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Marine plastic pollution, particularly from fishing 
activities and coastal communities, poses a growing 
environmental challenge, with Southeast Asia being 
a significant contributor. The SEAFDEC Training 
Department, under the project “Sustainable 
Utilization of Fisheries Resources and Resources 
Enhancement in Southeast Asia” supported by the 
Japanese Trust Fund 6-2, conducted a study to address 
this issue by exploring a thermal pyrolysis-based 
solution to convert marine plastic debris, specifically 
nylon netting fragments from crab bottom gillnets 
and discarded plastic bags, into usable fuel. A survey 
of local fishers in ten fishing communities along the 
coast of Rayong, Thailand in 2023 indicated that each 
community generated significant amounts of nylon 
netting fragments from crab bottom gillnets, guided 
the design of a 5-liter reactor capable of processing 
1–3 kg of waste. The pyrolysis process, conducted 
at temperatures between 400 °C and 550 °C, 
demonstrated that discarded plastic bags yielded a 
higher oil recovery rate (47.3 %) compared to nylon 
netting fragments (20.0 %), highlighting the influence 
of material composition on oil yield. Furthermore, 
discarded plastic bags were found to be more suitable 
for pyrolysis due to their quicker ignition and milder 
odor. While the distillation energy requirements for 
both types of marine plastic debris were similar, 
the study identified challenges with nylon netting 
fragments, including lower oil yield and difficulty with 
ignition, which may necessitate further technological 
development to enable effective conversion, such 
as zeolite catalyst pyrolysis. The study suggests that 
converting marine plastic debris into useful fuel could 
provide a sustainable waste-management solution and 
add value to it for small-scale fishing communities. 
However, further optimization of the process is 
required to maximize efficiency and mitigate 
environmental impacts.
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Marine debris is a significant transboundary environmental 
issue, with 80 % of the debris originating from onshore 
activities such as communities, businesses, and beach tourism. 
The remaining 20 % comes from activities at sea, including 
fishing, illegal dumping, and maritime tourism. Plastic 
waste makes up many types of marine debris (Box), with an 

estimated 4.8–12.7 million t of plastic leaking into the ocean 
annually, contributing to a global total of around 275 million t 
(Thongpaichit et. al., 2024). Consequently, the situation is 
worsening, especially in Southeast Asia, where plastic 
pollution is a growing threat. Approximately 14 million t of 
plastic waste enter the oceans globally each year, accounting 
for 80 % of marine debris. This pollution poses risks to food 
safety, human health, and marine activities. In Southeast Asia 
alone, an estimated 580,000 t of plastic waste leak into the 
ocean annually, exacerbating the region's plastic pollution 
crisis (Guzman, 2022). 

Box: Types of marine plastic debris 
(Vijayakumar et. al., 2018)

Polyethylene terephthalate (PET) is a lightweight, durable 
thermoplastic polymer commonly used in packaging due to 
its high strength, chemical resistance, and excellent barrier 
properties. It is ideal for food and beverage containers, such 
as bottles for water, soft drinks, and juices, due to its low gas 
and moisture permeability, clarity, and food-safe nature. PET 
is also used in electrical insulation components and films for 
applications like printing, magnetic tapes, and X-ray films. Its 
recyclability and potential to be converted into products like 
textile fibers contribute to its role in sustainable manufacturing.

High-density polyethylene (HDPE) is a type of plastic made 
from long, straight chains that form a strong, tightly packed 
structure, giving it high strength, stiffness, and impact resistance. 
It is highly resistant to chemicals, moisture, and temperature 
extremes, making it ideal for a wide range of applications. HDPE 
is commonly used in food and beverage containers, household 
products, chemical-resistant oil containers, storage drums, 
piping systems, toys, playground equipment, plastic bags, and 
geomembranes for environmental engineering. Its durability 
and versatility make it a preferred material in both consumer 
and industrial sectors.

Low-density polyethylene (LDPE) has more branching in 
its molecular chains, resulting in lower tensile strength and 
higher flexibility than high-density polyethylene (HDPE). This 
structure makes LDPE less crystalline, with a lower melting 
point, ideal for applications requiring pliability. It is commonly 
used in flexible packaging, such as plastic bags, juice cartons, 
and plastic wraps, as well as disposable items like snap-on lids 
and six-pack rings. LDPE also serves as a corrosion-resistant 
material for work surfaces, tubing, playground slides, electrical 
components, and various molded parts for industries such as 
automotive, computer hardware, and laboratory equipment.
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Box: Types of marine plastic debris 
(Vijayakumar et. al., 2018) (cont’d)

Polyamides, including natural forms such as wool and silk and 
synthetic ones such as nylon, are polymers linked by amide bonds 
that confer strength, elasticity, and chemical resistance. These 
properties make polyamides valuable for textile and industrial 
uses. In engineering, they are thermoplastics that offer stability 
and resistance under mechanical stress and environmental 
exposure. Aliphatic polyamides, like nylon, are flexible with 
moderate heat resistance, while aromatic polyamides (aramids, 
like Kevlar) are more durable and heat-resistant, ideal for 
high-stress applications. Their abrasion resistance, low density, 
and corrosion resistance make them suitable for automotive 
components, cable protection, fiber optics, and fisheries, 
where polyamide nets and ropes are used for their strength and 
durability in marine conditions.

Polypropylene (PP) is a thermoplastic polymer known for its 
excellent chemical and heat resistance, with a high melting 
point of 160°C. Its linear hydrocarbon chain confers thermal 
stability, hardness, and rigidity, making it highly valuable in 
the plastics industry. With a lower density than HDPE, PP is 
versatile, durable, and used in a wide range of applications, 
including flowerpots, office folders, car bumpers, furniture, and 
storage boxes. Its resilience and lightweight properties make 
it a common material in consumer and industrial products, 
contributing to its prevalence in municipal solid waste.

Polyvinyl chloride (PVC) is a versatile plastic polymer valued 
for its strength, flexibility, and chemical resistance. It is widely 
used in construction for pipes, window frames, and roofing, as 
well as in healthcare for products like tubing and blood bags. PVC 
is also used in electrical cables, packaging, automotive parts, 
and children’s toys, with additives enhancing its properties. In 
the fisheries industry, PVC’s durability and corrosion resistance 
make it ideal for water systems, drainage, nets, ropes, and 
fishing equipment. Its adaptability and ease of processing also 
make it suitable for storage containers and seafood packaging.

Polystyrene (PS) is a synthetic polymer made from styrene 
monomers, offering chemical stability, rigidity, and versatility. 
It is commonly used in food packaging, especially in foam 
containers and cups, due to its insulating properties. PS is also 
found in electronics, construction materials, medical supplies, 
household appliances, toys, and consumer goods. Despite 
its widespread use, PS poses significant waste management 
challenges. It is not typically recycled due to contamination 
risks and its low density, leading to large volumes of non-
biodegradable waste, particularly in foam form, which often 
ends up in landfills, contributing to environmental pollution.

To address this issue, the Association of Southeast Asian 
Nations (ASEAN) has led an initiative to tackle climate change 
and marine plastic pollution in the Southeast Asian region. 
In 2019, the ASEAN Member States (AMSs) and relevant 
stakeholders adopted the Bangkok Declaration on Combating 
Marine Debris to facilitate regional collaboration between 
ASEAN to reduce plastic pollution and prevent marine debris 
(ASEAN, 2021). In this connection, the Resolution and 
Plan of Action on Sustainable Fisheries for Food Security 
for the ASEAN Region Towards 2030 (RES&POA-2030) 
which was adopted in 2020, specified that POA No. 72 – 
Promote awareness and actions to reduce marine debris from 
fisheries activities; POA No. 73 – Develop and disseminate 
technologies for responsible waste management in fishing 
communities.

Under the Japanese Trust Fund (JTF) 6-2, the project 
“Sustainable Utilization of Fisheries Resources and 
Resources Enhancement in Southeast Asia” implemented by 
the SEAFDEC Training Department (TD) aimed to further 
develop strategic partnerships and cooperation to maximize 
the synergies and complementarities among the various 
stakeholders, e.g., government, private sector, civil society, 
and relevant development partners and donor agencies, in 
addressing regional and global challenges that may impact 
sustainable development of fisheries and aquaculture 
throughout the supply chain. Moreover, the Project also 
intended to increase awareness and support the reduction of 
impacts of aquatic pollution and marine debris, including 
abandoned, lost, or otherwise discarded fishing gear (ALDFG) 
and microplastics/microbeads on fisheries and aquaculture. 

To address the growing challenge of marine plastic pollution, 
the Project conducted a study to propose a solution by 
converting plastic waste into energy. The objectives of the 
study were to identify a straightforward method and design 
an apparatus that can convert discarded, low-value plastic 
waste into fuel, as well as assess the conversion efficiency of 
the apparatus with the goal of future improvements that could 
benefit small-scale fishing communities. The study developed 
a simple method and device that can transform marine plastic 
debris, primarily sourced from fishing communities or 
retrieved from the sea, into usable gas or fuel. This approach 
could add value to plastic waste, reduce energy costs for 
fishers, and help decrease the amount of plastic in both the 
ocean and coastal communities. 

Mitigating the prevalence of marine 
plastic debris 

To investigate the prevalence of marine plastic pollution, 
SEAFDEC/TD conducted a survey from 28 to 31 September 
2023 at ten fishing communities along the coast of Rayong, 
Thailand (Figure 1).  Using a questionnaire, a total of 27 crab 
gillnet fishers were interviewed to identify the types of marine 
plastic debris, assess current waste management practices, 
and determine the specific needs of these communities for 
addressing plastic waste. 

Results from the survey indicated a diverse range of marine 
plastic debris, including degraded fishing gear, packaging, 
containers, and gallons. Based on the perceived economic 
value, marine plastic debris was categorized into high-value 
and low-value plastic waste. The high-value plastic waste 
included gallons, bottles, and fishing nets, while the low-
value plastic waste included single-use bags. The high-value 
plastic waste was collected by fishers in larger quantities and 
sold to recycling collectors, offering fishers a supplemental 
income source. This trend highlighted an economic motivation 
for environmental stewardship within fishing communities, 
where waste management can both reduce marine pollution 
and provide financial benefits.
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Figure 1. A survey conducted 
across ten fishing communities 

along the coast of Rayong, 
Thailand, in 2023

(a)

(b)

Figure 2. Marine plastic debris found along the coast of Rayong, 
Thailand, includes nylon netting fragments from 

crab bottom gillnets (a) and discarded plastic bags (b) 

The nylon netting fragments from crab bottom gillnet 
(Figure 2a) were collected by fishers which are high-value 
plastic waste made of polyamide polymer. This type of marine 
debris is commonly generated in fishing communities when 
the nets are worn after several rounds of fishing operations, 
and nylon netting is typically replaced every two months. The 
simple management method that fishers use for high-value 
nylon netting fragments is to sell them to local recycling 
collectors from the net factory when large amounts of 
discarded nets accumulate. According to the interviewed 
fishers, they accumulated around 100–200 kg of nylon netting 
fragments each month, which they clean and dry under the 
sun and sell at around USD 0.43/kg. 

Moreover, different management methods were applied to 
low-value marine plastic debris, such as HDPE plastic bags 
(Figure 2b), which were typically found on the beaches 
near the fishing communities. Crab bottom gillnet fishers 
commonly employ two methods for disposing of plastic bags, 
either incineration or burial in the sand along the shoreline. 
However, when exposed to heat and UV radiation, the buried 
plastic bags gradually degrade into microplastics, which are 
minute particles that can be readily transported or washed into 
the ocean. Marine creatures such as fish, shrimp, crabs, and 
sea turtles often unknowingly ingest microplastics because 
these particles resemble their natural food sources. When 
humans or other animals in the food chain consume these 
marine animals, they introduce microplastics into the aquatic 
food chain, which can ultimately harm the health of consumers 
(Rochman et al., 2013). The accumulation of microplastics 
in the ocean is a complex issue that is difficult to address as 
some types of plastic may not decompose naturally within a 
short period. As a result, microplastics persist as pollutants in 
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the environment for extended periods, potentially impacting 
marine biodiversity and the long-term health of marine 
ecosystems (Jambeck et al., 2015). 

Transforming discarded marine plastic debris into energy

Each fishing community along the coastline of Rayong, 
Thailand, produced around 100–200 kg of nylon netting 
fragments every one or two months, in addition to 
approximately 100 kg of other types of marine plastic debris 
monthly. This data was used to evaluate the optimal capacity 
design for the marine plastic converter. The process for 
converting plastic waste into oil, as outlined in prior studies 
(Pandam et al., 2018; Rio et al., 2020; Syaiful et al., 2021), 
involves a chamber reactor with approximately 5-liter volume, 
used to distil oil from plastic wastes.  

The thermal pyrolysis method was applied in the study 
to convert marine plastic debris into oil, which involves 
subjecting plastic waste to high temperatures in an 
oxygen-deprived environment, leading to its breakdown 
into smaller molecules and conversion into either a liquid 
or gaseous substance (Santaweesuk C. et. al., 2017; 
Ghewade G. J. et. al., 2017; Maithomklang S. et. al., 2022). 
This liquid or gas can then be further processed to produce 
different types of fuel, such as diesel, kerosene, gasoline, and 
combustible gas, depending on the carbon content (Figure 3). 
Pyrolysis can be conducted across a range of temperatures 
and environmental conditions, yielding oil products with 
varied and distinct characteristics. Additionally, the process 
of oil extraction from nylon netting debris releases dioxin 
as toxic vapours due to the decomposition of nylon during 
distillation. To eliminate these toxic vapours, they are 
redirected to be burned again in the heating furnace, where 
the flame temperature in the heating frame is adjusted to a 

Figure 3. Conversion diagram of 
marine plastic debris into fuel oils

high level of 1,400–1,600 °C (Hirschberg V. et. al., 2023).  
This process effectively removes the toxic vapours, reduces 
pollution from oil extraction, effectively decreases the amount 
of fuel required for operating the furnace, and provides an 
environmentally safe method.

At the initial stage of development of convertor and distillation 
methods, a 5-liter reactor was built to process 1– 3 kg of 
marine plastic debris (Figure 4). The marine plastic debris 
was fully loaded into a reactor chamber, which was carefully 
sealed to prevent any leakage of gases or vapours during the 
process. Maintaining the reactor’s integrity was vital, as any 
vapour leakage could lead to a reduction in oil yield and lower 
the overall efficiency of the process.

Heating was carried out using a waste oil burner (Figure 5), 
with the flame adjusted to produce a nearly blue flame, 
resulting in the temperature of 1,400–1,600 °C. However, 
the metal surface beneath the reactor chamber was kept 
at a controlled temperature of 400–500 °C. This precise 
temperature regulation was crucial for optimizing the 
pyrolysis process, ensuring the effi cient conversion of plastic 
debris into oil.

Each experimental distillation process was carried out by 
maintaining the heating phase until approximately 2 kg of 
waste oil were consumed, ensuring that the plastic waste 
inside the reactor was fully subjected to pyrolysis. After the 
heating phase was completed, the reactor was allowed to 
cool gradually over 10–12 h using ambient air temperature. 
This gradual cooling method was designed to minimize the 
risk of thermal stress, which could lead to structural damage. 
By avoiding abrupt temperature changes, potential cracking, 
especially at the welding joints, was prevented, ensuring the 
reactor chamber’s structural integrity and longevity. 
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Figure 4. Design of the converter apparatus to 
distil nylon netting fragments from crab bottom gillnets 

and discarded plastic bags

Figure 5. Waste oil burner producing high flame temperature 
about 1,400-1,600 oC (blue colour) 

Figure 6. Distilled oil from nylon netting fragments of crab 
bottom gillnet (left) and discarded plastic bags (right) 

Figure 7. The interior of the reactor chamber after the 
distillation process with nylon netting fragments from crab 
bottom gillnets (top) and discarded plastic bags (bottom)

After the reactor cooled sufficiently, the distilled oil 
(Figure 6) primarily condensed and accumulated in 
the designated collection container beneath the system. 
Light-product fuels, such as gasoline and kerosene, were 
not observed during this stage. The condensed oil was 
subsequently transferred from the storage container to an 
external receiver for precise weighing and further analytical 
testing. During the refining process of plastic waste, the oil was 
anticipated to fractionate into distinct components, including 
diesel, gasoline, kerosene, and combustible and toxic gases.

At the final stage of the marine plastic debris oil refining 
experiment, inspecting the refining chamber after the process 
was essential to confirm that all plastic debris had been 
fully processed, leaving no residual material in the chamber 
(Figure 7).
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Characterization of marine plastic debris converted  
into energy

Both nylon netting fragments from crab bottom gillnets and 
discarded plastic bags required comparable amounts of waste 
oil to heat the reactor chamber. Specifically, nylon netting 
fragments required 2.40 kg of waste oil, whereas discarded 
plastic bags required 2.53 kg (Table). The distillation 
process for nylon netting fragments and discarded plastic 
bags was conducted at a burner temperature of 400–550 °C. 
This similarity in required temperatures suggests that nylon 
nets and plastic bags have comparable thermal degradation 
temperatures, despite their differing chemical compositions. 
Despite the higher initial weight of the nylon netting fragments 
from crab bottom gillnets, the energy requirements for heating 
both materials were nearly identical. This observation suggests 
that the thermal energy requirements for the pyrolysis of both 
types of marine plastic debris were closely aligned, despite 
their initial weight differences. 

Nylon netting fragments, despite a larger initial mass of 
1.80 kg, produced only 0.36 kg of oil, corresponding to a 
20.00 % recovery efficiency; while discarded plastic bags, 
with an initial mass of 0.92 kg, yielded 0.44 kg of condensed 
oil, resulting in a 47.28 % oil recovery efficiency (Table). 
This discrepancy in oil yield can be attributed to the inherent 
differences in material composition. Plastic bags, primarily 
composed of high-density. Polyethylene or similar polymers, 
exhibited a higher propensity for thermal degradation and 
subsequent oil production. Nylon, a synthetic material 
with a polyamide chemical structure, demonstrated lower 
compatibility with the pyrolysis process. 

The comparison of ignitability, combustibility, and odor 
properties of two types of marine plastic debris revealed 
important insights into their thermal behavior during pyrolysis 
(Table). The ignitability test results demonstrated that nylon 
netting fragments were non-ignitable, indicating that their 
material composition, likely dominated by synthetic polymers 
such as nylon, resists initial ignition under standard conditions. 
In contrast, discarded plastic bags ignited rapidly, reflecting 
their lower ignition energy requirement and suggesting their 
suitability for efficient thermal processing. Both materials 
exhibited positive combustibility, affirming their potential 
as energy sources. However, the odor test revealed notable 
differences: nylon netting fragments produced a stronger and 
more pungent smell, whereas the discarded plastic bag emitted 
a lighter odor upon combustion. This difference could be 
attributed to the chemical makeup of the materials, as nylon 
may release more nitrogen-containing or toxic compounds 
during pyrolysis. The results suggest that discarded plastic 
bags were better suited for thermal processing due to their 
quick ignition and milder odor, making it more suitable 
for energy recovery than nylon. The lack of ignitability 
and stronger odor from nylon netting fragments may pose 
challenges in their application for waste-to-energy conversion.

Table.  Characteristics of nylon netting fragments and 
discarded plastic bags  collected from the coast of Rayong, 
Thailand during and after the distillation process

Nylon netting 
fragments

Discarded 
plastic bags

Weight of plastic debris (kg) 1.80 0.92

Lubricating oil waste for 
heating (kg)

2.40 2.53

Heating temperature of 
chamber reactor (°C)

400–550 400–550

Condensed oil (kg) 0.36 0.44

Distilled oil per plastic 
debris weight (%)

20.00 47.28

Ignitability Slow (requires 
> 450 °C for 

sustained 
combustion)

Fast

Combustibility Yes Yes

Vapor odor Strong Light

The results suggested that material properties such as polymer 
type, molecular weight, and thermal stability are crucial 
factors influencing oil yield during pyrolysis. These findings 
underscore the importance of careful material selection to 
optimize waste-to-energy conversion processes and maximize 
oil recovery efficiency from marine plastic debris.

Conclusion and Way Forward

The development of a marine plastic debris converter 
using thermal pyrolysis provides an innovative approach to 
addressing the challenges of plastic waste management and 
energy recovery in marine environments. This study focused 
on two common types of marine debris— nylon netting 
fragments from crab bottom gillnets and discarded plastic 
bags—and involved local fishers who reported discarding 
100–200 kg of nylon netting and 100 kg of plastic bags each 
month. A 5-liter reactor was designed to convert the two 
common types of marine debris into useful fuel, successfully 
processing 1–3 kg per batch in a sealed chamber heated by 
waste oil. The results showed that discarded plastic bags 
yielded more oil (47.28 %) than nylon netting fragments 
(20.0 %), illustrating how material composition affected 
oil production. However, the overall oil yield was much 
lower than the expected 80.0 % reported in previous work 
(Hirschberg et al., 2023), especially from nylon netting, which 
produced only 20.0 % of the anticipated amount. Both plastic 
types required similar energy for pyrolysis at temperatures 
of 400–550 °C, with discarded plastic bags igniting more 
quickly and emitting less pungent odours, making them 
more suitable for the process. Despite the potential to convert 
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plastic waste into fuel oil, the oil extracted from nylon netting 
fragments struggled with ignition and sustained combustion, 
making it unsuitable for household use and producing a 
stronger odour. These limitations suggest that a two-stage 
high-temperature furnace, operating above 800 °C, may be 
necessary to optimize the pyrolysis of nylon netting fragments. 
Furthermore, the study also highlighted a strong demand for 
waste management tools among crab bottom gillnet fishers 
in Rayong, Thailand, which informed the development of the 
converter. However, the lower-than-expected oil yields and 
combustion challenges emphasize the need for further study 
to refine the reactor design, improve material efficiency, and 
enhance the technology’s practical use for large-scale waste 
management and energy recovery.

For further development, it is essential to enhance reactor 
efficiency, utilize zeolite catalysts (Miandad et. al., 2019; 
Suhartono et. al., 2018), reduce emissions, and incorporate 
prototype testing with feedback from the fishing community. 
Improving the reactor’s heating system and temperature 
management will optimize oil extraction, resulting in higher 
yield and better quality. Zeolite catalyst is one technique 
that can boost the efficiency of converting nylon netting 
fragments from crab gillnet and discarded plastic bags into 
fuel by reducing pyrolysis time, increasing oil yield, and 
eliminating toxic substances (Straus et. al., 1958; Kim, 2020; 
Hirschberg et. al., 2023), thereby making the process more 
environmentally friendly. Additionally, reducing emissions 
from combustion will be crucial, and zeolite catalysts can 
help reduce harmful gases and pollutants. 

Finally, testing prototypes in practical conditions and 
gathering feedback from fishing communities will provide 
valuable insights for refining the technology. These steps 
will significantly enhance the efficiency of converting nylon 
netting fragments into oil, benefiting both fishing communities 
and the environment in the long term. In addition to the 
development of the oil refining system for discarded plastic 
bags, it is crucial to foster the establishment of a network of 
developers focused on optimizing the efficiency of plastic 
waste oil refining towers. This network can drive further 
innovation and facilitate the transfer of technical knowledge 
regarding the marine plastic debris refining process to 
fishing communities, ensuring practical implementation and 
sustainable adoption in the future.
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