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Abstract: Carbon capture and storage (CCS) has become a vital technological advancement in the fight against climate change by lowering
greenhouse gas emissions from energy generation and industrial operations. However, the development and application of CCS technologies
confront formidable legal and policy obstacles despite their potential to help achieve global carbon reduction goals. This study examines the
legislative and policy tools required to support the implementation of CCS as a sustainable energy choice. To solve these issues, it evaluates
national, regional, and international legal methods and the regulatory gaps that prevent CCS projects from being widely implemented. The
analysis focuses on identifying the factors that hinder and facilitate the deployment of CCS, including environmental regulations, intellectual
property rights, liability concerns, and public participation. The research also examines how current international climate agreements, like the
Paris Agreement, impact CCS's regulatory environment. This paper identifies optimal methods for establishing a favorable legal environment by
evaluating case studies from nations with advanced CCS efforts. Lastly, suggestions are made for coordinating legislative and regulatory
frameworks so that CCS can significantly contribute to realizing sustainable energy transitions.
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1 INTRODUCTION

Growing greenhouse gas (GHG) emissions make climate change one of the twenty-first century’s most urgent challenges.
Carbon dioxide (CO2) emitted by the combustion of fossil fuels for energy and industrial activities is one of the main contributors
to GHGs. CCS is widely acknowledged as a crucial technique for reducing greenhouse gas emissions from high-emitting
industries, including power generation, steel, and cement production, as nations shift towards a more sustainable future [1]. To
keep CO; from entering the atmosphere, CCS entails removing CO, from the emission source, moving it, and storing it in
geological formations like depleted oil fields. Despite significant technological developments, policy and legal issues still prevent
the device from being widely used. To overcome these obstacles, this article thoroughly examines the laws and regulations
necessary to implement CCS effectively.

2 THE SCIENCE AND TECHNOLOGY OF CARBON CAPTURE AND STORAGE

2.1 Carbon Capture

Post-combustion capture is the most developed and frequently used method. It entails removing CO2 from the flue gases left
behind from burning fossil fuels. This approach has several advantages because it can be retrofitted to existing power facilities.
Amines are frequently employed in gas stream CO» absorption processes. Before combustion, pre-combustion capture entails
gasifying fossil fuels to turn them into a hydrogen and CO, combination. Power is generated using hydrogen in this gas mixture
while the CO; is extracted. Though less suited for retrofitting existing plants, pre-combustion capture is frequently more effective.
Oxyfuel combustion is a technique that burns the fuel in pure oxygen rather than air, resulting in a flue gas primarily divided into
readily separable CO; and water vapor. The creation of oxygen is necessary, which makes the process expensive even if oxy-fuel
combustion has a great potential for effective CO» extraction [2].

2.2 Transportation of CO2

An essential part of the CCS process is the transportation of collected CO,. The most popular approach is to use pipelines, and
there is already a sizable network in place in countries like the United States for moving CO; to enhanced oil recovery (EOR)
locations. New pipeline construction crosses international borders and presents several legal and regulatory challenges concerning
environmental effects, land use rights, and safety regulations. Longer-distance CO; transmission via ships is also possible;
however, this approach is less established. Strict guidelines are needed for handling, storing, and safely shipping CO». International
maritime regulations must change to address the dangers of large-scale CO trafficking [3].

2.3 Storage

Upon transportation, CO, is injected into underground geological formations for permanent storage. Different geological
formation kinds are considered for storage: Depleted oil and gas reservoirs: geologically well-understood and have already
demonstrated their capacity to hold gases, these locations are perfect for storing CO.
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More poorly known than oil and gas reserves, saline aquifers are porous rock formations packed with saltwater and large
storage capacity [4]. Although they are typically viewed as less advantageous than other choices, unmineable coal seams can also
trap CO». Keeping CO; in storage for an extended period is very difficult. To make sure that CO does not leak into the atmosphere,
regulatory control is required to monitor sites for decades or even centuries. One of the main things preventing CCS from spreading
further is the lack of long-term liability frameworks for leakage.

3 CURRENT STATUS OF MILLET PRODUCTION IN CHHATTISGARH

3.1 International Legal Context

An important international agreement establishing targets for reducing carbon emissions is the Paris Agreement, a part of the
United Nations Framework Convention on Climate Change (UNFCCC). It is acknowledged that CCS is one of the technologies
that can help reach the goals established by this agreement. However, local countries are responsible for creating laws as the Paris
Agreement does not provide precise legislative standards for implementing CCS.

3.2 Regional Legal Perspectives

Directive 2009/31/EC provides a legal basis for CCS on the geological storage of CO, in the European Union (EU) [5]. The
directive lays out guidelines for the safe and long-term storage of CO» in EU member states, including post-closure duties, site
selection criteria, and monitoring procedures. Under the framework of already-existing environmental regulations like the Safe
Drinking Water Act and the Clean Air Act, some countries, like the United States, have also established legal criteria for CCS.

3.3 National CCS Laws

Nations like Australia and Norway have established strong foundations for CCS legislation to support ongoing initiatives.
Among the most successful CCS deployments worldwide is still Norway’s Sleipner project, which got underway in the middle of
the 1990s. The legal obligations of CO, storage are outlined in Norway’s Petroleum Act, which was modified to control CCS. An
offshore CCS concept and regulations for CO> injection and storage operations are provided under the Offshore Petroleum and
Greenhouse Gas Storage Act (OPGGSA) of Australia [6].

4 REGULATORY CHALLENGES AND LIABILITY ISSUES

4.1 Environmental Law and Permitting

Sites that use carbon capture and storage are subject to numerous environmental requirements. Although national permitting
procedures differ, most involve thorough ecological impact evaluations, especially during the storage stage. These analyses
investigate the possible dangers of groundwater pollution, the effects of CO, leakage, and the effects on nearby ecosystems. The
EU Directive 2009/31/EC governs CCS permitting in places like the European Union [5]. The directive lists specifications for
reporting, monitoring, and corrective action in case of storage site leaks. However, legislative discrepancies between countries and
regions can complicate the approval process, especially for transboundary CCS projects [7].

4.2 Liability for CO: Leakage

Regarding long-term CO; storage, accountability for leaks or environmental harm is one of the main concerns. Governments
and business participants are unsure who will be responsible if CO» escapes from storage facilities for decades. Several nations
have created financial assurance systems to insure against future hazards, while others have implemented long-term liability
frameworks. Operators are responsible for the stored CO; for a certain amount of time after the station closes, following the EU
CCS Directive. After that time, the operator must show that there is no material risk of CO, leakage from the stored gas before the
state assumes responsibility. Because it necessitates precise monitoring technology and long-term planning, this transfer of guilt
is still a difficult topic.

4.3 International Law and Cross-Border CCS Projects

Extra regulatory obstacles exist for cross-border CCS projects, especially when moving and storing CO; across national
borders. Because there is a lack of defined international law on the subject, there are questions regarding jurisdiction, liability, and
environmental protection. For example, the export of CO, for storage in sub-seabed formations was formerly forbidden by the
London Protocol, an international agreement designed to avoid marine contamination. Though signatories haven’t widely accepted
it, an adjustment was proposed in 2009 to permit cross-border transfer of CO, for geological storage.

5 POLICY CONSIDERATIONS FOR CCS DEPLOYMENT

5.1 Government Incentives and Subsidies

Governments must give the private sector financial incentives to advance CCS. Examples are subsidies, tax breaks, and carbon
pricing tools like emissions trading systems (ETS). For example, businesses that absorb and store CO; can benefit financially from
the US 45Q tax credit.
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5.2 Carbon Pricing Mechanisms

Carbon pricing is essential to encourage businesses to implement CCS. Governments can make CCS financially feasible by
placing a price on CO;, emissions through a carbon tax or cap-and-trade schemes. However, the level of prices and the stability of
the regulatory framework affect how effective carbon pricing is.

5.3 Public-Private Partnerships

Public-private partnerships (PPPs) are a common feature of successful CCS projects. Through these collaborations,
governments may benefit from the creativity and experience of the private sector while sharing the financial risks involved in
large-scale CCS initiatives. The Petra Nova project in Texas, USA, is one noteworthy example of how industry and government
cooperation has been crucial to its success.

6 CASE STUDIES OF CCS IMPLEMENTATION

Case Study 1: The U.S. Clean Air Act and CCS Projects

The Clean Air Act in the US offers a legislative foundation for controlling CO, emissions from power plants. The
Environmental Protection Agency (EPA) is required by Section 111 of the Act to establish performance guidelines for both new
and existing power facilities [8]. This clause allowed CCS to be incorporated into US environmental policy, especially with the
Clean Power Plan (CPP), which promoted using CCS to lower CO;, emissions from the electricity industry. The Biden
administration has reenergized climate policy, backing CCS as part of larger measures to decarbonize the energy sector, despite
the Trump administration’s rollback of the CPP. Through its Carbon Capture Program, the U.S. Department of Energy (DOE) has
also aided in CCS's research and development.

Case Study 2: Norway’s Sleipner Project

More than 20 million tons of CO; have been stored by the historic Sleipner project in Norway, which has operated since 1996.
The Sleipner field produces natural gas, which is used to extract CO; and then store it in a saline aquifer beneath the North Sea.
The Petroleum Act of Norway, which was modified to incorporate guidelines for the safe storage of CO,, governs the project [9].
Norway has strict reporting and monitoring guidelines for CCS, guaranteeing that the stored CO is kept safely confined. The
Norwegian Petroleum Directorate oversees the project and must submit an annual report on storage integrity. Because of Sleipner’s
performance, Norway is now a global leader in CCS, and other nations wishing to implement CCS can refer to its legislative
framework as a model.

Case Study 3: Australia’s CCS Initiatives

With the OPGGSA, Australia has taken the lead in creating a legislative and regulatory framework for CCS. In addition to
laying forth specifications for long-term liability, licensing, and monitoring, the OPGGSA controls the injection and storage of
greenhouse gases in offshore geological formations. Large-scale CCS projects have also been carried out in Australia, notably the
world's largest CCS project, the Gorgon Project in Western Australia. The Gorgon Project injects CO; into a deep geological
formation beneath Barrow Island by capturing it during natural gas processing. An important component of Australia’s emissions
reduction plan, the project is anticipated to store up to 4 million tons of CO, yearly [10]. In Australia, there is strong public hostility
to CCS despite its promise. Environmental groups are especially concerned about the possibility of CO» leakage and the possibility
that CCS may increase the amount of fossil fuels used. A clear regulatory framework and public participation will be essential to
addressing these issues and ensuring the continued viability of CCS in Australia.

7 PUBLIC ENGAGEMENT AND SOCIAL ACCEPTANCE

7.1 Public Perception of CCS

Project success or failure can be attributed to several factors, including the general acceptance of CCS. According to studies,
there is generally little public knowledge of CCS, and misunderstandings about the technology—such as worries about CO,
leakage or environmental damage—can fuel opposition. As a result, getting support for CCS efforts requires active public
participation. To give local communities accurate information about the advantages and hazards of CCS, governments and project
developers must get involved with them early in the development phase. Building confidence and ensuring that stakeholders are
informed and involved in decision-making can be achieved through public consultations, community gatherings, and educational
initiatives [11]-[13].

7.2 Addressing Public Concerns

The security of CO> storage facilities is one of the main worries of the general population. Strict monitoring and verification
procedures should be incorporated into legislative frameworks to alleviate these worries and guarantee that CO» is stored securely.
Clear criteria about culpability and compensation in the event of a leak can also assist in addressing concerns and boosting trust in
CCS technologies.
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CCS initiatives also need to be viewed in the larger framework of mitigating climate change. The public opinion of CCS can
be changed from a band-aid solution to one of the essential components of the worldwide switch to sustainable energy by
emphasizing its role in accomplishing national and international climate goals.

8 RECOMMENDATIONS FOR HARMONIZING LEGAL AND POLICY FRAMEWORKS

Harmonizing legal frameworks and working together to develop policies are two ways nations can encourage using CCS.
Sharing best practices, technical know-how, and regulatory strategies requires international cooperation. In addition to
coordinating national policies with global climate goals, this could involve the creation of international treaties or standards unique
to CCS. Governments should also consider creating long-term liability funds to mitigate the risks related to CO2 storage and clarify
accountability in the case of a leak. Public involvement must also be formalized within legal parameters to guarantee that interested
parties are informed and participate in developing CCS projects.

9 CONCLUSIONS

Carbon capture and storage provide a major chance to lower CO2 emissions and support global climate goals. However,
overcoming significant legal, regulatory, and societal obstacles is necessary for its implementation. As case studies and legal
framework analysis have shown, a concerted effort is required to create precise and uniform legislation that supports CCS while
guaranteeing long-term safety and environmental preservation. Governments must keep sponsoring CCS with financial incentives
and regulatory support, including long-term liability and environmental risk management measures. Prioritizing public
participation is also necessary to foster confidence and ensure that CCS initiatives are accepted by society. The key to guaranteeing
that CCS becomes a fundamental part of sustainable energy solutions will be the harmonization of legal and policy frameworks,
both domestically and internationally.
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