earth. It is a heat-trapping gas, 
also known as a greenhouse gas, and consists of one carbon atom bonded to two oxygen atoms. CO2 is 
in the air we breathe and the carbonated beverages we drink. CO₂ is non-flammable and non-
explosive, making it suitable for use in fire extinguishers. However, it can be hazardous to people if 
present in high concentrations, especially in confined spaces, as it can displace oxygen. CO2 is denser 
than air and can settle in low-lying areas. Exposure to CO₂ in high concentrations can cause shortness 
of breath, dizziness and confusion, headaches, increased heart rate and blood pressure, and can 
possibly be life-threatening.  

Due to these potentially adverse health impacts, safety regulations are in place for CO₂ capture, 
transport and storage operations. Regulations include monitoring CO₂ levels to ensure they remain 
within safe limits, leak detection systems, and ventilation systems to prevent any accumulation in 
enclosed spaces. Workers also wear personal protective equipment such as respirators and CO₂ 
detectors and are trained to recognize symptoms of CO₂ exposure and follow emergency protocols in 
case of an accidental release.  

Unlike oil and natural gas, CO₂ is not combustible and cannot catch fire or react with other chemicals 
to form explosive mixtures. 
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How is CO2 transported to storage 
locations? 
Captured CO2 is typically transported to sites where it can be utilized or injected for permanent 
storage. Most of the CO2 captured and stored in Alberta will be transported by pipeline, but it can also 
be moved via rail or truck. Pipelines have proven to be the safest method of transportation in the oil 
and gas industry and are the most efficient for CO2 transport as well. Each method has specific 
advantages and considerations: 

 

How is CCS regulated in Alberta? 
The capture, transport, and storage of CO₂ are managed through legislation, regulations, and policies. 
Existing legislation addresses ownership, management, and liability for CCS projects, while regulations 
and policies address project applications and ongoing operations, ensuring compliance with 
environmental and safety standards.  

The Alberta Government implemented the Regulatory Framework Assessment (RFA) process in 2011 to 
ensure the right regulations were in place before full-scale CCS projects were operational. The RFA 
reviewed CCS regulations and best practices around the world and specifically reviewed the technical, 
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environmental, safety, monitoring and closure requirements. The process took over a year to complete 
and resulted in Alberta having one of the most advanced CCS regulatory frameworks worldwide.  

The Government of Alberta is responsible for the development of policies and regulations to enable 
CCS projects in the province. The Alberta Energy Regulator evaluates and approves CO₂ pipelines 
within Alberta. The regulations ensure sufficient due diligence of project proponents in evaluating, 
testing, building, operating, and eventually closing CCS projects. 

Alberta CCS Regulatory Framework  
  

 

 

 

 

 

 

 

 

 

 

 

 

How is the safe transportation of CO2 managed? 
Regulations are in place to ensure safe operations and environmental protection when transporting 
CO2 to its end-use location. Pipeline safety in Canada is regulated by the Canada Energy Regulator, as 
well as the pipeline acts and regulations of each province. Provincial requirements refer to National 
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Standard of Canada CSA Z662, which is the same standard used for oil and gas pipelines. This standard 
does not prescribe specific designs or operating procedures, but gives guidelines for the monitoring, 
control, and consequence mitigation of pipelines. It requires risk management, emergency 
preparedness and response plans, as well as pipeline integrity management programs. The standard 
requires process control over parameters such as pressure and flow rate and must include controls to 
shut equipment down. CSA Z662 is currently being updated, and the new standard will include 
additional information and requirements specific to CO2 pipelines. The Alberta Energy Regulator’s 
Directive 056 also provides design considerations for CO2 pipelines. Internationally, guidelines such as 
DNV-RP-F104 provide recommendations for safe CO2 pipeline design and operation. 

Common rules and regulations include: 

• Environmental Impact Assessment: CCS projects may be required to complete 
environmental impact assessments if they are deemed to potentially create significant adverse 
environmental effects, or if their environmental impacts are uncertain. An environmental 
impact assessment can evaluate potential impacts on air quality, water resources, ecosystems, 
and human health. If an impact assessment is not required, pipeline owners must still follow 
Albertan standards and guidelines to protect the environment during construction, operation, 
and reclamation of the pipeline. 

• Permitting and Licensing: Operators must obtain permits and licenses from regulatory 
authorities before beginning any CCS activities. This includes approvals for land access, site 
construction, and operation. 

• Safety Standards: Projects must follow safety guidelines to protect workers, nearby 
communities, and the environment, including risk assessments and emergency response 
plans. 

• Public Consultation: Operators are encouraged to engage in consultation to inform the public 
and gather input on project plans, potential impacts, and mitigation measures. This is the best 
opportunity for landowners to learn more about CCS operations in their area.  

• Monitoring and Reporting: Pipeline operators must monitor the performance of their 
systems and report any incidents to the Alberta Energy Regulator. 

Pipeline operators may receive CO2 from multiple sources using different capture technologies, 
resulting in varied compositions. Contaminants such as water and oxygen can contribute to corrosion 
and must be carefully managed. The operator determines the minimum CO2 composition 
requirements for their pipeline and monitors the product to ensure it meets those specifications 
throughout its transportation. 

If transporting CO2 in trucks or trains, regulations are set by the Ministry of Transportation and 
Economic Corridors.  

 

 

https://www.csagroup.org/store/product/CSA%20Z662:23/?srsltid=AfmBOorbWjX2b16yd8AzB4PTVKbG_bCumPBylZBHCH3pjJBQMckRj5ql
https://static.aer.ca/prd/documents/directives/directive-056.pdf
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Operating CO2 Pipelines 
CCS projects in North America and around the world have demonstrated that CO2 pipelines can 
operate safely over many years. Canada is a world-leader in CO2 pipeline transport, with approximately 
500km of pipelines in operation today: 

• The Alberta Carbon Trunk Line (ACTL), which started operating in 2020, is a 240 km pipeline 
that can move up to 14.6 million tonnes of CO2 per year. The ACTL transports captured CO2 
from the Northwest Redwater Sturgeon Refinery and Nutrien’s Redwater fertilizer plant to 
depleted oil reservoirs for injection, oil recovery and permanent storage.  

• Alberta is also home to the 65km Quest pipeline, which has been operating since 2015. 
• In Saskatchewan, the Souris Valley Pipeline has carried CO2 from North Dakota to the Weyburn 

oil field since 2000.  
• Saskatchewan also has a pipeline transporting CO2 from the Boundary Dam carbon capture 

facility to Weyburn, which has been operating since 2014.  

Combined, these pipelines have safely transported over 60 million tonnes of CO2 for geological 
storage. 

As of 2025, the United States had over 8,500km of operating CO2 pipelines. They have been used 
primarily for enhanced oil recovery, and some have operated since 1972. For more information on 
American pipelines, visit the CO2 Transportation Pipeline Overview.  

Safety and risks of CO2 pipelines 
Operating history 
A study in the International Journal of Greenhouse Gas Control analyzed CO2 pipeline accidents and 
incidents in the United States from the Pipeline and Hazardous Materials Safety Administration 
(PHMSA)’s database. In total, 121 CO2 pipeline accidents were reported to PHMSA between 1994 and 
2024, resulting in zero fatalities. CO2 pipelines were found to have much lower incident rates per unit 
length of pipe and amount of product transported than natural gas pipelines. The amount of released 
CO2 as a percentage of the total amount transported was 0.0025%, compared to 0.0077% for natural 
gas pipelines. This equates to losses of 0.1 tonne of CO2 per kilometre of pipe released per year, 
compared to 0.49 t/km of natural gas released. Other studies have found that CO2 pipelines have also 
had lower incident rates than oil and other hazardous fluid pipelines. CO2 is not combustible, 
eliminating the risk of fires upon pipeline release and reducing the risk of injuries and fatalities when 
compared to oil and gas pipelines. 

While ruptures are rare (accounting for 3% of CO2 pipeline incidents from 1994 to 2021, according to 
the Statistical analysis of incidents on onshore CO2 pipelines based on PHMSA database), precautions 
need to be taken to prevent large releases of CO2 and mitigate the impacts of releases. In the US, half 

https://arcgis.netl.doe.gov/portal/home/item.html?id=b54b7195f50d406cbcbc7f2695b07bba
https://www.sciencedirect.com/science/article/pii/S1750583626000551
https://www.sciencedirect.com/science/article/abs/pii/S0950423022000766?via%3Dihub
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of all failures have occurred on pipelines with no continuous monitoring system. Robust monitoring 
systems will be essential for pipelines near populated areas. 

Monitoring systems 
To monitor performance and prevent incidents, pipelines such as the ACTL have incorporated safety 
programs. Prevention measures include a failsafe supervisory control and data acquisition (SCADA) 
system, which analyzes the pressure and temperature at each block valve along the pipeline route. 
The CO2 product entering and leaving the system is also measured. If any parameters are found to be 
outside of normal ranges, an alarm is generated and all of the automated valves along the system are 
closed. There is also a corrosion reduction program with cathodic test stations along the length of the 
pipe at regular intervals to ensure continuous testing and informed operation.  

Automated systems have detected only 20-25% of pipeline releases in the US, and many pipelines do 
not have any kind of monitoring system. While pressure and flow monitoring and control are required 
by CSA Z662, continuous monitoring through instrumentation is currently not mandatory. Improved 
leak detection systems would help to mitigate the effects of any pipeline incidents. 

Pipeline operators in Canada are required to have pipeline integrity management systems, which 
include regular inspections and maintenance to keep pipelines operating safely. Monitoring systems 
include measuring the volume of CO2 being transported and continuously checking for pressure or 
temperature changes, which may indicate an issue. Pipeline operators are also responsible for regular 
inspections and maintenance to ensure ongoing reliability and safety. 

Emergency response plans 
Pipeline operators must have an emergency response plan (ERP) in place to protect the public and the 
environment in the unlikely event of a pipeline failure. ERPs include details on how incidents are 
detected and confirmed, as well as the steps required to protect workers and the public. They lay out 
the roles and responsibilities of staff and contractors during emergency situations. They must also 
include a communication plan to ensure that stakeholders are notified of any incidents and that 
emergency responders are enabled to help protect the public. 

The Alberta Energy Regulator does not prescribe a minimum distance for CO2 plume dispersion 
modelling, but operators must be able to describe the areas requiring specific emergency 
preparedness (known as emergency planning zones) and perform modelling that calculates the 
potential impacts of pipeline releases on the public. Dispersion modelling tools are available for 
engineers to map CO2 plumes based on volumes released, area topography, and varying 
meteorological conditions. Landowners and residents must be notified of any changes to emergency 
planning zones. Stakeholders in these areas should be informed of the appropriate actions to take in 
the event of an emergency. 
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What about the pipeline failure in Mississippi? 
On February 22, 2020, a 24-inch pipeline containing CO2 and hydrogen sulfide (H2S) failed in 
Mississippi. Heavy rain caused a landslide on a steep embankment, which created strain on the 
pipeline and caused a circumferential weld to fail. Approximately 5,000 cubic metres of CO2 were 
released to the atmosphere. The plume reached the town of Satartia, 1.6km from the accident site. CO2 
levels were elevated for several hours due to calm winds and the local topography. Two hundred 
people were evacuated and 45 people required hospitalization as a result of CO2 exposure. There were 
reports of vehicle engines stalling due to lack of oxygen. 

The Failure Investigation Report outlines multiple failures of the pipeline operator to properly evaluate 
risks, determine areas that might be impacted by pipeline failures, and to communicate with the 
community and emergency responders upon discovery of the rupture. 

Following this incident, PHMSA issued a Notice of Proposed Rulemaking, proposing fixed gas 
detection and alarm systems at valve, pump, and compressor stations. Plume modelling will be 
required to be integrated into emergency response plans, including analysis for people living within 2 
miles of CO2 pipelines. Additional guidelines include mandatory communication with affected 
communities during emergencies. It is essential to take the lessons learned from this event and use 
them to prevent and mitigate pipeline risks. 

How are transportation routes selected? 
In Alberta, most captured CO2 will be transported from industrial emitters to geological sequestration 
hubs. Transportation operators consider distances, topography, existing right-of-ways, surface and 
subsurface infrastructure, and distance from populated areas when selecting pipeline routes. Pipelines 
will be routed on existing right-of-ways as much as possible, to avoid disturbing new land. Water and 
road crossings are avoided where possible, both to reduce risks and capital costs. 

How will I know if there’s going to be a CCS 
project near my property? 
If there is going to be a CCS project near your property, you may receive notifications or information 
through various channels. Operators often engage in public consultation processes to inform nearby 
residents and gather feedback, which can involve community meetings, informational materials, and 
online surveys. Regulatory authorities will issue public notices and announcements about the project, 
allowing people to review and comment on the plans. Your local government or municipal authorities 
will also provide information about upcoming CCS projects through public meetings, newsletters, or 
official communications channels. Lastly, local news outlets or industry publications will likely report 
on proposed CCS projects, providing information on project location, scope, and potential impacts.  

https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2022-05/Failure%20Investigation%20Report%20-%20Denbury%20Gulf%20Coast%20Pipeline.pdf
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Project owners will solicit feedback on pipeline routing and designs and respond to questions and 
concerns about the project. They will seek non-objection agreements through cooperation with 
residents and landowners. Issues may be resolved directly with the pipeline operator, through the 
Alberta Energy Regulator, or through a third-party mediator. 

What happens at the end of a pipeline’s life? 
When a pipeline is no longer being used, the Alberta Energy Regulator sets requirements for their 
suspension and permanent abandonment. Pipelines are generally not removed from the ground, as 
digging them up would cause more environmental damage than abandoning them in place. Pipelines 
must be emptied, purged with an inert gas or water, and capped, so there are no risks to the public. 
After a company has abandoned a pipeline, it remains responsible for maintaining that safe state 
forever. If a company goes bankrupt, liability transfers to Alberta’s Orphan Well Association. 

Overcoming CCS risks 
CCS will undoubtedly require careful management and engagement with landowners and other 
stakeholders. The potential impacts can be considered and addressed with proper CCS management, 
preparation, and risk mitigation strategies, including: 

• Compliance with all relevant regulations and standards, including engineering and 
environmental requirements, and CO2 product specifications to reduce the risk of corrosion 
and prevent failures. 

• Continuous monitoring systems to detect pipeline leaks and reduce the amount of CO2 
released in the event of a pipeline failure. Rigorous integrity management systems to identify 
and mitigate any potential issues and reduce the risk of failures. 

• Robust emergency response and communication plans, developed in consultation with local 
regulators and first responders. Air dispersion modelling that considers risks to the local 
population and identifies potentially hazardous release scenarios.  

• Community engagement that considers and mitigates stakeholder concerns. 

Despite its potential risks, CCS is an important solution for industries to reduce CO2 emissions and is a 
vital part of Alberta’s climate strategy.  
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