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Abstract

This review discusses new innovations in residue upgrading technologies for the conversion of heavy oil fractions into
high-value products, especially for Delta and Rivers States of the Niger Delta region. Recent works within the 2020-2024
period show that upgrading methods have been significantly developed; however, no prior work has been done
regarding applying those upgrading techniques to the peculiar nature of crude oil from this region. The paper probes
the environmental impacts of these technologies, emphasizing the need for localized assessment that would take into
consideration the fragile ecosystems of Delta and Rivers States. It further assesses the economic viability of scaling up
the implementation of advanced upgrading processes within the current refining infrastructure. The discussion covers
variable quality heavy oil in these regions and what that does to upgrading efficiency, how to integrate these
technologies into the current refining practices, underlines the potential socio-economic advantages for the local
communities through the creation of jobs and enhancing the skills of those communities to underscore the importance
of these innovations for sustainable development. The review establishes that in such siamese twin areas, further
research is needed to ensure that heavy oil resources in Delta and Rivers States are utilized effectively while ensuring
that there is a minimal environmental impact from the extraction process.

Keywords: Residue Upgrading; Heavy Crude Fractions; Niger Delta; Environmental Impact; Socio-Economic
Development.

1. Introduction

The Niger Delta region, which includes Delta and Rivers States, is one of the most important oil-producing regions in
Nigeria. It is home to vast reserves of heavy oil, which plays a critical role in the country's economy [1]. However, heavy
oil fractions are more difficult to process than lighter crude oils due to their high viscosity, sulfur content, and metal
impurities as shown in (Table 1). These challenges necessitate advanced residue upgrading technologies to maximize
the value of the region's oil resources.
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Table 1 Characteristics of Heavy Oil in Delta and Rivers States [2].

Parameter Delta State Oil Rivers State 0Oil
API Gravity (°API) | 18-22 19-23

Sulfur Content (%) | 3.5-5.0 3.8-4.8
Viscosity (cSt) 100-120 90-115

Despite the region's significance, research on residue upgrading technologies tailored to the specific properties of the
heavy oil found in the Niger Delta is limited. Recent global advancements in upgrading processes, including thermal,
catalytic, and bioconversion methods, offer promising opportunities to improve oil quality, reduce environmental
impacts, and increase the economic viability of oil production in this area [3]. Residue upgrading technologies are
essential for transforming heavy oil fractions into high-value products such as gasoline, diesel, and petrochemical
feedstocks [4]. This transformation not only increases the economic value of heavy oil but also helps to reduce the
environmental footprint of refining operations [5]. In the Niger Delta, where environmental degradation and pollution
have raised concerns, the adoption of cleaner and more efficient residue upgrading processes is crucial. Upgrading
technologies present significant advantages, including increased efficiency in converting heavy oil into valuable
products, reduced emissions and waste from oil refining, and economic growth through enhanced local industries and
job creation [6]. Given the urgent need for sustainable development in the Niger Delta, this review focuses on exploring
the application of recent innovations in residue upgrading, specifically in Delta and Rivers States, along with their
environmental and economic implications. The primary objective is to critically assess innovations in residue upgrading
technologies from 2020 to 2024, identify research gaps regarding their adaptation to the Niger Delta's unique crude oil
characteristics, evaluate the environmental impacts and economic feasibility of these technologies, and examine the
potential socio-economic benefits, such as job creation and skills development, for local communities.

2. Literature Review

Residue upgrading refers to the process of converting heavy oil fractions and residual by-products from petroleum
refining into more valuable products, such as lighter fuels (gasoline, diesel) and petrochemical feedstocks [7]. These
technologies play a pivotal role in maximizing the value derived from crude oil, especially in regions like the Niger Delta,
where heavy oil is predominant [1]. In conventional refining, the residue left after distillation contains high levels of
sulfur, metals, and other contaminants, making it unsuitable for direct use in most applications [8]. Without upgrading,
this heavy residue has limited economic value, often being used for low-quality products such as fuel oil. Through
upgrading technologies, refiners can improve the quality of these fractions, thereby increasing their economic value and
reducing the environmental impact of waste products [9].

2.1. Types of Residue Upgrading Technologies

Several residue upgrading technologies have been developed to address the challenges posed by heavy oil fractions.
The most widely used techniques include thermal upgrading, hydrocracking, catalytic upgrading, and emerging
technologies like bioconversion and supercritical fluids [10]. Figure 1 illustrates the Integrated solvent deasphalting
(SDA), thermal and hydroprocessing processes involved in residue upgrading.
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Figure 1 Integrated solvent deasphalting (SDA), thermal and hydroprocessing processes [11].

2.1.1. Thermal Upgrading

Thermal upgrading involves using heat to break down large hydrocarbon molecules in the heavy residue, transforming
them into lighter and more valuable fractions [12]. Common thermal upgrading techniques include: Visbreaking: A mild
thermal cracking process that reduces the viscosity of heavy oil fractions, producing lighter products suitable for
blending into fuels [13]. Coking: A more severe thermal process that cracks long-chain hydrocarbons into lighter
molecules, producing coke (a solid carbon by-product), gas oils, and naphtha [14]. From (Table 2) below, it has shown
that the coking process gives a higher product yield so can be employed in residue upgrading for the Niger Delta crude
oil.

Table 2 Comparison of Major Thermal Upgrading Methods [15].

Process Temperature (°C) | Pressure (Bar) | Product Yield (%) | Residue Output (Coke)
Visbreaking | 450-500 5-10 40-50 Low
Coking 480-520 1-5 70-80 High

2.1.2. Hydrocracking

Hydrocracking is a catalytic upgrading process that uses hydrogen gas under high pressure to break large hydrocarbon
molecules in the presence of a catalyst [4]. This process is highly effective for converting heavy residues into lighter,
higher-value products such as jet fuel, diesel, and naphtha [16]. Hydrocracking also has the advantage of reducing sulfur
content, which helps meet environmental regulations [17].

2.1.3. Catalytic Upgrading

Catalytic upgrading involves the use of catalysts to accelerate the breakdown of heavy hydrocarbons into lighter
fractions [18]. Unlike thermal processes, catalytic methods operate at lower temperatures and produce fewer
undesirable by-products such as coke [19]. Some of the most widely used catalytic upgrading techniques include: Fluid
Catalytic Cracking (FCC): A process that uses a fluidized catalyst to convert heavy residues into gasoline and other light
fractions [20]. Residue Fluid Catalytic Cracking (RFCC): A variant of FCC designed to handle heavier feeds and produce
a higher yield of lighter, more valuable products [21].
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Figure 2 A schematic diagram of a modern refinery containing most of the processes described above [22].

2.1.4. Emerging Technologies

Recent advancements have introduced novel approaches to residue upgrading, particularly for regions with unique
crude oil characteristics such as the Niger Delta:

Bioconversion: Uses microorganisms to biologically break down heavy oil into lighter components, offering a more
environmentally friendly alternative to traditional upgrading [10]. Supercritical Fluids: This technology uses
supercritical fluids (e.g. carbon dioxide) at high pressures and temperatures to dissolve heavy hydrocarbons and
facilitate their conversion into lighter fractions [23]. (Table 3) below shows that the use of bioconversion residue
upgrading technology has a lower environmental impact compared to supercritical fluid technology in heavy crude oil
regions used as case studies below. These technologies can be replicated in the Niger Delta Regions especially in Rivers
and Delta States.

Table 3 Emerging Technologies in Residue Upgrading [24].

Technology Region Applied | Environmental Impact | Efficiency (%)
Bioconversion North America Low 70 -75
Supercritical Fluids | Europe Moderate 80 -85

3. Discussions and Analysis

This section critically analyzes the current innovations in residue upgrading technologies, emphasizing their relevance
and potential application to the unique context of the Niger Delta. The advancements from 2020 to 2024 are evaluated
not only for their technical merits but also for their environmental, economic, and socio-political implications.
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Table 4. Recent Technological Advancements.

Technological Description Citations
Advancements

Hydrocracking Advanced hydrocracking with dual-function catalysts increases the yield of lighter | [4]
Innovations products while reducing by-products like coke. These technologies are essential

for heavy oil residues from the Niger Delta due to their high sulfur content. High
capital costs are a challenge for local refiners.

Bioconversion Bioconversion uses microorganisms to degrade heavy hydrocarbons into lighter | [25]
Potential fractions. It offers environmental benefits and aligns with sustainable
development goals. However, its practicality in the Niger Delta depends on
adapting the technology to local conditions like temperature and oil types.

Supercritical Fluid | Supercritical fluid technologies, especially using supercritical CO,, operate at | [26]
Technologies lower temperatures and pressures, reducing environmental risks. However, their
economic feasibility and scalability are still under-researched, and initial
investment costs may be high.

3.1. Environmental Considerations

The environmental implications of residue upgrading technologies in the Niger Delta are crucial due to the region's
sensitive ecosystems and history of oil spills. Adopting cleaner technologies like bioconversion and supercritical fluid
processes can help reduce emissions and mitigate environmental damage, promoting a more sustainable oil and gas
industry. However, localized environmental studies are essential to assess the specific impacts of these technologies on
the region, ensuring regulatory compliance and fostering public acceptance [27].

3.2. Economic Viability and Scalability

The economic feasibility of adopting advanced upgrading technologies in the Niger Delta depends on several factors,
including implementation and maintenance costs, which may limit widespread adoption. Market dynamics play a crucial
role, as establishing stable demand for high-value products from upgraded heavy oil is necessary to justify investments.
Additionally, integrating these technologies into existing refining infrastructure requires significant investments in
facility upgrades and workforce training, presenting both challenges and opportunities for local economic development
[28].

3.3. Socio-Economic Implications

Adopting advanced upgrading technologies in the Niger Delta could have significant socio-economic benefits, including
job creation and skills development. The implementation of these technologies would generate skilled positions in
operation and maintenance, while training programs for local communities would equip the workforce to manage these
innovations. Additionally, involving local communities in decision-making processes is crucial to foster trust and ensure
that the initiatives align with their needs and interests, ultimately promoting more sustainable and inclusive growth in
the region [29].

4. Current and Emerging Trends

The residue upgrading industry is witnessing significant shifts towards sustainability, driven by stringent
environmental regulations and the need for greener processes. Key trends include the adoption of carbon capture and
storage (CCS) technologies, which aim to minimize greenhouse gas emissions, and the implementation of circular
economy principles that focus on resource recovery and waste reduction. Additionally, the integration of digital
technologies, such as artificial intelligence (AI) and machine learning, is optimizing upgrading operations through real-
time data analysis and predictive maintenance, ultimately enhancing efficiency and reducing operational costs [30].
Emerging innovations are also shaping the future of residue upgrading. Biotechnological advancements, particularly in
genetic engineering, are enabling the development of tailored microorganisms that can efficiently degrade heavy
hydrocarbons [31].

This approach not only improves bioconversion rates but also aligns with sustainable practices. Moreover,

nanotechnology is being explored to enhance catalytic processes and thermal upgrading techniques, while the
integration of renewable energy sources is gaining traction, promoting hybrid systems that reduce reliance on fossil
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fuels and lower overall emissions [32]. For the Niger Delta, these trends present both opportunities and challenges.
Adapting current and emerging technologies to local conditions is crucial, given the region's unique heavy oil
characteristics and environmental context. By fostering collaboration among industry stakeholders, academia, and
government, the Niger Delta can leverage these advancements to enhance residue upgrading processes. Supportive
policies and investment in research and development will be vital in positioning the region as a leader in sustainable
energy practices, ultimately contributing to both economic growth and environmental protection.

5. Limitations of the Study

While this review provides valuable insights into innovations in residue upgrading technologies for the Niger Delta,
several limitations should be acknowledged. First, the scope of the review primarily focuses on advancements in residue
upgrading from 2020 to 2024. This narrow time frame may overlook earlier foundational research and technologies
that continue to influence current practices. Future studies should encompass a broader historical perspective to fully
understand the evolution of residue upgrading technologies and their applicability to the Niger Delta. Secondly, the
review emphasizes the importance of localized adaptations of global technologies; however, it does not delve deeply
into specific case studies from the Niger Delta itself. The lack of region-specific data limits the ability to draw definitive
conclusions about the feasibility and effectiveness of certain technologies in local contexts. Future research should
prioritize empirical studies that evaluate the performance of these technologies directly within the Niger Delta,
considering the unique characteristics of its heavy oil and environmental conditions. Lastly, the socio-economic aspects
discussed in the review, including job creation and community engagement, require more comprehensive exploration.
While the potential benefits are highlighted, detailed assessments of how these technologies can be integrated into local
economies and the specific barriers to adoption were not fully addressed. Further research should include stakeholder
analysis, community perspectives, and economic impact assessments to provide a holistic understanding of the
implications of residue upgrading technologies in the Niger Delta.

6. Conclusion

In summary, innovations in residue upgrading technologies offer promising opportunities for the Niger Delta, blending
technological advancement with environmental and socio-economic benefits. The region’s unique heavy oil
characteristics require tailored approaches, but emerging technologies such as bioconversion show potential for
transforming heavy oil into high-value products with minimal environmental impact. Closing the existing knowledge
gaps and fostering community involvement will be crucial to ensure that these innovations not only improve local
employment but also contribute to sustainable development. Ultimately, this study highlights that by embracing residue
upgrading advancements, the Niger Delta can lead the way in sustainable oil and gas practices. This study will benefit
society by promoting environmental conservation, boosting economic growth, and fostering local development through
technological innovations. The way forward involves continued research, stakeholder engagement, and scalable
implementation.
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