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Abstract 
Marine plastic pollution represents one of the gravest environmental challenges confronting modern society. This 

paper explores engineering-driven strategies aimed at reducing and mitigating plastic waste in marine ecosystems. 

Through a detailed analysis of technological advancements—including biodegradable material innovation, large-

scale cleanup systems, and advanced recycling technologies—this study emphasizes the essential role of 

engineering in restoring oceanic health. Drawing on global projects and real data, the research concludes that 

only a multi-pronged, engineering-centered approach can ensure a sustainable future for marine environments. 
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I. Introduction 
Plastic pollution has escalated to alarming levels, with nearly 11 million tonnes entering the oceans 

annually (Parker, 2022). These numbers are expected to triple by 2040 unless effective interventions are 

implemented (UNEP, 2023). Plastics, once celebrated for durability and low cost, now persist in ecosystems for 

centuries. They fragment into microplastics, infiltrating aquatic food chains and ultimately threatening marine life, 

human health, and global economies dependent on fisheries and tourism. 

Engineers play a crucial role in reversing this damage. From robotic cleanup systems to AI-based 

monitoring, engineering provides the tools to develop preventive and remedial strategies. The integration of 

biodegradable materials, recycling innovation, and international collaboration offers a path toward a circular, 

low-waste future. 

 

Sources of Marine Plastic Pollution 

Source Estimated Contribution (%) 

Land-based (litter, runoff)                            80 

Fishing Industry                            10 

Shipping                              5 

Wastewater                              3 

Tourism                               2 

Figure 1: Major sources of marine plastic pollution. 
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II. Literature Review 
Studies suggest that 70–80% of marine debris originates from land-based sources such as litter, poor 

waste management, and industrial discharge (Jambeck et al., 2015). Once in the ocean, plastics degrade slowly, 

creating microplastics that infiltrate marine food webs (Lebreton & Andrady, 2019). The Ocean Cleanup Project 

and Seabin Project have demonstrated the feasibility of mechanical and autonomous systems to remove plastics 

from oceans and coastal waters. 

Recent literature also emphasizes cross-disciplinary innovation. Engineers, chemists, and 

environmental policymakers are developing new recycling methods such as enzymatic depolymerization and 

pyrolysis, which convert plastics into reusable fuels and raw materials. This convergence of technology and policy 

underscores that engineering is central to reducing marine pollution sustainably. 

 

 
 

Engineering Solutions 

Engineering responses to marine plastic pollution can be grouped into three major categories: Prevention, 

Collection, and Conversion. 

1. Prevention through Material Innovation 

Modern research focuses on developing biodegradable polymers such as Polyhydroxyalkanoates 

(PHAs) and Polylactic Acid (PLA), which degrade naturally in seawater. For example, Japan’s National 

Institute of Advanced Industrial Science has achieved over 90% biodegradation under simulated 

marine conditions. These materials reduce dependency on petroleum-based plastics while maintaining 

commercial usability. 
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2. Collection and Removal Technologies 

Mechanical systems such as floating barriers, autonomous drones, and vacuum skimmers are 

designed to remove waste from surface waters. The Ocean Cleanup’s “Interceptor” vessels operate in 

rivers, stopping plastics before they enter the ocean. By 2023, over 2 million kilograms of waste had 

been removed from global waterways. 

3. Conversion and Recycling Technologies 

Chemical recycling innovations like pyrolysis and solvolysis break down polymers into usable fuels or 

monomers. Companies in Singapore and Europe are now commercializing these closed-loop systems, 

ensuring that plastic waste re-enters the production cycle instead of polluting the ocean. 

Figure 2: Global trend of plastic waste entering oceans (2010–2025). 

 (Graph shows an increase from 6 to 12.8 million tonnes annually.) 

 

Case Studies 

• The Ocean Cleanup – Founded by Boyan Slat, it uses U-shaped floating barriers to collect debris driven 

by natural ocean currents. As of 2023, the project has removed over 250,000 kilograms of ocean plastic. 

• The Seabin Project – Deploys floating bins in marinas to collect litter, oil, and microplastics. Each unit 

captures about 1.5 kilograms daily, filtering pollutants and preventing reentry. 

• Kaiko Robotics Program (Japan) – Employs autonomous underwater robots to detect and collect 

submerged plastics, representing a significant frontier in marine cleanup technology. 

Figure 3: Regional recycling efficiency (Europe 42%, Asia 20%, North America 30%, Africa 10%). 

 

Global Policy and Engineering Collaboration 

Engineering innovations require policy and global coordination to be effective. The United Nations 

Environment Programme (UNEP) is leading the Global Plastics Treaty, aimed at binding nations to reduce 

plastic waste through product redesign, material innovation, and waste management infrastructure. Engineering 

supports these goals through life-cycle assessments and eco-design tools that guide sustainable manufacturing. 

The European Union’s Circular Economy Plan has invested billions in waste infrastructure and R&D to 

encourage advanced recycling systems. Meanwhile, Project STOP in Indonesia, a partnership between Borealis 

and SYSTEMIQ, demonstrates how engineering expertise combined with local community engagement can 

reduce plastic leakage by over 70%. 

The Clean Seas Campaign, involving 63 countries and 2,000 corporations, unites governments and industry 

leaders to develop large-scale sorting facilities using AI-based robotics and infrared sensors for waste 

differentiation. Similarly, the Global Plastic Action Partnership (GPAP), supported by the World Economic 

Forum, has launched innovation hubs across Africa and Asia to scale up engineering prototypes for waste-to-

value conversion. 

Collaborative education and R&D also play a vital role. Universities in the U.S., Japan, and Germany now offer 

marine engineering programs focusing on sustainable systems design. Students and startups emerging from these 

programs are using predictive modeling and AI logistics tools to track, quantify, and manage marine waste flow 

effectively. This integration of policy, technology, and education forms a powerful triad for long-term marine 

sustainability. 

 

Future Innovations 

The next generation of marine pollution control will rely on AI, robotics, and nanotechnology. 

• AI-powered monitoring systems track waste in real time using satellite imagery. 

• Autonomous robotic vessels powered by solar energy can detect, collect, and sort debris with precision. 

• Nanotechnology-based filters are being tested to capture microplastics smaller than 50 nanometers 

before they enter ocean systems. 

In material science, bio-based composites from seaweed, algae, and agricultural waste are being tested as 

replacements for single-use plastics. Engineers are also exploring marine enzymes that can break down 

polyethylene terephthalate (PET), turning harmful waste into harmless organic matter. 



Engineering Solutions to Marine Plastic Pollution 

DOI: 10.35629/2532-11110104                                  www.questjournals.org                                             4 | Page 

 
 

III. Conclusion 
Marine plastic pollution is not only an environmental crisis but also an engineering opportunity. 

Through advancements in biodegradable materials, AI-enabled cleanup systems, robotics, and recycling, 

humanity can shift toward a circular, closed-loop economy. However, technology alone is insufficient—global 

collaboration and policy alignment are vital for large-scale success. Engineers, scientists, governments, and 

citizens must work together to preserve the oceans as a shared, life-sustaining resource. 
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