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Abstract

This article addresses the challenges and opportunities related to the decom-
missioning of offshore structures, focusing on Very Large Floating Structures
(VLES), considering technical, regulatory, environmental, and economic as-
pects, and evaluating the potential for sustainable reuse of these structures in
the context of the energy transition and circular economy. A multidisciplinary
review was conducted involving national and international regulations, off-
shore industry case studies, technological innovations applied to decommis-
sioning, and environmental and socioeconomic analyses. The research included
a survey of key removal technologies, an evaluation of decommissioning meth-
ods (total removal, partial removal, toppling, repurposing), and a study of en-
vironmental-governance practices, sustainability, and local social impacts. De-
commissioning is a complex process structured around early planning, deacti-
vation and removal of structures, material recycling, and environmental mon-
itoring. Total-removal methods eliminate future environmental risks but entail
high costs and operational impacts. Partial-removal and toppling methods are
cost-effective alternatives but leave submerged debris whose environmental
impact must be monitored. Repurposing VLES emerges as a promising option,
allowing structures to be converted into platforms for renewable energy, re-
search, and logistics use, thereby promoting a circular economy and cutting
emissions tied to material manufacturing and transport. Advanced technolo-
gies such as abrasive water-jets, underwater drones, and digital modelling en-
hance safety and reduce environmental impacts. Socio-environmental govern-
ance and public policy are essential to integrating sustainability, social respon-
sibility, and industrial competitiveness. Sustainable decommissioning of VLFS
should be treated as a strategic opportunity for the energy transition and for
the sustainable development of the maritime industry. Sustainable decommis-
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sioning of VLFS should be viewed as a strategic opportunity for the energy
transition and the sustainable development of the maritime industry. The in-
corporation of innovative and sustainable practices, coupled with effective gov-
ernance and cooperation between public and private stakeholders, is crucial to
maximizing environmental, social, and economic benefits, transforming VLFS
into valuable assets beyond their productive lifespan, in alignment with global
decarbonization and circular economy goals.

Keywords

Offshore Decommissioning, Sustainability, VLES, Energy Transition,
Platform Reuse

1. Conceptual Foundations

1.1. Concepts and Phases of Decommissioning

According to Resolution No. 817/2020 by Brazil’s National Agency of Petroleum,
Natural Gas and Biofuels (ANP), decommissioning refers to the permanent ces-
sation of oil and natural gas exploration and production activities. This includes
well abandonment, facility removal, proper waste disposal, and environmental
restoration of affected areas. The process requires a minimum five-year advance
planning for offshore facilities and two years for onshore operations, supported
by technical, environmental, social, and economic studies to ensure operational
safety, regulatory compliance, and mitigation of negative impacts.

Per ANP Resolution No. 817/2020, deactivation refers to the temporary or per-
manent shutdown of equipment, systems, or facilities; decommissioning encom-
passes all activities related to the permanent operational cessation, removal, and
proper disposal of facilities and waste; while divestment involves asset sales with
contract transfers (ANP, 2020).

Decommissioning is structured in five main stages. The first consists of a care-
ful analysis for evaluating, selecting, and designing the decommissioning process,
with a focus on spatial engineering. The second stage involves the cessation of
production and the plugging of wells. The third covers the partial or total removal
of the installed structure. The fourth stage concerns the disposal or recycling of
equipment and materials. Finally, the fifth stage corresponds to environmental
monitoring of the previously occupied area, ensuring follow-up of post-decom-
missioning effects (Teixeira, 2013a).

Conventional offshore platforms and Very Large Floating Structures (VLES)
share naval engineering principles and maritime operations, but differ in purpose
and structural design. While traditional platforms—such as jackets, semi-sub-
mersibles, and FPSOs—are designed for oil and gas exploration and production
in fixed locations, VLEFS are distinguished by their large surface area and shallow
draft, acting as modular and multifunctional platforms. This allows them to serve

multiple applications—renewable energy, logistics, housing, or storage—and to

DOI: 10.4236/blr.2025.164144

2826 Beijing Law Review


https://doi.org/10.4236/blr.2025.164144

R. de C. Nunes et al.

be moved or reconfigured with relative ease. Thus, VLFES represent an evolution
of the offshore concept, expanding the use of ocean space beyond hydrocarbon
exploration toward a sustainable and adaptable infrastructure for the energy tran-

sition.

1.2. Principles of the Socio-Environmental Rule of Law

The modern Rule of Law has evolved to incorporate a socio-environmental di-
mension, reflecting growing needs to reconcile fundamental rights, social justice,
and environmental protection. This context gives rise to the Socio-Environmental
Rule of Law concept, where sustainability becomes a structuring principle for legal
and political relations.

Among the pillars of this model, the principle of solidarity stands out as a
constitutional-legal benchmark that guides cooperation among citizens, busi-
nesses, and the State to ensure an ecologically balanced environment. This prin-
ciple not only underpins the formulation of public policies but also legitimizes
sustainable management tools such as environmentally responsible logistics
plans in the public sector.

Another core principle is the prohibition of socio-environmental regression,
which seeks to prevent the elimination or weakening of environmental norms and
guarantees already achieved. The effectiveness of this principle ensures that ad-
vances in environmental protection are not reversed, consolidating a minimum
core of non-derogable rights for society.

In the field of environmental civil liability, the principles of full compensation
and polluter-pays stand out, guiding jurisprudence to ensure environmental dam-
ages are fully remedied and that degradation costs do not fall on society. These
principles directly align with the axiology of the Socio-Environmental Rule of
Law, reinforcing the preventive and reparatory nature of environmental legal sys-

tems.

1.3. Governance and Sustainability in Industrial Environments

Incorporating sustainability into industrial management requires aligning busi-
ness practices, public policies, and environmental governance tools. Environmen-
tal governance emerges as a mechanism to integrate diverse social and economic
actors around green economy strategies, steering production toward more re-
sponsible standards. This aspect is reinforced—globalization and technological
advancement as factors that intensify the need for multi-level governance, in
which coordination between the public and private sectors becomes essential for
addressing socio-environmental challenges.

The context of public policy highlights initiatives such as the Green Municipal-
ity Seal Program (PSMYV) in Cear4, which demonstrates the importance of decen-
tralized environmental governance as a tool for encouraging sustainable practices.
Similarly, it observes that in urban electoral arenas, environmental governance is

used as a political agenda, reflecting not only power struggles but also the growing
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importance of sustainability as a development guideline.

For the industrial sector, challenges are even more evident. It analyzed how In-
dustry 4.0 technologies, when applied to environmental management, represent
an innovation opportunity for sustainability, improving resource efficiency and
impact reduction. The export furniture sector is a link between sustainability prac-
tices, performance, and competitiveness—demonstrating that environmental
strategies can be not just a cost but a competitive advantage.

Moreover, sustainability indicators serve as key monitoring and evaluation
tools. Their use strengthens governance by providing measurable decision-mak-
ing parameters, enabling companies to align production goals with broader envi-
ronmental targets.

On the international stage, the global governance must coordinate multilateral
sustainability commitments to reduce asymmetries between countries and pro-
ductive sectors. Meanwhile, governance and transparency are essential principles
for protecting an ecologically balanced environment, particularly in high-impact
industrial sectors where social legitimacy depends on clear, accountable business

practices.

1.4. Very Large Floating Structures (VLFS): Definitions,
Applications, and Future Prospects

Very Large Floating Structures (VLES) represent an innovative solution for utiliz-
ing oceanic and coastal areas, particularly in contexts where land space is limited
or where environmental challenges exist for traditional land reclamation and con-
struction. The VLES can be defined as floating systems spanning hundreds of me-
ters, designed to support complex human activities such as transportation, energy
generation, housing, and storage. Their key characteristic is the hydroelastic in-
teraction between waves and the structure, which requires advanced modeling
methodologies and mitigation of dynamic responses.

The applications of VLFS have diversified significantly in recent decades. Clas-
sic and recent studies demonstrate their use in floating airports, ports, logistics
platforms, and as foundations for offshore wind farms. Another promising field
is the integration of floating structures for renewable energy, such as hybrid wave
energy converter systems as well as large-scale floating photovoltaic panel instal-
lations. These applications reveal the potential of VLES to meet the growing de-
mand for sustainable infrastructure in densely populated coastal regions.

Regarding future prospects, VLFS are viewed as having strategic potential to
address global challenges such as rising sea levels, urban space scarcity in coastal
regions, and the energy transition. Research is expected to advance toward inte-
grating VLFS with renewable energy systems, enhancing their economic and en-
vironmental viability.

Thus, VLFS emerges as a promising technological advancement for ocean en-
gineering and global sustainability, combining innovative structural solutions with

growing demands for maritime space utilization and clean energy production.
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2. Offshore Decommissioning
2.1. Types of Offshore Structures

Floating Production Storage and Offloading (FPSO) units consist of tanker ships
anchored to the seabed, designed to process and store oil from underwater wells.
Production is offloaded via shuttle tankers (Petrobras, 2015; Martins, 2015).

Semi-submersible (SS) platforms, on the other hand, feature support columns
that provide stability and can operate either anchored or with dynamic position-
ing—an automated system that maintains the vessel in the desired position. Pro-
duction can be offloaded via pipelines or stored on ships (Petrobras, 2015).

Both types—FPSO and SS—are floating platforms capable of operating in water
depths exceeding 2000 meters, thanks to advancements in anchoring systems and
subsea well control (Petrobras, 2015).

Fixed platforms, in contrast, are rigid structures supported on the seabed by
driven piles. Their substructures can be made of steel (jackets or compliant tow-
ers) or concrete (gravity platforms). The upper part (topside) houses the drill-
ing, production, and accommodation modules. These units typically operate in
water depths of up to 300 meters, with well control managed at the surface—via
the so-called dry Christmas tree—and oil transported through pipelines (Amo-
rim, 2010; Petrobras, 2015). A representation of these platforms can be seen in
Figure 1.

Source: Martins, 2015.

Figure 1. Representation of the main types of offshore platforms in Brazil: on the left (1),
FPSO type; in the center (2), SS type; and on the right (3), Fixed type—steel substructure.

2.2. Technologies Applied in Offshore Decommissioning

Offshore decommissioning requires a combination of physical, digital, and oper-
ational technologies to ensure safe, efficient operations with minimized environ-
mental impact. Some of the most significant advancements occur in automation,

monitoring, simulation, cutting/submersion, and digital modeling.
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An important source is the report Offshore Oil and Gas Decommissioning Tech-
nologies by the Australian Academy of Technological Sciences & Engineering
(ATSE), which analyzes emerging and already applied technologies in the decom-
missioning chain. This document highlights the growing interest in automation
for removing submerged infrastructure, as well as the use of remote monitoring sys-
tems and advanced sensors to assess marine ecosystems and environmental quality
(ATSE, 2024).

Among the applied physical technologies, the following stand out:

ROVs (Remotely Operated Vehicles) and AUVs (Autonomous Underwater Ve-
hicles) are remotely operated or autonomous vehicles for underwater inspection,
detailed corrosion mapping, damage identification, structural verification, and re-
moval planning (NST Authority, 2024).

Hydraulic cutting, abrasive water jets, diamond wire saws, and hydraulic grabs
for sectioning submerged structures have a lower environmental impact than ex-
plosives; these methods enable precise cuts in metal and concrete while minimiz-
ing seabed disturbance (NST Authority, 2024). Table 1 summarizes the main cut-
ting technologies used worldwide.

Non-explosive and cold-cutting methods (AW]JC, DWC, and mechanical) are
now the international standard for offshore operations, particularly in the Cam-
pos and Santos basins, due to environmental requirements set by ANP (Resolu-
tion No. 817/2020) and IBAMA (2022). AWJC is Petrobras’ most widely used
method, as it is remote-operated and adaptable to ROVs, ensuring operational
safety and reduced thermal or chemical waste emissions. The use of explosives is
virtually banned in Brazil, permitted only in emergency situations and subject to
EIA/RIMA and military authorization. Meanwhile, mechanical and diamond wire
methods stand out for material recyclability and the reuse of structural modules
in green decommissioning projects.

On the digital front, innovations are optimizing planning, safety, and risk con-
trol:

1) Digital twins and 3D modeling: virtual replicas that simulate different re-
moval scenarios, predict structural stresses, optimize operation sequences, and
plan logistics for transporting removed components (Offshore Network, 2025;
ATSE, 2024).

2) Predictive analytics and artificial intelligence (AI): algorithms that forecast
failures, detect structural weaknesses, prioritize interventions, and make data-driven
decisions using historical and real-time data (NST Authority, 2024).

In addition, environmental well-being and impact-mitigation technologies:

1) Sensors for monitoring environmental parameters such as turbidity, under-
water noise, marine life, water quality, and detecting leaks or contamination be-
fore, during, and after decommissioning activities (ATSE, 2024; Offshore Net-
work, 2025).

2) Less invasive well abandonment methods (plug and abandonment or P&A),

using alternative barriers like resin plugs or metal alloys, and more effective iso-
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lation techniques with reduced reliance on conventional cement—or even “rig-
less” P&A (eliminating the need for drilling platforms)—lower risks and costs
(Offshore Network, 2025; ATSE).

There is also growing emphasis on topside-removal technologies (the upper
section of the platform) using single-lift operations (raising the entire structure in
one piece), which reduces support-vessel time on site, crew risk, and maritime

environmental impact (NST Authority, 2024).

Table 1. Main cutting technologies used worldwide.

i . L. Limitations and Relative Offshore
Cutting Method Working Principle Key Advantages i Safety o i Reference
Disadvantages Cost Applicability (Brazil)
It uses a very high-
ter jet High wat
pressure water je . igh wa e.r Preferred in FPSO
(up to 4000 bar) Cold cuts, noriskof  consumption and . i
B . Lo . . series flexible; used BOEM (2004);
. . mixed with ignition; high abrasiveness; fine . . | .
Abrasive Waterjet R R L High High by Petrobras in Oceaneering (2024);
mineral abrasive precision; reduced waste needs K .
. A projects in Campos Petrobras (2023a).
(garnet/silica) to structural damage. environmental L.
and Buzios.
cut steel, concrete, management.
and composites.
A tool is inserted
inside the . Used in the
. It allows you to cut Expensive
i conductor or pile, . abandonment of .
Internal Waterjet ) conductors below equipment; . . X Oceaneering (2024);
K performing ) X High High wells and multiple
Cutting i the seabed; it avoids ~ complex remote ) Petrobras (2023a).
complete circular . K conductors in the
A R digging. operation (ROV).
cutting via an pre-salt.
abrasive water jet.
Synthetic diamond
coated metal wire High efficiency in Time-consumin,
X K & i ¥ i . & Used in jacket bases
is tensioned and large thicknesses installation and the i Petrobras (2023b);
. § . Medium- and concrete ) X
Diamond Wire moved by pulleys, and complex need for access to High R R CIRP Encyclopedia
i ) High structures; Marlim
cutting by structures; clean the structure’s (2019).
) . and Albacora.
continuous cuts. surroundings.
abrasion.
A mechanically or
hydraulicall Slow on thick
Mechanical Cutting y v Safe, low cost, no . . Applied to smaller
. . driven blade or . materials; requires ) X K BOEM (2004);
(Guillotine/Hydraulic heat; ideal for High Medium structures or in hard- .
saw that cuts metal frequent Oceaneering (2024).
Saw) K confined areas. k to-reach places.
pipes and maintenance.
supports.
Combustion of X X Restricted to
. . Risk of explosion; . .
Hot Cutting oxygen gas with Fast, portable, and L disassembly in dry BOEM (2004);
. prohibited in areas Low Low K
(Oxyfuel/Blowtorch) acetylene/propane widely known. R docks; not used in Petrobras (2023b).
with hydrocarbons.
melts the metal. the field.
Controlled .
. . Little
chemical reactions Cold method, environmental Experimental: rarel IBAMA (2022);
Chemical Cutting with reagents that without heat or R X Low High P i D Y UK Government
i control; risk of toxic used in Brazil.
corrode the noise. leak (2023).
eakage.
metallic material. 8
High Restricted use by the
. Shaped charges . g. Y X .
Explosives Extremely fast; it environmental Navy and IBAMA; National Academies
break through i X . X X
(Underwater allows simultaneous  impact and risks to Low Medium common in the Gulf (1996);
. structures by shock . . . .
Cutting) e cutting. marine fauna; of Mexico, rare in IBAMA (2022).
waves.
licensing required. Brazil.

According to Oil and Gas UK (OGUK) (2014), this necessitates an integrated
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vision for decommissioning projects, as illustrated in Figure 2.

1 2 3 4 9 6 1 8 9 10 1

Project Post-CoP Well Faciliies & Pipelines  Topsides Topsides Substructure ~ Topsides and Sub- Subsea Site Post-
Management Running Decommissioning Permanent - pronaration Removal Removal structure Onshore  nfrastructure Remediation ~ Decommissioning
Costs Isolation and Cleaning Disposal Monitoring

Figure 2. Integrated vision for decommissioning projects 2014.

To achieve this, the following steps should be taken:

1) Operator project-management team covers overhead items such as project
insurance, tendering, paid studies, and assurance activities.

2) Operational costs of assets after production ceases.

3) All activities are related to the permanent isolation of any rock formations
with flow potential.

4) Isolate assets from pressure sources and ensure, as far as possible, that they
are free from hydrocarbons and contaminants.

5) Interventions to surface facilities are required for decommissioning and pre-
paring them for abandonment, if necessary.

6) Offshore removal of topsides from substructures, along with transportation
and load-in at the disposal site.

7) All activities associated with substructure removal, including transportation
and load-in at the disposal site, are included.

8) Reuse, recycling, or disposal of topsides and substructures, including dis-
mantling and waste management.

9) Removal or remediation of all subsea structures, including transportation,
loading, and disposal of removed materials.

10) Removal of oilfield scrap as required, along with transportation and disposal
of all removed materials.

11) Post-decommissioning infrastructure inspections and monitoring programs.

Finally, the ATSE report highlights gaps in the development of certain technol-
ogies, particularly for aging infrastructure or regional tropical/marine equivalents,
where conditions like temperature, salinity, and biodiversity require specific ad-
aptations (ATSE, 2024).

2.3. Methods: Total Removal, Partial Removal, Toppling,
Repurposing

In offshore decommissioning, different methods are applicable depending on fac-

tors such as regulations, depth, environmental impact, cost, and technical feasi-

bility. The primary methods include total removal, partial removal, controlled
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toppling or abandonment (leave-in-place), and repurposing of existing structures.
Total Removal

Total removal involves extracting all parts of the structure (topside, substruc-
ture, foundations, connected pipelines, etc.) for onshore dismantling, recycling,
or disposal. This method is often mandated by international or national regula-
tions, particularly when there is a risk of navigation interference or ongoing envi-
ronmental impact (Colaleo et al., 2022).

In the case study of the “Viviana 1” platform in the Adriatic Sea, Colaleo et al.
(2022) applied the total removal method in a life cycle analysis, considering all
phases: pre-removal, cutting and transportation of the structure, decontamina-
tion, material recycling (especially steel), and final waste disposal. They concluded
that while the environmental cost of removal (energy, transportation) is high, the
benefits of steel recycling avoid impacts associated with primary steel production,
significantly reducing carbon emissions.

In the total removal modality, the Brent Delta project (North Sea) stands out,
in which Shell carried out the complete dismantling of the topside and substruc-
ture using the crane vessel Pioneering Spirit, removing more than 24,000 tons for
recycling in Teesside, United Kingdom (Shell, 2017).

Partial Removal

Partial removal involves removing the topside of the platform and some sec-
tions of the substructure, but leaves parts of the main structure fixed to the seabed
or below a certain depth. This may include cutting jacket legs below the seabed,
leaving the bases or support structures submerged.

This method can be advantageous by reducing costs, energy consumption, and
environmental disturbance, while also simplifying logistics. However, it may leave
submerged debris, create corrosion points, or affect ecosystems that have formed
on the remaining parts (UD-TP dissertation, cited in the study “Decommissioning
Options Assessment on Environmental Impact”) (Scheelhaase, 1998, as cited in
UTPEDIA, 2024).

In partial removal, the Frigg field (Norway-France) exemplifies the strategy of
keeping part of the foundations submerged after topside removal, aiming to re-
duce environmental risks and operating costs (TOTAL, 2010).

Toppling/In-Situ Abandonment (Leave-in-Place)/Artificial Reef

The toppling, abandonment, or leave-in-place method involves leaving parts of
the structure on-site—typically the foundations or submerged portion—convert-
ing them into artificial reefs or lowering them to minimize visual or navigational
impact. This approach leverages ecosystems already established on the structure,
reducing removal costs and the potential impacts of cutting and transportation
(Syriac & Prashak, 2022) (e.g., fixed platforms turned into artificial reefs).

Examples:

Syriac & Prakash (2022) review options for repurposing fixed platforms to sup-
port marine renewable-energy projects, including using the submerged structure
as a foundation for new wind turbines.

Conservation Evidence reports that obsolete offshore structures can function as
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artificial reefs, benefiting biodiversity, although their long-term impacts remain

uncertain (Repurpose obsolete offshore structures to act as artificial reefs).

Controlled toppling has been applied to platforms in the Gulf of Mexico, such

as in the Rigs-to-Reefs program, where structures were intentionally toppled to

create artificial reefs, providing ecological benefits (BOEM, 2018).

Repurposing

Repurposing means converting a structure—or parts of it—to new uses while

retaining some of the original framework. Applications can include renewable-

energy infrastructure, scientific research, logistics hubs, industrial bases, or power

generation.

Academic examples:

Quissanga, Nascimento, and Galgoul (2020) assessed the feasibility of reusing

fixed platforms as substructures for wind turbines, evaluating structural integrity,

additional loading, and retrofit costs. Such repurposing can add economic value

to decommissioning by reusing existing assets (Quissanga, Nascimento, & Galgoul,

2020).

Finally, the reuse of platforms has gained momentum—in Brazil, studies by

CENPES/Petrobras and universities indicate the potential to convert decommis-

sioned jackets and FPSOs into substructures for offshore wind turbines or floating

hydrogen and ammonia units (Quissanga, Nascimento, & Galgoul, 2020; Petrobras,

2023a).

At an ASME conference, the repurposing of jacket platforms for wind-turbine

installation was examined, accounting for accumulated fatigue damage and pro-

posing an optimization strategy that weighs retrofit costs, remaining life, and en-

ergy vield.

Table 2 provides a summary including the advantages and disadvantages of

each method.

Table 2. Summary of key removal methods, including advantages and disadvantages.

Method

Removal Total

Removal Partial

Description

Complete removal of all
parts of the structure
(topside, substructure,
and foundations) for
disassembly, recycling,
or disposal on land.

Removal of the upper
parts and sections of the
substructure, leaving
part of the submerged
structure below a
certain depth.

Advantages

Eliminates potential
sources of pollution;
completely restores
the seabed; reduces
future risks of
structural failure.

Reduces costs and
logistical impacts;
less environmental
disturbance during

the removal process.

Disadvantages

High operating costs;
risk of accidents;
emissions associated
with transportation and
cutting.

It can leave residues
submerged; there is a
risk of corrosion; and
there is a possible
impact on local
ecosystems.

References

Colaleo et al. (2022);
Pinheiro & Monteiro
(2023)

UTPEDIA (2024);
Pinheiro & Monteiro
(2023)
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Continued
Leaving parts of the
& p. Preserves established =~ May contain toxic
structure in place, ‘ d terial .
ecosystems; reduces ~ materials; requires .
Tipping usually foundations, ¥ . . 4 . Syriac & Prashak
: , costs; it can generate  continuous monitoring;
In-Situ Abandonment  can turn them into . (2022)
s ecological benefits depends on regulatory
artificial reefs or leave s
o (artificial reefs). approval.
them inactive.
Conversion of the Reduces waste of High cost of
structure or parts of it materials; generates modification; structural ~ Quissanga et al.
R for new uses, such as additional economic  and geographical (2020);
euse
bases for wind energy, value; promotes limitations; requires Syriac & Prashak
scientific research, or sustainability and a detailed technical (2022)

logistical support.

circular economy.

evaluation.

Parada de Produgéo

Comparative conclusion

The choice between total removal, partial removal, toppling, or repurposing de-

pends on multiple factors: local/international regulations, operational costs, struc-

tural integrity, environmental impact, presence of established ecosystems, and re-

purposing opportunities.

Recent studies suggest that repurposing or controlled abandonment with mainte-

nance of submerged sections may be environmentally and economically advanta-

geous, particularly in contexts where ecosystems already benefit from existing

structures or where there is potential for renewable energy generation (Syriac &

Prashak, 2022; Quissanga et al., 2020). Conversely, in cases where there is a risk

of contamination or interference with navigation, total removal remains the pre-

ferred method (Colaleo et al., 2022). Figure 3 presents a summary of the main
destinations that could be applied to VLFS:

Permanéncia
no Local

Remocéao

Parcial

Remocéo
Total

Source: Prepared by the authors.

Figure 3. Main potential destinations for VLFS.

Uso Alternativo

(Hub logistico, Instrumentagao, Aguicultura, etc.)

Recife Artificiall

(Reciclagem)

Reutilizagéo

Projeto de Energia Alternativa
(Edlica, Maré, Solar, etc.)

Disposic&o Final Onshore

(Em projetos de 6leo & gas)
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2.4. Green Decommissioning and Sustainable Practices

Discussions about environmental decommissioning and the impacts of abandon-
ing oil platforms gained international prominence following the emblematic
Brent Spar case, which occurred in 1995 in the North Sea under UK jurisdiction
(Teixeira, 2013b). Strong public pressure led to a change in the initially proposed
strategy—sinking the structure (dumping)—with the option instead being the
complete removal and repurposing of the platform for dock extension works on
the Norwegian coast. Though more costly and risky, this alternative gained greater
social acceptance, particularly among European consumers, marking a milestone
in the debate about environmental responsibility in the offshore industry (Ruivo,
Morooka, & Guerra, 2001; Martins, 2015).

In the context of offshore production structure decommissioning, two critical
moments stand out regarding environmental impacts: the first, during production
abandonment, through well cementing or capping; and the second, related to the
disposal of the platform structure—whether through controlled sinking, removal,
or recycling of its metal and concrete components (Luczynski, 2002, cited in Ma-
chado, Teixeira, & Vilani, 2013).

During partial or complete removal of fixed platforms, explosives are com-
monly used to cut sections of substructures, generating shockwaves and releasing
underwater sound energy. These impacts can harm marine species such as fish,
turtles, and mammals, requiring rigorous environmental monitoring and the
adoption of mitigation techniques (Teixeira, 2013b).

According to the Climate and Pollution Agency (CPA, 2011), an agency under
Norway’s Ministry of the Environment, decommissioning processes frequently
identify various waste materials, including hazardous substances—such as heavy
metals, toxic materials, radioactive substances, and asbestos—particularly in older
facilities, which may contain components whose use was later banned.

Oil and gas extraction and production activities can also lead to the accumula-
tion of Naturally Occurring Radioactive Material (NORM), which contains radio-
nuclides such as radium-226, radium-228, polonium-210, and lead-210 (Schenato
etal., 2013). In many cases, these materials remain temporarily stored at production
facilities, requiring proper disposal during decommissioning in accordance with
National Nuclear Energy Commission (CNEN) regulations, including transfer to
licensed landfills.

The removal of platform substructures can also significantly impact aquatic
fauna due to seabed disturbance and the loss of artificial substrate that has become
habitat for various species. Sammarco, Atchison, and Boland (2004) emphasize
that the degree of coral colonization on structures should be assessed prior to de-
commissioning, as these artificial ecosystems in the Gulf of Mexico have demon-
strated positive environmental value.

Moreover, decommissioning operations can directly impact fishing activities
due to temporary restrictions on access to fishing grounds and the inability to

anchor in areas with remaining pipelines. The magnitude of these impacts varies
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depending on location (shallow or deep waters) and interaction with local fishing
fleets (IBAMA, 2015).

According to Luczynski (2002, cited in Machado, Teixeira, & Vilani, 2013), the
main environmental issues observed during decommissioning include:

1) Oil leaks and surface slicks, along with sediment contamination;

2) Inadequate treatment or disposal of drilling cuttings containing lubricants,
polymers, and natural radionuclides;

3) Bioaccumulation of toxic substances in aquatic organisms affects the entire
food chain;

4) Improper disposal of large sections of platform structures;

5) Presence of residual chemical compounds and drilling waste.

The best way to mitigate such impacts is through strict environmental controls
and compliance with international legislation and conventions throughout the
project’s lifecycle. In this regard, recent studies and strategic plans by companies
like Petrobras reinforce their commitment to sustainable decommissioning and
material reuse, aligning with ESG (Environmental, Social, and Governance) prac-
tices (FGV Energia, 2024; Petrobras, 2023b).

In Brazil, for instance, Petrobras will invest $11 billion in decommissioning be-
tween 2024 and 2028, removing 23 platforms and approximately 1900 km of flex-
ible lines, while closing over 550 wells—with a strong focus on ESG practices and
sustainability. The company plans to allocate 70% of the budget to well abandon-
ment and 30% to subsea equipment removal, aiming for material recycling and
reuse. Petrobras views decommissioning not just as a legal requirement but as a
business opportunity, boosting local supply chains and pursuing technological so-
lutions to make the process more efficient and sustainable (Sinaval, 2024; Petrobras,
2023b).

2.5. Integration with VLFS: Reuse of Floating Platforms and
Conversion for Logistical, Scientific, or Energy Purposes

Very Large Floating Structures (VLFS) consist of large floating constructions that
can take various forms (pontoons, semi-submersibles, stabilized platforms, etc.),
with broad potential applications—from maritime infrastructure and renewable
energy to scientific research, logistics, and residential use (Lamas Pardo, Iglesias,
& Carral, 2015).

2.5.1. Reusing Fixed Platforms as Substructures for Wind Energy
One of the most promising avenues for VLES integration is repurposing existing
fixed platforms, such as jackets, to serve as foundations for offshore wind turbines.
Quissanga, Nascimento, and Galgoul (2020) conducted a feasibility study in Bra-
zil, evaluating decommissioned fixed platforms by subjecting them to new loads
from 10 MW turbines. They analyzed the remaining structural integrity, retrofit re-
quirements, adaptation costs, and expected energy returns, concluding that in many
cases, reusing these structures is more economical than building new foundations.
Another key initiative is the DeP2WIND project (2024) (European Commis-
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sion), which proposes an interdisciplinary, data-driven framework to assess the
structural health of decommissioned platforms, determine which components
should be retained or replaced, optimize maintenance, and adapt the structures to
safely and efficiently support wind turbines. The goal is to reduce costs and the

carbon footprint associated with new construction.

2.5.2. Conversion for Logistical, Scientific, or Energy Applications
Beyond wind energy, floating platforms can be adapted for other functionalities:

Logistical uses: Platforms can serve as floating supply terminals, maritime op-
eration bases, or support hubs for exploration. A conceptual example is the “Float-
ing Logistics Terminal” (FLT) proposed by Yamamoto et al. (2017) for Brazil’s
equatorial margin, featuring floating structures to support exploration and pro-
duction (E&P), transport, and maritime logistics in remote regions.

Scientific research and environmental monitoring: Stabilized floating platforms
can serve as ocean laboratories, meteorological observatories, or biodiversity
monitoring stations, especially useful in deep or hard-to-access ocean areas. Alt-
hough documented cases are fewer, the VLFS concept supports multiple uses—
including military facilities, research installations, storage, etc.

Floating solar energy, combined generation, microgrids, or renewable integra-
tion: Repurposing decommissioned platforms or fixed-platform foundations as
bases for floating photovoltaic modules (FPVs) or integrated wind turbines is a
growing area of interest. The paper Towards the Sustainable Decommissioning of
Fixed Platforms by Aligning Ecosystem Services and Wind Generation: A Brazil-
ian Case (Barboza, Meirifio, Barros, & Bella, 2023) proposes maintaining ecosys-
tem services formed on substructures while leveraging the structures for wind

generation, highlighting environmental and economic benefits.

2.5.3. Challenges for Conversion and Reuse
While the potential is great, there are significant challenges:

Structural integrity and fatigue: Platforms exposed to marine environments for
years may suffer from corrosion, fatigue damage, deformations, or vulnerabilities
that complicate safe structural adaptation for new loads or uses (e.g., wind tur-
bines). Retrofitting may require reinforcements and detailed inspections—not
just visual, but involving non-destructive testing and modeling.

Adaptation and maintenance costs: Modifying an aging structure can involve
high expenses for transportation, structural reinforcement, safety system installa-
tion, support foundations for new loads, and ongoing maintenance. These costs
must be weighed against the expected return (energy generated, logistical uses, or
services) and the remaining lifespan.

Regulation, environmental licensing, and legal liability: Reusing platforms involves
regulatory, environmental, and maritime safety considerations. It is essential to en-
sure hazardous waste (heavy metals, toxic materials, NORMs) is properly handled,
contamination risks are mitigated, and adaptations do not interfere with naviga-

tion or marine ecosystems. In many countries, including Brazil, legislation re-
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quires environmental impact assessments, monitoring plans, and specific permits.

Meteorological and hydrodynamic suitability: Older platforms may not have
been designed for the loads and environmental conditions expected in new uses,
such as tall turbines, strong winds, or currents. Wave interactions and hydrody-
namic behavior could cause instabilities or necessitate additional anchoring or
damping systems. Studies such as those on VLES show that for pontoon struc-
tures, elastic deformations, hydrodynamic response, and the effects of fluid dy-

namics on the floater must be considered.

2.6. Technical, Operational, and Environmental Risks

Decommissioning offshore oil facilities involves a range of risks that must be rig-
orously assessed to ensure safety, regulatory compliance, and minimal environ-
mental impact. These risks fall into three broad categories: technical, operational,
and environmental.

The risks associated with offshore decommissioning encompass technical, op-
erational, and environmental aspects related to structural integrity, operational
safety, and ecological impacts. However, when considering the reuse of these plat-
forms and their conversion into Very Large Floating Structures (VLFS), additional
and specific risks arise, such as structural adaptation—requiring reassessment of
buoyancy and material fatigue—integration of energy systems (wind, solar, or hy-
drogen), and regulatory uncertainties, since these structures occupy a hybrid space
between offshore units and new multifunctional platforms. Furthermore, there are
emerging environmental risks resulting from changes in use and interaction with
marine ecosystems. Thus, risk assessment in VLFS conversion must go beyond the
perspective of safe removal, incorporating a life cycle and sustainability perspective,

aligned with the principles of the circular economy and energy transition.

2.6.1. Technical Risks

Deteriorated structural integrity: Aging or corroded structures may experience
unexpected failures during cutting, lifting, or relocation. Deterioration can com-
promise anchor points or equipment support, leading to serious accidents or
structural collapses.

Failures in well abandonment procedures (P&A—Plug and Abandonment): If
the well is not properly sealed, residual fluids or hydrocarbons may leak. This in-
cludes failures in cementing or plugging conductors, resulting from technical er-
rors, inadequate materials, or poor controls (A&O Shearman, 2023).

Risks associated with pipeline and flexible line removal: Handling, cutting, and
transporting subsea pipelines require specialized equipment, vessel stability, and
control of weight and stresses. Failure to monitor the condition of these pipelines
or using inadequate technology for cutting them may cause ruptures or structural
failures that compromise the operation (BOEM, 2004; Ekins et al., 2006).

Design errors and load miscalculations: When planning lifts or movements of
topsides, prisms, or heavy modules, crane members or anchor connections may

have been overlooked or underestimated. In offshore operations, wind, rough
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seas, or currents can introduce unexpected dynamic loads that, if not accounted

for, may lead to mechanical failures.

2.6.2. Operational Risks

Workforce safety: Includes falls from height, falling objects, lifting equipment fail-
ures, hazardous movements, or lack of proper safety procedures. Special attention
must be given to training and the use of Personal Protective Equipment (PPE), as
well as the inspection of critical equipment.

Complex logistics and adverse conditions: Offshore operations require special-
ized vessels, logistical support, and preparation for severe weather, rough seas,
and extreme depths. The complexity of mobilizing marine cranes, transporting
heavy modules, and coordinating multiple vessels increases the risk of delays, ad-
ditional costs, and accidents.

Planning failures and regulatory oversight: Absence or inadequacy of prior en-
vironmental impact and risk studies, flaws in permits or public consultations,
weak enforcement, or non-compliance with applicable regulations—all of which
can lead to litigation, fines, and activity shutdowns (A&O Shearman, 2023).

2.6.3. Environmental Risks

Marine and sediment contamination: Abandoned or removed materials contain-
ing contaminants such as heavy metals, NORMs (naturally occurring radioactive
materials), hydrocarbons, or chemical waste may contaminate sediments, waters,
and bioaccumulate in the food chain (Albeldawi, 2023).

Habitat and biodiversity disturbance: The removal or abandonment of struc-
tures alters established ecosystems, potentially destroying artificial reefs or habi-
tats colonized by benthic organisms. Cutting or demolition causes turbidity, sed-
iment suspension, and underwater noise pollution—all of which affect marine
fauna such as fish, corals, and marine mammals (Ben-Hamadou et al., 2022; De-
commissioning offshore structures environmental management, UK shelf, etc.)
(Simpson, 1998) [Springer].

Risk of leaks and spills: Aging equipment or poorly sealed wells may release
residual oil or gas. Damaged flexible lines or pipelines, accumulation of residual
fluids, fuels, lubricants, or even NORMs can cause continuous leaks if not properly
isolated or removed (Ekins et al., 2006).

Acoustic and thermal impacts: Explosions, hot cutting, or the use of explosives
generate extremely high underwater noise levels, which can cause mortality, dis-
placement, or stress in marine organisms. The disturbance of sediments may also
release trapped nutrients or toxic metals, altering local water temperature or oxy-
genation (Albeldawi, 2023).

3. Onshore Decommissioning

3.1. Typical Infrastructure: Refineries, Onshore Wells, Pipelines,
and Vessels

Onshore energy infrastructure constitutes the material foundation for land-based
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exploration, production, transportation, and processing. These structures encom-
pass a diverse array of equipment and facilities whose function is to enable the
production cycle of these operations from extraction to distribution. However, the
development of this energy infrastructure, whether in the traditional oil and nat-
ural gas (O&G) sector or in renewable sources such as wind, implies a life cycle
that ends in the decommissioning phase. Therefore, there are certain infrastruc-
tures that have different impacts and particularities from one another.

The inclusion of onshore decommissioning in this article aims to broaden the
comparative understanding of the challenges faced in the decommissioning of en-
ergy assets, highlighting both the differences and the lessons transferable to the
offshore context. While the onshore environment offers greater logistical predict-
ability, environmental control, and lower operational complexity, it also provides
relevant lessons on waste management, material reuse, and the application of cir-
cular economy practices, which can be adapted to the maritime reality. Thus, the
integrated analysis of onshore and offshore decommissioning contributes to iden-
tifying technological and regulatory synergies, as well as reinforcing the im-
portance of sustainable and standardized strategies that can support the transition
from conventional platforms to Very Large Floating Structures (VLES).

The refinery, in the context of the oil and gas (O&G) industry, is recognized as
a fundamental component of the downstream phase of the production chain. This
phase, in turn, encompasses the stages that follow hydrocarbon extraction, includ-
ing the storage and transportation of the extracted oil until its distribution to the
consumer. In addition to its operational role in transforming crude oil, the refin-
ery is identified in technical analysis as an existing and measurable industrial unit.
Environmental efficiency studies, for example, use attributes such as ‘Refinery
Age’ as a variable in the evaluation of decision-making units (DMUs). In the Bra-
zilian corporate landscape, the corporate purpose of major companies in the sec-
tor, such as Petrobras, expressly includes refining, processing, trading, and trans-
porting oil from various sources (wells, shale, or other rocks), its derivatives, nat-
ural gas, and other fluid hydrocarbons, as well as related activities.

In the oil and gas (O&G) industry, onshore wells are critical components of
exploration and production infrastructure. Decommissioning these facilities fo-
cuses on reversing the installation process, beginning with well closure (abandon-
ment). Permanent well abandonment is one of the most costly activities in facility
decommissioning, requiring significant investment. The abandonment phase oc-
curs when a well reaches the end of its operational life or becomes economically
unviable (Costa et al., 2021).

Pipelines, or piping systems, are essential components of the production sys-
tem, referring to flow lines and service lines. Onshore pipelines are fundamental
for integrating isolated production areas with refineries and consumer centers,
although they are associated with risks of leaks and environmental impacts. Pipe-
lines and facilities of flow lines and production pipelines that are not reused or

transferred must be removed, recycled, or disposed of in appropriate locations,
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unless removal is not recommended for technical, economic, or environmental
protection reasons.

The term “vessel” encompasses a wide range of floating structures, whose end-
of-life management poses significant environmental, technical, and legal challenges.
In energy infrastructure, vessels serve as Stationary Production Units (SPUs), essen-
tial for offshore oil and gas (O&G) exploration. Meanwhile, in coastal and riverine
areas, the issue manifests in the deliberate abandonment of common vessels, re-
sulting in socio-environmental liabilities. In the O&G sector, the most common
vessels end up being FPSOs (Floating Production, Storage and Offloading units)
and semi-submersible platforms, which are assets designed to operate for long
periods, typically 20 to 30 years as pointed out by Madi in 2018. However, their
decommissioning process faces numerous challenges, the main one being that de-
commissioning should be seen not as a last resort event, but as an integral phase
of the project life cycle, planned and attentive to the particularities of the space
and environment into which they were inserted. The regulation of decommission-
ing and recycling requires the consolidation of a legal framework that promotes
safe dismantling, and is therefore a fundamental step to honor the fundamental

right to an ecologically balanced environment for present and future generations.

3.2. Decommissioning Logistics and Final Disposal

Decommissioning logistics is a complex, multidisciplinary activity requiring me-
ticulous planning. The definition of logistical strategies and final disposal methods
for each structure is largely achieved through Multi-Criteria Decision Analysis
(MCDA). This tool ensures scientifically grounded choices that account for di-
verse dimensions, including socio-environmental, financial, health, safety, and
other parameters (Wei & Zhou, 2024).

Resolution No. 817/2020 stipulates that all facilities must be removed from the
concession area. However, in exceptional cases, partial removal or even in situ
retention may be authorized, provided technical and environmental requirements
are met and properly justified. In this process, waste management plays a central
role in reducing environmental impacts. Waste is classified as hazardous (Class I)
or non-hazardous (Class II) under NBR 10.004:2004, with the former requiring
disposal at properly licensed landfills.

Cleaning and decontamination procedures are equally critical. Equipment and
pipelines impregnated with hydrocarbons require strict safety protocols, involv-
ing techniques such as pigging and flushing. Meanwhile, managing naturally oc-
curring radioactive materials (NORM) presents high complexity and follows spe-
cific CNEN regulations in Brazil. In these cases, generators must conduct radio-
logical characterization and segregation of materials. NORM must be temporarily
stored in appropriate locations and transported in accordance with CNEN-NN-
5.01 guidelines.

In this context, the circular economy emerges as an innovative alternative, pri-

oritizing the reuse and recycling of materials to improve resource efficiency and
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recover high-value inputs. For vessels, Bill No. 1584/2021 proposes mandating
that end-of-life ships be sent to specialized recycling shipyards in Brazil—a meas-
ure that, beyond mitigating environmental impacts, could help revitalize the na-

tional shipbuilding industry.

3.3. Local Social and Environmental Challenges

The development of public policies for decommissioning is framed as an essential
pillar for ensuring socio-environmental protection and consolidating a sustaina-
ble development model. In this context, such policies aim not only to improve the
existing legal framework but also to mitigate the socio-spatial vulnerabilities that
emerge in territories and communities affected by the shutdown of energy pro-
duction systems. Thus, decommissioning requires participatory regulation and
planning processes grounded in socio-environmental responsibility to reduce
risks, prevent environmental liabilities, and foster economic alternatives that en-
sure social justice and the continuity of sustainable land use.

In strategic sectors like oil and gas (O&G), public policy is shaped by the actions
of regulatory agencies and federal environmental bodies. The National Petroleum
Agency (ANP), the Brazilian Institute of Environment (IBAMA), and the Brazil-
ian Navy (MB) simultaneously exercise regulatory and policing authority over the
industry. For offshore decommissioning—a complex and environmentally high-
risk segment—coordination between federal entities and agencies is crucial. ANP
Resolution No. 817/2020 was jointly developed by ANP, IBAMA, and the Brazil-
ian Navy to standardize procedures and harmonize the review of Facility Decom-
missioning Plans (PDI), ensuring greater legal certainty and speeding up the pro-
cess (Meireles, 2022).

However, in the Socio-Environmental Rule of Law, responsibility for environ-
mental preservation is assigned not only to the State but also to the society in
which we are embedded. This shared responsibility creates the need for public
participation in decision-making and oversight of government actions. Yet it is
undeniable that market and development interests are prioritized over society’s
core interests, making it necessary to adjust regulations so they contain no loop-
holes that could penalize the areas where these operations are installed and later
dismantled (Teixeira, 2013a).

The key finding is that Brazil’s legal framework for decommissioning is incon-
sistent with environmental law standards and the sustainable development model
established by the 1988 Federal Constitution. The end of operations is a period of
significant environmental vulnerability, requiring strict state oversight, as the op-
erator no longer has financial incentives, leaving the site prone to severe environ-
mental damage (Meireles, 2022).

Therefore, public involvement in environmental decision-making is essential,
particularly through instruments available in Brazil, such as access to Public Hear-
ings during environmental licensing (EIA/RIMA), as well as other forms of Pop-

ular Action that ensure the exercise of environmental citizenship. Equally urgent
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is strengthening institutional cooperation among federal entities to align sectoral

and environmental regulations and prevent overburdening specific agencies.

3.4. Public Policy and the Participation of Federal Entities

The decommissioning of facilities presents a range of social and environmental
challenges requiring multi-criteria assessment and tailored solutions. These chal-
lenges manifest in various dimensions, such as protecting human health and eco-
systems, as well as the socioeconomic impacts on adjacent communities. In many
cases, the process can lead to soil and water contamination, with risks of pollutant
mobilization during dismantling activities, which generate large volumes of waste.
Notable examples include metals, plastics, hazardous waste (Class I, such as flam-
mable, toxic, reactive, and corrosive materials), hydrocarbons, and Naturally Oc-
curring Radioactive Materials (NORM).

Socially, the impacts are just as far-reaching. Specialist literature shows that
consequences vary with local context, often outpacing the forecasts made in initial
studies. Research carried out by the Wind-Energy Observatory at the Federal Uni-
versity of Ceard offers an illustration. The study by Bastos and Moura (2023) on
the Quilombo do Cumbe in Aracati shows that one of the most striking social effects
of wind-farm construction was the abandonment of children born from relation-
ships between local young women and temporary workers brought in from other
regions. This example prompts the question: would simply removing the struc-
tures and ceasing operations during decommissioning be enough?

Another recurring social impact is unemployment. Social evaluation param-
eters must consider the relationship between the project and the local commu-
nity, whether it will interfere with existing activities, and most importantly, how
residents will sustain themselves after operations cease. Martins (2018), in ana-
lyzing the decommissioning of the Jorge Lacerda Thermoelectric Complex, high-
lighted that the facility directly and indirectly employed approximately 28,000
workers, representing a dependent population of around 110,000 people. This
case demonstrates how the closure of a production cycle can trigger mass unem-
ployment and income loss in regions where job opportunities are scarce (MAR-
TINS, 2018).

Therefore, decommissioning should not be treated merely as a technical pro-
cess of shutting down and removing structures, but as a strategic phase of territo-
rial and environmental planning. Adopting proactive, participatory early plan-
ning that directly involves impacted communities, coupled with ongoing invest-
ment in detailed socio-environmental studies, is essential to balance technical and
economic efficiency with long-term social and environmental viability. This ap-

proach ensures decommissioning projects can operate effectively and equitably.

4. Regulation
4.1. National Regulation

There is significant uncertainty regarding decommissioning regulations in Bra-
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zil—specifically, whether clear rules exist for this phase of the petroleum sector’s
production chain. This stems from the fact that existing legislation lacks specific-
ity for the processes involved in decommissioning projects. This section aims to
clarify, within Brazil’s legislative framework, which norms govern this economic
activity.

The regulatory framework that decisively influences decommissioning projects
in Brazil consists of two specific international treaties on dismantling processes,
broader federal legislation on waste concepts, and finally, resolutions from the
sector’s regulatory agency.

Given the importance of the protected legal asset, the principles applicable to
International Environmental Law are not embodied in a single instrument or a
few normative documents. It is also crucial to highlight the guiding principles of
International Environmental Law—essential to this topic—as outlined in the 1972
Stockholm Declaration and later reaffirmed in the ECO92 Rio Declaration and
the Conference on Sustainable Development (Rio+20). These demonstrate the
evolution of International Environmental Law concerning environmental damage
(Rosado, 2015).

The development process for an international regulatory regime also led to the
signing of the United Nations Convention on the Law of the Sea (UNCLOS) in
Montego Bay, Jamaica, on December 10, 1982. The treaty entered into force only
on November 16, 1994. The Montego Bay Convention established detailed regu-
lations on maritime space and its resources, including, among others: provisions
regarding territorial seas, contiguous zones, continental shelves, exclusive eco-
nomic zones, and the high seas; protection and preservation of the marine envi-
ronment; and scientific research, development, and transfer of marine technology
(UNCLOS, 1996).

A key highlight of the Convention is its concern with the exploitation of ocean
resources and their subsoil, the delimitation of national jurisdiction limits for each
matter, and the consolidation of customary principles that states must observe in
the joint use of the ocean, such as: freedom of the seas, the exercise of states’ in-
ternal jurisdiction within the limits of the sea adjacent to the state, and the char-
acterization of the continental shelf (UNCLOS, 1996).

The Convention stipulates that disused or abandoned structures must be re-
moved to ensure the maintenance of fishing activities and vessel traffic in the area,
as well as to safeguard the rights and obligations of other states and ensure proper
protection of the marine environment (UNCLOS, 1996).

Consistent with UNCLOS’s position are the IMO (International Maritime Or-
ganization) resolutions, applicable to Brazil as a member of that organization,
which incorporated the Convention on the International Maritime Consultative
Organization, signed in Geneva on 6 March 1948, by means of Decree No. 52,493
of 23 September 1963 (Rosado, 2015).

The IMO is a specialized United Nations agency responsible for regulating mar-

itime transport and preventing sea pollution caused by ships, issuing specific res-
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olutions for activities involving sea use (Menezes, 2015).

Among these resolutions, IMO A.672 stands out, establishing standards and
guidelines for the removal of offshore installations and structures on the conti-
nental shelf and in the exclusive economic zone. Complementing the Montego
Bay Convention, the IMO recognizes exceptions to the removal rule and provides
detailed regulations on partial removals and abandonment (Menezes, 2015).

Brazil also acceded to the Basel Convention through Decree No. 875/1993,
which incorporated it domestically, and through CONAMA Resolution No. 452
of July 2, 2012, addressing waste import procedures. This resolution outlines pro-
cesses and specifies licenses required by importers of hazardous substances (Meire-
les, 2022).

Should Brazil become an attractive hub for vessel decommissioning, disman-
tling, and recycling, and begin receiving international ships for this purpose, this
Resolution will be one of the standards operators must follow (Meireles, 2022).

In contrast to the international regulations applicable to Brazil, Federal Law No.
12,305/2010, known as the Solid Waste Law, is broadly framed to ensure applica-
bility across sectors without major distinctions. The law, which establishes the
National Solid Waste Policy, provides several definitions in its second chapter,
including Article 3 (XVTI), which states that solid waste comprises ‘materials, sub-
stances, objects or goods discarded as a result of human activities in society,” with
classifications that contribute to a better understanding of solid waste according
to origin and hazard (BIM, 2017).

The next regulation analyzed comes from the sector’s regulatory body, ANP
(National Petroleum Agency) Resolution No. 27/2006, governing facility decom-
missioning and area restoration during production and exploration phases. Here,
the ANP aligns with international regulations and recognizes the possibility of
partial removal and abandonment (BIM, 2017).

The Agency’s criteria require the concessionaire to ensure that facilities remain
in safe condition and pose minimal risk to the environment and human health.
The ANP recognizes that non-removal—or partial removal—of installations must
be technically justified and authorized by the competent authorities, and also pro-
vides that any production facility whose removal is inadvisable must be buried
below 55 meters (BIM, 2017).

Under this legislation, the ANP also recognizes the potential use of structures
for artificial reef creation, subject to approval by competent authorities. In such
cases, the concessionaire remains responsible for maintenance and monitoring
(BIM, 2017).

The ANP resolution on decommissioning provides a pathway for developing
projects to convert decommissioned structures into artificial reefs. However, en-
vironmental issues still have to be regulated by IBAMA (Brazilian Institute of En-
vironment and Renewable Natural Resources), since ANP Resolution No. 817
does not address this matter (Cruz & Santos, 2019).

To achieve this objective, IBAMA issued Normative Instruction No. 28, which
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outlines the environmental licensing process for installing artificial reefs within
federal jurisdiction. Additionally, IBAMA imposes further conditions for approv-
ing artificial reef projects, specifying in Article 10 of Normative Instruction No.
28 that if a project includes excessive amounts of hazardous materials, potential
pollutants, heavy metals, or substances that could cause injuries or accidents, it
will be deemed unfeasible (Milaré, 2015).

It is understood that regulatory approval for the installation and use of decom-
missioned structures for artificial reef construction—within the bounds of situa-
tion-specific technical recommendations—would align with SDG 14, as it would
promote ocean conservation and sustainable use. Managing the converted reef
structure post-decommissioning is a critical project phase, as it may require new

institutional regulatory frameworks (Milaré, 2015).

4.2. International Standards: IMO, Basel Convention,
Hong Kong SAR Convention

This section covers the main international standards on decommissioning: the
IMO, the Basel Convention, and the Hong Kong SAR Convention. These were
created to ensure that decommissioning is carried out in compliance with envi-
ronmental and safety legislation.

Decommissioning is the final disposal/deactivation of complex facilities in the
oil & gas industry, of naval warships, or the dismantling of abandoned vessels and
their proper disposal.

The first international standard discussed here is the Basel Convention on the
Control of Transboundary Movements of Hazardous Wastes and Their Disposal,
adopted by the UN on March 22, 1989. It was created to establish international
control mechanisms for hazardous substances crossing borders. Countries adher-
ing to this convention must uphold the principle of prior and explicit consent for
the transit and import of hazardous waste (Basel Convention, 1989 as cited in
Meireles, 2022).

On July 19, 1993, through Decree No. 875, Brazil joined the Basel Convention
and committed to achieving its proposed goals, namely:

a) Reduce transboundary waste movements to the minimum consistent with
environmentally sound management; b) Minimize the quantity and toxicity of
generated hazardous waste and ensure its environmentally sound disposal as close
as possible to the production site; c) Assist developing countries in the environ-
mentally sound management of hazardous waste they produce.

Among the key requirements imposed on signatory countries are: prohibiting
the export of hazardous waste to nations that ban its import or have not given
formal written consent; ensuring the availability of appropriate disposal facilities
to promote environmentally sound management of hazardous and other wastes;
and requiring that those involved in managing hazardous and other wastes within
their territory take essential measures to prevent contamination—and, should

pollution occur, to mitigate its effects on human health and the environment (Ba-
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sel Convention, 1989 as cited in Meireles, 2022). Those involved in managing haz-
ardous and other wastes within their territory must take essential measures to pre-
vent contamination by such wastes and, should pollution occur, to reduce its ef-
fects on human health and the environment (Basel Convention, 1989 as cited in
Meireles, 2022).

By ratifying the Basel Convention, Brazil committed to adhering to its stipu-
lated rules and ensuring the existence of facilities for the proper decommissioning
and recycling of vessels within its territory. This aims to prevent the export of such
hazardous substances to other countries, thereby safeguarding a healthy environ-
ment for all (Meireles, 2022).

The second international standard addressing decommissioning in this context
is the Hong Kong SAR Convention (HKC), which outlines measures for the proper
recycling of vessels. It provides guidelines for preparing ships for recycling and
for the operation of shipyards.

To mitigate unnecessary risks to human health and the environment, the Hong
Kong SAR International Convention establishes guidelines for the safe recycling
of end-of-life ships, ensuring that waste from shipbreaking is handled in an envi-
ronmentally sound manner (Hong Kong SAR International Convention, 2009, as
cited in Meireles, 2022).

Meireles, Pereira, and Rodrigues (2022) highlight that the HKC’s key provisions
include: mandatory preparation of an inventory of potentially hazardous materi-
als in ship structures (to control these substances); a recycling plan requirement
for each vessel; and the implementation of certification and authorization systems
to regulate ship recycling facilities (Hong Kong SAR International Convention,
2009, as cited in Meireles, 2022).

Furthermore, the HKC also seeks to compel shipowners to responsibly dispose
of their vessels at the end of their operational lives, rather than selling them to
third parties who may dismantle them irresponsibly and hazardously—a practice
notably observed in parts of Asia and globally criticized for its harmful effects
(Meireles, 2022).

Despite its significant provisions on decommissioning, the aforementioned
convention has yet to enter into force, as its validity hinges on meeting concurrent
criteria that remain unfulfilled (Meireles, 2022).

Following its future enactment, it is crucial to emphasize the importance of Bra-
zil eventually joining the HKC, as it establishes standards guiding best practices
in ship recycling processes. These include procedures for recycling facilities and
monitoring hazardous materials aboard vessels through the implementation of a
hazardous materials inventory (Meireles, 2022).

Lastly, the final international regulation to be addressed pertains to the resolu-
tions of the IMO (International Maritime Organization), which apply to Brazil as
a member state. This stems from Brazil’s internalization of the Convention on the
International Maritime Consultative Organization, signed in Geneva on March 6,
1948, through Decree No. 52,493 of September 23, 1963 (Rosado, 2015).
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The IMO is a specialized United Nations agency responsible for regulating mar-
itime transport and preventing marine pollution caused by ships, issuing specific
resolutions for activities involving sea use. Among these, IMO Resolution A-672
stands out, establishing standards and guidelines for the removal of offshore in-
stallations and structures on the continental shelf and in the exclusive economic
zone. Complementing the Montego Bay Convention, the IMO acknowledges ex-
ceptions to the removal rule, providing detailed regulations on partial removals
and abandonment (BIM, 2017).

IMO Resolution A.672 stipulates that removal decisions must be assessed case
by case, considering a multicriteria analysis involving: potential impacts on navi-
gational safety and other maritime uses; the material’s deterioration rate and its
present and future effects on the marine environment; potential harm to marine
resources; risks of future material displacement; costs, technical feasibility, struc-
tural damage risks, and hazards to removal operators; and justification for leaving
installations or structures on the seabed (Rosado, 2015).

The resolution also specifies cases in which complete removal is mandatory re-
gardless of other criteria. These are: disused or abandoned structures in water
depths of less than 75 m and weighing under 4000 t (excluding decks and facili-
ties); or disused or abandoned structures in water depths of less than 100 m and
weighing under 4000 t (excluding decks and facilities) that were installed before
1998 (Antunes, 2009).

4.3. Bill No. 1584/2021: Vessels and Recycling

Bill No. 1584/2021 seeks to tackle this issue by closing the legislative gap, linking
vessel disposal to recycling. It should be noted that Brazil currently has no regu-
lations on ship recycling, which prevents Brazilian shipyards from operating in
this sector. Against this backdrop, we propose an analysis of Bill No. 1584/2021
(Brasil, 2021a as cited in Meireles, 2022).

The sole paragraph of Article 2 of the regulation stipulates that its provisions
apply to all ship recycling yards and all vessels in AJB, regardless of their flag, with
two exceptions: Navy vessels and vessels under eight meters in length without
fixed mechanical propulsion (Brasil, 2021a as cited in Meireles, 2022).

On the other hand, Article 4 of the regulation in question provides definitions
for the terms used therein, enabling a more precise delineation of its scope (Meire-
les, 2022). In this context, item XVII of Article 4 establishes that ship recycling is
‘the activity of total or partial dismantling of a vessel in a ship recycling yard, with
the purpose of recovering components and materials for reprocessing,” also en-
compassing the management and handling of hazardous substances (Brasil, 2021a
as cited in Meireles, 2022).

Article 4 further clarifies that the term ‘vessel’ also covers offshore oil- and gas-
exploration facilities that must be decommissioned in the near future (addressed in
ANP Resolution No. 817/2020), in addition to boats, barges, and ships that transport

people or cargo and are already commonly understood as vessels (Meireles, 2022),
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as follows:

Any structure, including floating platforms and, when towed, fixed ones, that
is subject to registration with the maritime authority and is capable of moving on
water, whether self-propelled or not, for the transport of persons or cargo (BRA-
SIL, 2021a)

With regard to recycling, the bill is highly relevant for directing vessels to recy-
cling, and it sets out the steps and guidelines that the owner must follow to prepare
the vessel for recycling, namely (Brasil, 2021a as cited in Meireles, 2022): “Main-
tain an inventory of hazardous materials (in the form proposed by the IHM in the
HKC) to be compiled before the vessel enters the yard, so as to minimize the
amount of waste remaining on board after the operation, and to hold a certificate
of readiness for recycling issued by the competent authority.”

By requiring the owner of a vessel to decommission it properly and send it for
recycling, the proposed regulation will close a regulatory gap and help tackle the
problem of improper disposal and the emergence of ship graveyards, a situation

the country currently faces (Meireles, 2022).

5. Very Large Floating Structures (VLFS) as a Sustainable
Solution

5.1. Benefits of Reusing VLFS Post-Decommissioning

Driven by growing interest in deep-water natural-resource exploration, the envi-
ronmental impact of the offshore production chain has moved to the forefront of
debate. Concern for sustainability is now unmistakable, especially in oil- and gas-
related activities—sectors viewed as controversial amid climate change and the
energy transition. Consequently, every stage of offshore operations must mini-
mize impacts, decommissioning included.

In the early days of the oil-and-gas industry, many structures were installed
with no clear plan for the end of production; they were simply abandoned or sunk
once their useful life was over, sidestepping the high cost of proper planning and
disposal. As the offshore sector matured, however, decommissioning—the phase
in which facilities are taken out of service—gained prominence and is now deemed
essential to the life cycle of deep-water projects, above all because of safety and
environmental concerns. According to FGV Energia (2024), decommissioning
comprises: process planning, integrity assessment, depressurization, removal of
residual contaminants, isolation, disconnection, cutting and lifting the platform
in manageable sections, removal or abandonment of production-infrastructure
lines, dismantling, and final disposal. The early steps are tightly regulated to en-
sure legal compliance and mitigate environmental harm, whereas the later steps
can be tailored to the chosen post-decommissioning solution, allowing cost sav-
ings and logistical optimization—so long as the solution remains within regula-
tory bounds.

Today, the main options for decommissioned platforms are: leave-in-place for

reuse, complete removal, partial removal, or toppling—each carrying distinct eco-
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nomic, environmental, and logistical trade-offs. Complete removal entails full dis-
assembly of the platform, transport to shore or, in some cases, controlled sinking
in authorized areas. Although it incurs high costs and significant environmental
impacts during decommissioning, it eliminates permanent interference with the
marine environment and shipping lanes once the platform is gone. Partial removal
consists of taking off only the topsides or high-risk sections, leaving part of the
structure submerged. It carries intermediate cost, causes less environmental dis-
turbance during decommissioning, yet creates greater long-term occupation of
marine space. Toppling—depositing the structure on the seabed close to its orig-
inal position—proves the least viable option because of safety and environmental
risks. Finally, reuse through preservation and adaptation of the platform for new
functions offers low cost, minimal environmental interference, and lower safety
risks during decommissioning, even though it entails maintenance challenges,
stricter legal hurdles, and continued occupation of marine space (Santos et al.,
2024).

Among the post-decommissioning solutions, the most promising approach is
repurposing the structure, thereby transforming a liability into a socioeconomic
asset. Rather than scrapping these platforms, they can be adapted for new func-
tions, extending their lifespan and reducing waste generation. Maintenance for
reuse offers not only environmental benefits but also economic and logistical ad-
vantages, which may incentivize public agencies and corporations to adopt this
practice. Adapting platforms for new purposes leads to significant cost reductions
and optimizes the logistical and strategic aspects of dismantling and disposal—par-
ticularly in cutting, transportation, and material management. Additionally, envi-
ronmental impacts and safety risks during decommissioning are minimized, pri-
marily through reduced waste handling and fewer hazardous operations, resulting
in less disruption to marine ecosystems. Finally, these platforms can host new
business opportunities, accelerated by leveraging existing infrastructure, generat-

ing profit from post-decommissioning economic activities (Santos et al., 2024).

5.2. Technical, Regulatory, and Environmental Challenges

Despite being the most advantageous alternative in economic, environmental, and
safety terms compared to other decommissioning solutions, platform repurposing
still faces implementation barriers. The first challenges are regulatory: under ANP
Resolution No. 817/2020, all installations must be removed from the contracted
area, so alternatives such as partial removal or permanent in-situ retention may
only be admitted as exceptions, provided applicable regulatory requirements are
met and properly justified. Therefore, it is clear that maintaining platforms for
reuse is still restricted by legislation and lacks clear regulatory frameworks for
oversight and compliance, creating barriers to fully realizing its benefits (Santos
et al., 2024).

Regarding environmental issues, even though platform reuse is regarded as the

alternative with the lowest environmental impact, it still demands careful atten-
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tion to be considered a sustainable solution. The advantages relate to less interfer-
ence with the marine ecosystem, since complete dismantling or sinking of the
structure is avoided—along with the use of explosives, marine-life mortality, and
displacement of native species to the coast caused by full platform removal—and
to oil spills and release of toxic substances into the sea from platform toppling.
Additionally, the effects on local ecosystems—such as the transport of fouling or-
ganisms to new ecosystems and alterations to marine habitats, currents, and food
chains due to platform relocation or modification—must be monitored long-term
to assess the biodiversity and water quality impacts of repurposed structures (San-
tos et al., 2024). Moreover, the impact on local ecosystems—such as the transport
of fouling organisms to new habitats and the alteration of marine environments,
currents, and food webs caused by relocating or modifying the platforms—must
be monitored over the long term to assess the effects of the repurposed structure
on biodiversity and water quality (Santos et al., 2024).

Finally, the technical challenges are related to maintaining the structure after
its service life and adapting it to a new function. First, once its original purpose
has ended, it is necessary to ensure thorough cleaning and decontamination—in-
cluding the complete removal of hydrocarbon residues, heavy metals, and biolog-
ical fouling—to avoid environmental and health risks, as well as to verify struc-
tural integrity, since many aging platforms suffer from corrosion, fatigue, and ma-
terial wear, requiring costly inspections and reinforcement. Next, one must plan
the adaptation to new uses—such as layout changes, hull reinforcement, and in-
stallation of new systems—as well as relocation, since moving large structures to
another region involves stability risks, seabed impacts, and high costs (FGV En-
ergia, 2024).

5.3. Innovative Applications

5.3.1. Floating Power Platforms

Driven by the growing share of renewables in the energy mix, one of the most
promising reuse strategies is to convert fixed or semi-submersible platforms into
offshore power-generation facilities. These structures are retrofitted to produce
renewable energy in deep water, taking advantage of favorable wind, solar, and
wave conditions to turn former oil and gas platforms into sustainable generation
units. However, beyond the usual barriers to platform reuse—high upfront adap-
tation and maintenance costs, regulatory issues including specific environmental
licensing, safety, and logistics—there are still challenges unique to each type of
offshore generation.

The reuse of post-decommissioned offshore platforms for wind-power genera-
tion has been studied as a sustainable alternative that cuts high dismantling costs
and taps Brazil’s coastal wind resource. The northeast coast offers exceptional
wind conditions, making it feasible to install offshore wind turbines on the jackets
of decommissioned fixed platforms. The main benefits of this practice include the

reduction of environmental impacts through the reuse of existing structures,
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waste reduction, and contribution to the energy transition. However, significant
barriers remain: many Brazilian jackets, originally designed for oil exploration, do
not meet the structural criteria required by modern large-scale turbines (10 MW
or more), and there are also regulatory and financial uncertainties that hinder
large-scale implementation. Thus, reuse presents great potential but depends on
technical solutions for structural reinforcement and advances in the national reg-
ulatory framework to establish itself as a viable alternative (Quissanga, Nasci-
mento, & Galgoul, 2020).

The reuse of post-decommissioning offshore platforms for solar power genera-
tion emerges as an innovative alternative to the challenge of sustainable energy
transition. These structures, already installed in maritime areas, could be adapted
to receive photovoltaic panels, taking advantage of the ample available space and
the favorable natural cooling conditions provided by water, which increases effi-
ciency by up to 15% compared to terrestrial plants. Among the benefits are the
use of existing infrastructure, reduced pressure for large areas on land, and con-
tribution to the diversification of the Brazilian energy matrix. However, signifi-
cant barriers persist, such as the high costs of adaptation and maintenance, spe-
cific design requirements to withstand wave motion, and risks of environmental
impacts on marine biodiversity, including reduced water oxygenation due to lim-
ited sunlight penetration (Fontes, 2022).

Reusing offshore platforms after decommissioning for wave-energy production
represents a strategic opportunity within the sustainable energy transition. Origi-
nally built for oil and gas extraction, these structures can be retrofitted to convert
the energy of wave- and wind-induced rocking motion into electricity, taking ad-
vantage of their existing robust foundations. Key benefits include lower infra-
structure costs, extended service life of ocean assets, and the creation of a clean,
predictable renewable source that can complement other intermittent sources such
as solar and wind. Yet significant barriers remain: the technical complexity of adapt-
ing conversion systems to harsh marine conditions, high operation and mainte-
nance costs, and the need for geometric and structural optimization to maximize
energy absorption. Thus, the proposal combines technological innovation and
sustainability, but it hinges on advances in modeling, prototyping, and regulation
to become viable at scale (Braga, 2016).

Floating Power Platforms, which integrate offshore wind, solar, and hydrogen
generation, are at TRL 6 - 8, with prototypes and pilot projects in operation in
South Korea, Japan, and Norway, demonstrating technical feasibility, but still fac-
ing economic challenges associated with the cost of installation and maintenance

in the open sea.

5.3.2. Maritime Cities and Industrial Hubs

Maritime cities are urban centers strongly connected to the sea—through port,
fishing, tourism, or energy activities—and play a strategic role in coastal and
global economies. In the context of reusing post-decommissioning offshore plat-

forms, these cities can become innovation hubs by adapting such structures for
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renewable-energy generation, marine research, or sustainable tourism. Benefits
include stronger local energy security, the creation of skilled jobs, and the stimu-
lation of technological development that reinforces the city’s position in the inter-
national blue-economy arena. Moreover, by concentrating activities offshore,
pressures on already saturated urban and coastal spaces are reduced. The main
barriers, however, are the high costs of adaptation and maintenance, the logistical
infrastructure required to connect to the onshore power grid, and complex envi-
ronmental regulations that must ensure the protection of marine biodiversity.

Industrial hubs are logistic and production centers that cluster interconnected
economic activities, serving as integration points for value chains and technolog-
ical innovation. Converting post-decommissioning offshore platforms into indus-
trial hubs allows these structures to be used as bases for energy production and
storage, support for floating wind and solar farms, or even centers for ocean mon-
itoring and research. The benefits of this approach include leveraging existing in-
frastructure, diversifying the energy mix, and creating integrated industrial eco-
systems that enhance economic competitiveness. However, the barriers are sub-
stantial: they involve high technological and financial investment, the need to en-
sure operational safety in severe offshore environments, and dependence on reg-
ulatory frameworks and government incentives that enable large-scale deploy-
ment.

Maritime Cities and Industrial Hubs are at TRL 4 - 6, still in the prototyping
and simulation phase, with conceptual examples in Japan (Ocean Spiral) and the
United Arab Emirates (Sustainable Floating City), focusing on resilient urbanism

and green infrastructure, but far from large-scale commercial application.

5.3.3. Aquaculture, Research, or Defence Bases
Reusing offshore platforms after decommissioning for marine aquaculture repre-
sents an innovative strategy for productive ocean integration. In the face of de-
clining fish stocks and growing global demand for seafood, offshore aquaculture
emerges as a sustainable alternative to ensure food security and reduce depend-
ence on imports. Utilising existing platforms would cut infrastructure costs, ex-
pand open-sea farming areas, and exploit synergies with other activities such as
renewable-energy generation. Benefits include large-scale supplies of fish, shell-
fish, and algae, economic diversification of coastal regions, and the creation of
direct and indirect jobs. Nevertheless, significant barriers remain: high mainte-
nance costs in high-energy marine environments, technological requirements to
withstand currents and waves, consumer prejudice against farmed fish, and the
need for strict environmental controls to avoid impacts on marine ecosystems.
Thus, integrating decommissioning and aquaculture can be a viable path, pro-
vided it is accompanied by technological innovation, appropriate public policies,
and public awareness of the quality of farmed products (Freitas, 2013).

Reusing offshore platforms post-decommissioning for defence purposes fits
within the context of protecting the so-called Blue Amazon, a maritime area stra-

tegic to Brazil that holds high-value energy, mineral and biological resources.
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These structures, originally intended for oil and gas exploitation, could be repur-
posed as forward surveillance, monitoring and logistics-support points for the
Armed Forces, strengthening national sovereignty in areas far from the coast.
Benefits include lower costs compared with building new bases, a stronger mili-
tary presence in sensitive regions and integration of the platforms into strategic
systems such as SisGAAz (Blue Amazon Management System), designed for mar-
itime monitoring and defence. However, major barriers persist, such as the high
cost of adapting the structures for military use, vulnerability to attack and sabo-
tage, complex open-sea maintenance requirements and the need to comply with
international treaties and environmental legislation. Therefore, although they rep-
resent a strategic defence resource, their implementation demands strong coordi-
nation between security policy, technological development and diplomacy (Sande,
2015).

Floating bases for aquaculture, research, and defense are becoming more estab-
lished, reaching TRL 8 - 9, with several systems in operation in Norway, China,
and Singapore. These applications are considered technically mature and eco-
nomically viable, benefiting from standardized modules and operation in coastal

waters.

5.4. Circular Economy and the SDGs in the Context of
Decommissioning

In the context of offshore platform decommissioning, the circular economy emerges
as a strategic alternative for reducing environmental impacts and optimizing re-
sources. Rather than following a linear logic of disposal after the end of service
life, the aim is to reuse materials, equipment, and structures, extending their life
cycle and reducing the need for new raw materials. This approach favors practices
such as steel recycling, recovery of technological components, and adaptation of
platforms for new purposes such as renewable energy generation, scientific re-
search, or aquaculture. In addition to mitigating waste and emissions, the circular
model strengthens sustainability in the oil and gas sector, aligning with global de-
carbonization and energy transition commitments (Calderon, 2021).

In post-decommissioning, the circular economy expands its role by encourag-
ing the creation of productive chains focused on reintegrating materials and struc-
tures into the economic system. Platforms repurposed as industrial hubs, defense
bases, offshore energy parks, or aquaculture centers exemplify the application of
this concept, transforming environmental liabilities into economic and social as-
sets. The benefits include reducing costs associated with disposal, generating new
business models and jobs, and promoting the so-called blue economy. However,
challenges persist, such as the need for technological advances to enable adapta-
tions, clear regulations that encourage circularity, and financing mechanisms that
make such projects economically competitive (Calderon, 2021).

In the context of offshore platform decommissioning, the Sustainable Develop-

ment Goals (SDGs) offer an important framework for guiding decisions that rec-
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oncile economic growth, environmental preservation, and social well-being. The
activity, which involves the removal, recycling, or reuse of complex structures,
connects directly to goals such as SDG 12 (responsible consumption and produc-
tion) and SDG 14 (life below water), by seeking to minimize impacts on marine
ecosystems and ensure proper disposal of materials. Furthermore, the application
of sustainable practices during decommissioning can strengthen technological in-
novation and the circular economy, aligning the oil and gas sector with global
energy transition demands and the climate agenda (SDG 13) (FGV Energia, 2024).

In post-decommissioning, the incorporation of the SDGs expands opportuni-
ties to transform former liabilities into socioeconomic and environmental assets.
Decommissioned structures can be adapted for renewable energy generation, sus-
tainable aquaculture, scientific research, or industrial hubs, contributing to goals
such as SDG 7 (affordable and clean energy), SDG 8 (decent work and economic
growth) and SDG 9 (industry, innovation and infrastructure). In this way, the
process is not limited to the closure of operations, but becomes part of an inte-
grated sustainable development strategy that generates value for coastal commu-
nities, promotes social inclusion, and strengthens the so-called blue economy.
However, achieving this potential depends on clear regulatory frameworks, finan-
cial incentives, and mechanisms of governance that ensure compatibility between
investments and the commitments undertaken by Brazil in the 2030 Agenda (FGV
Energia, 2024).

Finally, the integration of the Circular Economy and the SDGs in Decommis-
sioning is situated in TRL 3 - 5, representing an emerging approach focused on
material reuse, recycling, and conversion of platforms for new uses (such as en-
ergy or logistics VLFs). This aspect still requires regulatory advancements, eco-
nomic incentives, and standardized methodologies for measuring environmental

impacts and benefits.

6. Final Consideration

Offshore decommissioning represents one of the greatest contemporary chal-
lenges for the oil and gas industry, requiring integrated solutions that balance op-
erational efficiency, safety, and sustainability. A comparison between onshore and
offshore projects shows that while the marine environment imposes higher costs
and greater technical risks, it also offers unique opportunities for innovation, es-
pecially in the reuse of floating structures and integration with new energy sources.

VLES (Very Large Floating Structures) stand out in this context as a strategic
driver of the energy transition, allowing the repurposing of decommissioned plat-
forms for logistical, scientific, and renewable generation functions (offshore wind
and solar). This approach not only reduces environmental liabilities but also con-
tributes to creating a circular economy in the maritime-energy sector.

From a regulatory perspective, it is essential that Brazil improve its regulatory
framework—such as ANP Resolution No. 817/2020—by integrating more robust

environmental guidelines and incentives for technological innovation, similar to
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what occurs in the United Kingdom and Norway.

Very Large Floating Structures (VLES) are emerging as strategic solutions for
the offshore energy transition, offering a promising path for the sustainable reuse
of decommissioned assets, renewable energy generation, and the integration of in-
dustrial processes in the marine environment. This study demonstrates that Brazil-
South Korea cooperation can catalyze significant advances in ocean engineering,
combining Korean technological maturity with Brazilian expertise in offshore ex-
ploration, opening space for innovation, technology transfer, and strengthening
the blue economy.

However, research gaps remain that need to be addressed to consolidate the large-
scale adoption of VLEFS. First, there is a need for long-term studies on the ecological
and oceanographic impacts resulting from the conversion and continued operation
of repurposed structures, especially regarding the alteration of benthic ecosystems
and local biogeochemical cycles. Second, research into new structural materials—
such as hybrid composites, lightweight alloys, and intelligent anti-corrosion coat-
ings—is essential to enable the retrofitting of existing platforms and increase their
durability under harsh conditions. Finally, there is a lack of integrated economic
and regulatory models capable of quantifying positive environmental externali-
ties, structuring financial incentives, and aligning VLES projects with global car-
bon neutrality targets and maritime SDGs.

Therefore, future research should prioritize multidisciplinary approaches, com-
bining engineering, economics, law, and environmental sciences, to consolidate
the technical, ecological, and institutional viability of floating light rail systems
(FLRS). Only with this integration will it be possible to transform floating struc-
tures into pillars of a just, resilient, and globally sustainable energy transition.

Finally, sustainable decommissioning in the country must be guided by regula-
tory transparency and predictability for investors, integrated planning between
ANP,IBAMA, and the Navy, incentives for research in cutting, removal, and reuse
technologies, and recognition of VLES as a solution for a just and efficient energy
transition.

Thus, decommissioning ceases to be merely a legal obligation to become an op-
portunity for innovation and industrial reconversion, contributing to a new sus-

tainable cycle of the Brazilian blue economy.
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