carbon dioxide transport regulation us

carbon dioxide transport regulation us is a complex and ever-evolving landscape shaped by
federal agencies, scientific consensus, and economic considerations. Understanding how
the United States regulates the transport of carbon dioxide, particularly in the context of
emerging carbon capture and sequestration (CCS) technologies and increased climate
change mitigation efforts, is crucial for industry stakeholders, policymakers, and the public.
This article delves into the intricate web of regulations governing CO2 transport, exploring
the agencies involved, the types of infrastructure, safety protocols, and the future
trajectory of these vital systems. We will examine the regulatory frameworks that ensure
the safe and efficient movement of CO2, from its capture at industrial facilities to its
potential underground storage, and consider the challenges and opportunities that lie
ahead in this critical area of environmental policy.
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Understanding the Regulatory Landscape for
Carbon Dioxide Transport in the US

The United States has established a multifaceted regulatory system to govern the transport
of carbon dioxide (CO2), a greenhouse gas with significant implications for climate change
mitigation. As the nation increasingly explores and implements carbon capture, utilization,
and storage (CCUS) technologies, the infrastructure required to move CO2 from capture
sites to storage or utilization points becomes paramount. This infrastructure primarily
consists of pipelines, but also includes other modes of transport. The regulatory oversight is
designed to ensure safety, environmental protection, and the effective functioning of these
critical energy transition pathways. Understanding these regulations is essential for
developers, operators, and anyone interested in the decarbonization efforts within the US.

The framework for CO2 transport regulation is not monolithic. It involves a blend of federal
and state authority, with different agencies responsible for various aspects of the process.
This includes everything from the initial siting and construction of CO2 pipelines to their
ongoing operation and emergency response planning. The complexity arises from the
unique properties of CO2 as a substance being transported, particularly when it is in a
supercritical state, and the potential risks associated with leaks or ruptures.



Key Federal Agencies Overseeing CO2 Transport

Several federal agencies play a pivotal role in the regulation of carbon dioxide transport in
the United States, each with specific mandates and areas of jurisdiction. Their coordinated
efforts are crucial for ensuring that CO2 transport infrastructure is developed and operated
safely and responsibly. These agencies draw upon existing regulatory frameworks while
also adapting to the emerging needs of the CCUS industry.

Department of Transportation (DOT) and Pipeline
Safety

The Pipeline and Hazardous Materials Safety Administration (PHMSA), a branch of the
Department of Transportation (DOT), holds primary responsibility for ensuring the safety of
CO2 pipelines. PHMSA develops and enforces regulations for the design, construction,
operation, and maintenance of gas pipelines, including those that transport CO2. Their
regulations are designed to prevent accidents, minimize the risk of leaks, and protect public
safety and the environment. This includes setting standards for materials, pressure testing,
leak detection, and emergency response.

PHMSA's oversight extends to the specific characteristics of CO2, which can behave
differently from natural gas under pressure. Regulations are continually reviewed and
updated to reflect the latest scientific understanding and technological advancements in
CO2 pipeline safety. This proactive approach is vital for the expanding network of CO2
pipelines planned across the country.

Environmental Protection Agency (EPA) and
Environmental Permitting

The Environmental Protection Agency (EPA) is instrumental in the permitting and
environmental review processes associated with CO2 transport, particularly when these
activities intersect with environmental protection laws. While PHMSA focuses on pipeline
safety, the EPA's role often involves assessing the potential environmental impacts of CO2
pipeline construction and operation, including effects on air quality, water resources, and
ecosystems. The EPA also plays a role in the broader context of carbon management,
including regulations related to carbon capture and underground injection and storage.

For CO2 pipelines that cross federal lands or waters, or that have significant environmental
footprints, the EPA, in conjunction with other agencies like the Bureau of Land Management
(BLM) or the Army Corps of Engineers, will conduct thorough environmental impact
assessments. This ensures that potential ecological risks are identified and mitigated before
projects proceed.



Other Federal Agencies and Their Roles

Beyond the DOT and EPA, other federal agencies may have ancillary roles depending on the
specific project. For instance, the Department of Energy (DOE) often supports research and
development in CCUS technologies, which indirectly influences the regulatory landscape by
driving innovation and providing data for regulatory bodies. Agencies like the Federal
Energy Regulatory Commission (FERC) might become involved if a CO2 pipeline is deemed
a necessary component of interstate commerce, though this is less common for CO2
pipelines compared to natural gas.

The involvement of these various agencies underscores the interdisciplinary nature of CO2
transport regulation. Effective coordination among them is essential for streamlined
permitting and consistent application of standards, ultimately facilitating the responsible
growth of CO2 transport infrastructure.

Regulatory Frameworks for CO2 Pipelines

The regulatory frameworks governing CO2 pipelines in the US are built upon a foundation of
existing natural gas pipeline regulations, with specific adaptations to address the unique
characteristics and risks associated with transporting carbon dioxide. These frameworks
aim to ensure public safety, environmental integrity, and the reliable operation of these
critical arteries for decarbonization.

Pipeline Safety Regulations (49 CFR Part 192)

The cornerstone of CO2 pipeline safety regulation in the US is PHMSA’s Hazardous Liquid
and Gas Pipeline Safety Standards, primarily found in 49 CFR Part 192. While this part of
the Code of Federal Regulations (CFR) is extensively applied to natural gas, it has been
increasingly adapted and interpreted for CO2 service. Key aspects include requirements for:

Material selection and compatibility for CO2 service.

Design specifications based on operating pressure and temperature.

Construction and welding standards.

Pressure testing before operation.

Regular inspection and integrity management programs.

Leak detection and emergency response planning.

The application of these regulations to CO?2 is critical. CO2 in its supercritical state,



commonly transported in pipelines, has different properties than natural gas, requiring
careful consideration in terms of material strength, embrittlement, and leak detection

sensitivity. PHMSA continuously evaluates and updates these standards to reflect the

evolving understanding of CO2 transport risks.

Federal vs. State Jurisdiction

Jurisdiction over CO2 pipelines can be divided between federal and state authorities. PHMSA
generally has authority over interstate CO2 pipelines, while intrastate pipelines (those
operating entirely within a single state) may be regulated by state agencies. However,
many states have adopted federal pipeline safety standards, either by incorporation or by
establishing their own regulations that are at least as stringent as federal requirements.
This dual regulatory approach requires companies to navigate both federal and relevant
state regulations, ensuring compliance across all levels of government.

In some cases, states may have additional requirements related to permitting,
environmental reviews, or land use that go beyond federal mandates. This can create a
complex compliance landscape for CO2 pipeline projects, necessitating thorough
understanding of both federal and state regulatory environments. Collaboration between
federal and state agencies is often crucial for efficient project development and oversight.

Safety Standards and Risk Management for CO2
Transport

Ensuring the safety of CO2 transport is paramount, given the potential hazards associated
with the substance, especially when transported under high pressure. Robust safety
standards and comprehensive risk management strategies are integral to the regulatory
oversight of CO2 pipelines and other transport methods. The goal is to prevent incidents
and minimize their impact should they occur.

Material Integrity and Design Considerations

The integrity of the materials used in CO2 pipelines is a critical safety factor. CO2,
particularly in the presence of moisture, can be corrosive, leading to material degradation
and potential leaks. Regulations require the use of appropriate grades of steel and coatings
that are resistant to CO2 corrosion. Design considerations also play a significant role,
including the determination of appropriate wall thickness, welding procedures, and
pressure ratings to withstand operational stresses and potential external impacts.

PHMSA'’s regulations mandate rigorous testing and inspection of pipeline materials and
construction to ensure they meet the required specifications for CO2 service. This includes
non-destructive testing methods and hydrostatic testing to verify the strength and integrity



of the pipeline before it is placed into service. Ongoing integrity management programs are
also essential to monitor the condition of the pipeline throughout its operational life.

Leak Detection and Emergency Response Planning

Effective leak detection systems are vital for quickly identifying and responding to any
accidental release of CO2. These systems can include:

e Pressure and flow monitoring to detect anomalies.
e Computational pipeline monitoring (CPM) systems that use sophisticated algorithms.
e External sensors for atmospheric CO2 detection.

¢ Visual inspections.

In addition to detection, comprehensive emergency response plans are mandatory. These
plans outline procedures for:

Notifying relevant authorities and the public.

Evacuating affected areas if necessary.

Containing and mitigating the release.

Restoring the pipeline to a safe condition.

Regular drills and training for emergency responders are also part of these plans to ensure
preparedness for various scenarios. The potential hazards of CO2 leaks, such as
asphyxiation in confined spaces and rapid pressure changes, necessitate highly effective
and well-rehearsed emergency protocols.

Environmental Considerations and Permitting
Processes

The transport of carbon dioxide, particularly via large-scale pipeline projects, necessitates
rigorous environmental reviews and permitting processes. These processes are designed to
assess and mitigate potential impacts on ecosystems, water resources, and other
environmental factors throughout the project lifecycle, from construction to operation and
eventual decommissioning.



Environmental Impact Assessments (EIAs)

For significant CO2 transport projects, especially those crossing federal lands or waters or
those with substantial footprints, comprehensive Environmental Impact Assessments (EIAs)
are typically required. EIAs evaluate the potential environmental consequences of a
proposed project, including impacts on:

e Wildlife habitats and biodiversity.

e Water bodies and aquatic ecosystems.
* Soil and land resources.

¢ Air quality during construction.

* Noise pollution.

These assessments involve extensive data collection, modeling, and public consultation.
The findings of the EIA inform decisions regarding project approval, mitigation measures,
and monitoring requirements. The goal is to ensure that potential environmental harm is
minimized and that projects are sustainable.

Land Use and Right-of-Way Acquisition

Securing rights-of-way for CO2 pipelines is a complex process that involves navigating land
ownership, easement agreements, and regulatory approvals. This can include private land,
state land, and federal land. Agencies like the Bureau of Land Management (BLM) are
involved in permitting for pipelines crossing federal lands, requiring careful consideration of
multiple-use objectives and potential impacts on public lands. Negotiations with landowners
for easements are also a critical component of the permitting process, ensuring that
pipeline routes are established in a manner that respects property rights and minimizes
disruption.

The acquisition of rights-of-way involves detailed route planning, environmental surveys,
and engagement with affected communities. State regulations often govern aspects of land
use and eminent domain, which can be a point of contention for pipeline projects. Ensuring
transparency and fair compensation for landowners is a key aspect of this process.

State-Level Regulations and Their Impact

While federal agencies establish baseline regulations for CO2 transport, state-level
regulations play a significant and often complementary role in shaping how these projects
are developed and operated within their borders. States have varying degrees of authority



and interest in CO2 transport, leading to a diverse regulatory landscape across the country.

Variations in State Oversight

The extent of state oversight for CO2 transport can vary considerably. Some states have
specific laws and regulatory bodies dedicated to pipeline safety and infrastructure
development that may extend beyond federal requirements. These can include more
stringent environmental standards, detailed permitting processes for intrastate pipelines,
and specific requirements for public engagement and land use. Other states may largely
defer to federal regulations for interstate pipelines, while still maintaining oversight over
intrastate operations.

The variations in state regulations can create challenges for companies developing CO2
transport networks that span multiple states. Companies must meticulously research and
comply with the specific legal and regulatory frameworks of each state in which they
operate or plan to operate. This necessitates a deep understanding of state-specific
permitting, environmental review, and safety protocols.

Impact on Project Development and Economics

State-level regulations can significantly influence the feasibility and economics of CO2
transport projects. More stringent environmental regulations, extensive permitting
processes, or local opposition to pipeline routes can increase project timelines and costs.
Conversely, states with streamlined regulatory processes and clear permitting pathways
may attract more investment in CO2 transport infrastructure. The cumulative effect of state
requirements can therefore impact the overall pace and scale of CCUS deployment in
different regions of the United States.

Understanding these state-specific nuances is crucial for strategic planning in the CCUS
sector. It also highlights the importance of policy alignment and collaboration between
federal and state governments to foster a consistent and predictable environment for the
development of essential decarbonization infrastructure.

The Role of CO2 Transport in Carbon Capture and
Sequestration (CCS)

Carbon dioxide transport is an indispensable link in the chain of carbon capture and
sequestration (CCS) technologies. Without efficient and safe transport mechanisms, the
captured CO2 cannot reach its intended destination for utilization or permanent storage,
thereby limiting the effectiveness of CCS as a climate mitigation strategy. The regulatory
frameworks for CO2 transport directly enable and shape the viability of CCS projects.



Connecting Capture to Storage/Utilization

Once CO2 is captured from industrial sources such as power plants, cement factories, or
direct air capture facilities, it must be transported to sites where it can be securely stored
underground in geological formations (sequestration) or utilized in various industrial
processes. Pipelines are the most common and economically viable method for transporting
large volumes of CO2 over long distances. The existing and expanding network of CO2
pipelines, governed by the regulations discussed, is therefore a critical enabler of large-
scale CCS deployment.

The regulatory assurance of safety and environmental protection in CO2 transport builds
confidence for investors and stakeholders in the CCS value chain. This confidence is
essential for driving the significant capital investment required to build both capture
facilities and the associated transport infrastructure. The effectiveness of these transport
regulations directly impacts the ability to achieve meaningful greenhouse gas emission
reductions through CCS.

Future Growth and Infrastructure Needs

As the urgency to decarbonize intensifies and federal incentives for CCS, such as those
provided by the Inflation Reduction Act, gain traction, the demand for CO2 transport
infrastructure is projected to grow substantially. This anticipated expansion necessitates
ongoing refinement and potential adaptation of the existing regulatory frameworks to
accommodate increased volumes and broader geographic reach of CO2 pipelines.
Regulatory bodies will need to remain agile to support this growth while upholding stringent
safety and environmental standards.

The development of new CO2 transport corridors and the expansion of existing ones will
require careful planning, public engagement, and robust regulatory oversight. Addressing
potential challenges related to permitting, land acquisition, and public perception will be
crucial for unlocking the full potential of CO2 transport as a cornerstone of the United
States' decarbonization efforts.

Future Trends and Challenges in CO2 Transport
Regulation

The field of carbon dioxide transport regulation in the US is dynamic, shaped by
technological advancements, evolving climate policies, and growing public awareness.
Several key trends and challenges are likely to influence its future trajectory, demanding
adaptability and foresight from regulators and industry alike.



Increasing Scale and Complexity of Projects

As CCUS technology matures and governmental incentives encourage its wider adoption,
the scale and complexity of CO2 transport projects are expected to increase significantly.
This means longer, larger-diameter pipelines, potentially crossing more diverse terrains and
jurisdictions. Regulators will face the challenge of scaling up their oversight capabilities,
ensuring that existing safety and environmental standards remain adequate for these
mega-projects and that permitting processes can efficiently handle the increased demand
without compromising thoroughness.

The integration of CO2 transport with various capture technologies and a growing network
of sequestration sites will also add layers of complexity. This may necessitate greater inter-
agency coordination and the development of more comprehensive guidelines that address
the entire CO2 lifecycle, from capture to end-point.

Adaptation to New Technologies and Business Models

Innovation in CO2 capture, compression, and pipeline materials will continue to emerge.
Regulators will need to stay abreast of these technological developments to ensure that
safety standards and environmental regulations are effectively applied. This could involve
updating material specifications, revising leak detection methodologies, or adapting
emergency response protocols to account for new operational parameters. Furthermore,
new business models, such as CO2 hubs and midstream CO2 services, may require
regulatory frameworks that are flexible enough to accommodate diverse ownership and
operational structures while maintaining a high standard of accountability.

The development of shared CO2 transport infrastructure, where multiple capture facilities
connect to a common pipeline network, presents unique regulatory challenges related to
access, pricing, and shared liability. Addressing these novel scenarios will be crucial for
fostering efficient and collaborative decarbonization efforts.

The ongoing evolution of carbon dioxide transport regulation in the US is a testament to its
critical role in achieving climate objectives. By diligently addressing safety, environmental
concerns, and the practicalities of infrastructure development, the nation is laying the
groundwork for a more sustainable energy future. The continued collaboration between
regulatory bodies, industry, and scientific communities will be vital in navigating the
complexities and unlocking the full potential of this essential technology.

FAQ Section

Q: What federal agency is primarily responsible for the



safety of CO2 pipelines in the US?

A: The Pipeline and Hazardous Materials Safety Administration (PHMSA), a branch of the
U.S. Department of Transportation (DOT), is primarily responsible for establishing and
enforcing safety regulations for CO2 pipelines in the United States.

Q: How does CO2 pipeline regulation differ from natural
gas pipeline regulation?

A: While many regulations for CO2 pipelines are adapted from natural gas pipeline safety
standards (49 CFR Part 192), specific considerations are given to the unique properties of
CO2, such as its potential corrosiveness in the presence of moisture and its behavior in a
supercritical state, which require tailored material selection, design, and operational
protocols.

Q: What role does the Environmental Protection Agency
(EPA) play in CO2 transport regulation?

A: The EPA is involved in the environmental permitting processes for CO2 transport
infrastructure, particularly concerning environmental impact assessments, air and water
quality, and potential impacts on ecosystems. The EPA also oversees regulations related to
the underground injection and storage of CO2.

Q: Are CO2 pipelines subject to state-level regulations
in the US?

A: Yes, CO2 pipelines are subject to state-level regulations. While PHMSA regulates
interstate pipelines, intrastate pipelines (those operating entirely within a single state) are
typically regulated by state agencies. Many states also have their own environmental and
land use requirements that can affect CO2 pipeline projects.

Q: What are the main safety concerns addressed by
CO2 transport regulations?

A: Key safety concerns include preventing pipeline leaks or ruptures, managing the risks
associated with CO2 in its supercritical state, ensuring material integrity against corrosion,
and establishing robust emergency response plans to protect public safety and the
environment in the event of an incident.

Q: How do CO2 transport regulations support carbon
capture and sequestration (CCS) projects?

A: CO2 transport regulations are critical enablers of CCS by ensuring the safe and reliable
infrastructure needed to move captured CO2 from industrial sources to geological storage
sites or utilization facilities. Regulatory certainty fosters investment and development in the



broader CCS value chain.

Q: What is expected to be a major future trend in CO2
transport regulation in the US?

A: A major future trend is expected to be the adaptation of regulations to accommodate the
increasing scale and complexity of CO2 transport projects, as well as the integration of new
technologies and business models, such as shared CO2 transport infrastructure and CO2
hubs.
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