
Australia’s National 
Science Agency

Summary Report | March 2023

Client: Director of National Parks – Ghost Nets Initiative

Recycling pathways for ghost 
nets and other marine debris in 
Northern Australia



Citation
Skidmore MA, King S, Hunter C and Locock KES (2023), 
Modular processing options for ghost nets and other 
marine debris in remote northern Australia. CSIRO, 
Australia. 

Copyright 
© Commonwealth Scientific and Industrial Research 
Organisation 2023. To the extent permitted by law, all rights 
are reserved, and no part of this publication covered by 
copyright may be reproduced or copied in any form or by 
any means except with the written permission of CSIRO.

Important disclaimer
CSIRO advises that the information contained in this 
publication comprises general statements based on 
scientific research. The reader is advised and needs to be 
aware that such information may be incomplete or unable 
to be used in any specific situation. No reliance or actions 
must therefore be made on that information without 
seeking prior expert professional, scientific and technical 
advice. To the extent permitted by law, CSIRO (including 
its employees and consultants) excludes all liability to any 
person for any consequences, including but not limited 
to all losses, damages, costs, expenses and any other 
compensation, arising directly or indirectly from using this 
publication (in part or in whole) and any information or 
material contained in it.

Acknowledgement of country
CSIRO acknowledges the Traditional Custodians of the land 
on which we live and work in Australia. We pay our respects 
to Elders past, present and emerging, and acknowledge 
the ongoing connection that Aboriginal and Torres Strait 
Islander peoples have with Australia’s land and water.



Introduction 

The objective of this report is to identify a modular recycling pathway for 
ghost nets and other marine debris in the Gulf of Carpentaria and Torres Strait, 
through the identification of a supply chain, recycling technology and market 
pathway. This report considers the social, financial, technical, behavioural, and 
cultural factors that affect the viability of implementing a modular recycling 
pathway. Opportunities and challenges have been reality checked against 
the metrics of technical considerations, community desire, expectations and 
readiness and applicability to a remote location, through desktop research, 
technology assessment and stakeholder engagement. The report will inform the 
feasibly of recycling ghost nets and other marine debris in northern Australia.

Ghost nets

Ghost nets are fishing nets that have been discarded 
or lost in the ocean by fishing vessels. Ghost nets 
and other marine debris damage marine and coastal 
environments, impact plant and animal species, and 
injure and kill marine fauna. Ghost nets and other marine 
debris can be highly degraded and contaminated. 
Ghost nets can contain lead sinkers, rope, sand, 
coral and fauna (Hancock, 2021; Hardesty, Roman, & 
Wilcox, 2021; Valderrama Ballesteros et al., 2018).

In a recent study, 90% of ghost nets retrieved 
from the Gulf of Carpentaria were determined to 
be made from high density polyethylene (HDPE). 
The vast majority (98%) of the marine plastic waste 
detected in Australian waters is made of polyolefins 
(polyethylene (PE) and polypropylene (PP)) (Reisser 
et al., 2013; TierraMar and SMaRT@UNSW, 2021).
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Figure 1 Ghost nets and other marine debris injure and kill 
marine fauna. (CSIRO)



The Gulf of Carpentaria is categorised as a very remote 
region on the basis of a measure of relative access 
to services by the Australian Bureau of Statistics (ABS) 
(Remoteness Structure, 2022). The Gulf of Carpentaria, in 
Australia’s north, is considered one of the most remote 
coastal environments in the world and is at risk from 
increasing plastic pollution causing environmental harm 
to an otherwise pristine coastline (Galaiduk et al., 2020; 
Kiessling, 2003; Reisser et al., 2013). There have been 
extensive long-term studies quantifying ghost nets in the 
Gulf of Carpentaria, and ranger groups have a high level 
of Traditional Knowledge of the expected locations of nets 
and marine debris. Environmental factors contribute to the 

accumulation of nets in the Gulf of Carpentaria; a clockwise 
gyre current, centred northwest of Groote Eylandt, is a 
significant oceanic process which exacerbates the problem 
of ghost nets as it can prohibit them from escaping the Gulf 
(White, 2006). Reports from Ranger Groups, GhostNets 
Australia (GNA) and CSIRO, Australia’s national science 
agency, have identified ghost net hotspots as northern 
Cape York Peninsula of Far North Queensland (FNQ) 
including the coastline passing Vrilya Point, Cotterell 
Creek, Doughboy River, and the MacDonald River and 
Northeast Arnhem and south of Gove Peninsula in the NT, 
see Figure 2 (Gunn, 2015; Hardesty et al., 2021).
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Figure 2 Number of ghost nets that have been cleaned up by Aboriginal and/or Torres Strait Islander rangers 2004–2012. 
Red showing areas of most nets (Gunn & GhostNets Australia, 2015)



Waste and recycling

The broader waste management, recycling strategies 
and recycling programs in Northern Australia provide 
insight into the challenges that will need to be overcome 
and potential partnerships and collaborations that 
could influence the success of a modular recycling 
pathway for ghost nets and marine debris.

Landfilling is one of the most widely utilised approaches 
in FNQ. The cost of waste collection for remote and outer 
regional areas is higher due to poorer economies of 
scale, lower populations, significant transport distances, 
poor road conditions, accessing island communities, 
rivers and water crossings and the roads becoming 
impassable and dangerous during the wet season.

There is a disproportionately low base level of plastic 
recovery in FNQ, with recovery rates of 1.9% in FNQ, 
compared to 5.7% in Queensland and 11.4% for Australia 
overall (Kulkarni, 2020). In 2018–19, 238.8 tonnes of 
polyethylene terephthalate (PET), 291.1 tonnes of HDPE, 
3.4 tonnes of low-density polyethylene (LDPE) and 125 
tonnes of mixed plastic were recovered in FNQ. The FNQ 
region is particularly well known for banana production, 
suggesting an annual waste production of more than 
1,500 tonnes of predominantly HDPE material, from the 
large HDPE bags used to cover the banana fruit during 
its growth season. Queensland has a small reprocessing 
sector with eleven polymer reprocessing facilities, seven 
of which reprocess HDPE (Hossain et al., 2022). Overall, 
53% of the recyclate generated is processed locally within 
the state. Feasibility studies into establishing a plastics 
recycling hub in FNQ conclude that recycling in FNQ could 

provide significant economic, environmental and social 
benefits, and a plant recycling HDPE and PET sourced 
from FNQ households, businesses, and existing product 
stewardship programs such as Containers for Change and 
drumMUSTER would be a preferred option (Kulkarni, 2020).

The Territory currently has a limited number of specialised 
waste processing or recycling facilities, resulting in 
waste needing to be transported interstate for recycling. 
In remote regions with low population density landfill 
burial and burning of waste is common practice where 
there are limited alternatives. Remote communities of 
the Northern Territory (NT) have limited access to waste 
services, particularly those isolated from the rest of the 
Territory for months during the wet season. Vast distances 
and poor road conditions between towns restricts the 
opportunity to transport recyclate to appropriate facilities. 
There is currently a feasibility study to assess if a recycling 
centre in Katherine may be viable. It would be a hub and 
spoke model, however it would be used to recycle a broad 
range of items such as tyres, plastic and metal (Northern 
Territory CIRCULAR ECONOMY STRATEGY 2022–2027).

Current feasibility studies for recycling centres in 
FNQ and NT could be further strengthened by the 
recycling of ghost nets and marine debris.

Current waste practices and infrastructure, 
transport costs and the remote environment create 
challenges and opportunities for the recycling of 
ghost nets and other marine debris in Northern 
Australia, as summarised below in Table 1.

Table 1 Challenges and opportunities for the recycling of ghost nets and other marine debris in Northern Australia

CHALLENGES OPPORTUNITIES

High cost per tonne for transport of waste material Minimise the transport of material (community or mobile) 
recycling options, stockpiling to create volume

Very limited waste infrastructure or access to markets for 
recyclables

Identify viable outputs for the recycled material in the context of 
remote communities

Lack of waste collection, sorting and processing facilities Identification of technology that involves minimal sorting

Significant barriers to using reverse logistics Minimise the transport of material (community or mobile) 
recycling options

Reliance on external funding, matched funding, or levies Identification of technology that generates income

Selection of suitable land to develop for waste infrastructure 
can be impeded by the need for landowner consent, and the 
complexities of identifying appropriate custodians of the land

Consultation with Aboriginal and/or Torres Strait Islander 
communities

No plastic waste processing facilities in the NT Establishment of plastic waste processing facilities in the NT
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Recycling options

The collection of ghost nets and marine debris is the 
first module of a modular recycling pathway for ghost 
nets and other marine debris. The Indigenous Ranger 
Coastal Clean-up Project is currently supporting Indigenous 
ranger groups in the Gulf of Carpentaria to conduct beach 
clean ups, in partnership between Parks Australia and 
the Biosecurity area of the Department of Agriculture, 
Fisheries and Forestry. Following the collection of nets, 
the next module in the recycling pathway is the recycling 
module. There are several key technical considerations 
when assessing the suitability of recycling technologies 
for the processing of ghost nets and other marine debris. 

•	 Tolerance of contamination / pretreatment requirements. 

•	 Volume of material required to run the equipment. 

•	 Utilities and infrastructure required (storage, 
buildings, power, water and/or gas). 

•	 The complexity of the technology 
/ training requirements.  

•	 Repair and maintenance requirements. 

•	 Applicability to remote locations.

The technical considerations, overall advantages and 
disadvantages, applicability to ghost nets and marine 
debris and applicability to remote or regional locations 
for pretreatment, preprocessing, mechanical and 

advanced recycling options have been investigated. 
For advanced recycling technologies, purification, 
depolymerisation, hydrothermal, pyrolysis, gasification, 
and biological recycling were evaluated. 

Further evaluation of the social, environmental, economic 
and technical strengths and weaknesses of available 
recycling technologies was undertaken. The assessment 
concluded that mechanical recycling (including 
pretreatment and preprocessing) may be a suitable 
recycling technology for ghost nets and other marine 
debris in remote or regional communities. This was based 
on the assessment that mechanical recycling technologies 
are suitable for the varying amounts of material likely 
in a remote setting and have been tested on ghost nets 
and marine debris. Due to the potential for community 
concern, high establishment costs, training requirements, 
infrastructure requirements, and in particular, the large 
volumes of material required for a usable amount of fuel, 
our research considers pyrolysis advanced recycling 
technologies suited to large regional locations.

A promising future development is the potential for an 
advanced recycling plant to be genuinely mobile. There are 
no pilot or commercial examples of a mobile recycling 
technology currently being deployed in Australia.
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Figure 3 Shredded polymer recyclate is generated through mechanical recycling, a possible recycling option for ghost nets in  
remote areas (CSIRO)



Modular recycling pathways

This study proposed three modular recycling pathway 
options that are most feasible for remote communities. 
The options were classified according to the level of 
community involvement in the recycling process, namely 
community collection, community preprocessing 
(involving collection and preprocessing in community) 
or community recycling (involving collection, 
preprocessing, and recycling in community) (Figure 4).

Each pathway was tested with a workshop audience 
involving Traditional Custodians, practitioners, and 
stakeholders to establish level of interest, preparedness, 
thoughts and concerns from the perspective of the 
agencies and community-focused groups. These workshops 
also established where these modules, or components 
of these modules, might occur, either in remote local 
communities or in regions with higher populations.

The community collection option would involve 
community collection of ghost nets and other marine 
debris, which would then be transported and consolidated 
at a regional centre for preprocessing and recycling.

The community preprocessing option would see 
increased involvement of community members in 
the recycling process. Here the community would 
undertake the collection of ghost nets and other marine 
debris along with the preprocessing of this material. 
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Preprocessing steps could involve polymer identification 
and sorting, shredding and/or baling. The preprocessed 
ghost nets and other marine debris could then be 
transported to a regional centre for reprocessing 
by either mechanical or advanced recycling.

The community recycling option would see the entire 
recycling operation located within the community. 
Here the community takes ghost nets and other marine 
debris, and then locally preprocesses and recycles 
it. In considering this option, workshop participants 
were asked if they preferred products produced by the 
recycling technology, fuel from advanced recycling, 
or the various products such as building materials 
that can be produced by mechanical recycling.

The workshops highlighted several opportunities, 
concerns, and challenges and for each of the proposed 
recycling options, as detailed in Table 2. There was a 
strong interest in seeing ghost nets and marine debris 
recycled but no strong desire for either a mechanical 
or advanced recycling technology in the community. 
The community also raised concerns around not enough 
material for regular recycling, utilities required, 
repairs and maintenance costs and viability in remote 
locations, skill level and training requirements and 
fear around microplastic generation (Table 2).

Regional Centre

Collection

Pre-Processing

Recycling

Community

Ghost Net 
Collection Recycling

Pre-processing; 
Polymer Identification, 
Shredding and Baling

Transport

Figure 4 Schematic depicting the potential supply chain options that could underpin a modular recycling solution in remote 
Northern Australia



Table 2 Summary of challenges and opportunities identified by workshop participants for ghost nets and other marine waste in 
remote regions

CHALLENGE* OPPORTUNITY

Not enough material for regular 
collection

Infrastructure to allow ghost nets and other marine debris to be collected and stockpiled. 

Suitable recycling technology for small amounts of material.

No strong preference for specific 
technology option

Ghost nets and other marine debris collected and stockpiled to be recycled regionally.

Limited storage facilities for communities Provide storage.

Skills and training, skills not available in 
community or surrounds

Provide skills and training.

Implement recycling technology that involves low levels of skills and training.

Greater need for waste and recycling 
education

Provide education, involve schools, posters in local dialect (Kriol).

Greater need for collaboration across the 
region on waste and marine debris

Need to understand current waste transport routes, for example Containers for Change, 
DrumMuster or RedCycle.

Transport is costly and subject to seasonal 
restrictions

Need to understand current waste transport routes, for example, Containers for Change 
DrumMuster or RedCycle.

Funding transport as a priority.

Minimise transport through stockpiling, and reducing size and bulk of material to be 
transported through baling and/or sorting, and consolidate.

Strong desire for community to see the 
plastic material be processed into a 
product

Provide education on recycling and the circular economy, involve schools, posters in local 
dialect (e.g. Kriol).

Consult with communities to ensure they understand the benefits of recycling, are 
educated around the outcomes, understand the opportunities for jobs and training and 
the business opportunities.

Many Indigenous rangers do not have 
the bandwidth for regular ghost nets and 
other marine debris collection

Provide dedicated remuneration on top of ranger duties. 

Job opportunities in ghost net and marine debris collection.

Remuneration for ghost nets and other 
marine debris collection

Employment opportunity, paid work.

Access to sufficient water and power 
requirements to run large scale recycling 
facilities in communities

Ghost nets and other marine debris collected and stockpiled. Recycled at a regional 
centre.

Microplastic leakage Ghost nets and other marine debris collected and stockpiled. Not cleaned in community. 
Recycled at a regional centre.

Biosecurity concerns Work closely with Department of Agriculture and Fisheries.

Repairs and maintenance in remote 
locations

Low technology equipment.

Some material is very degraded Skills and education obtained in efficient sorting, and what can be recycled and what 
goes to landfill.

Interest in high value sustainable housing 
products, products that rangers can use, 
wood replacement for boardwalks, fence 
posts, and fence panels and signage

Products of mechanical recycling.

Community champion / community interest Understand level of interest, consultation, and education.

*Bolded words highlight the responses that were mentioned many times during the workshops.
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Proposed modular 
recycling pathway

Combining the learnings from the literature, technology 
review and workshop feedback, we propose implementing 
a modular recycling pathway as a staged approach. This 
would have a first stage goal of establishing a centralised 
preprocessing hub. The modular recycling pathway would 
consist of collection, transport and preprocessing modules. 
The collection module involves communities collecting, 
identifying, and importantly stockpiling the ghost nets and 
other marine debris. In addition to ghost net and marine 
debris collection, the community may take part in basic 
sorting by net type, sorting nets from marine waste and 
baling to facilitate transport. The transport module is of 
critical importance; the difficulty and cost of transport 
in remote regions has been highlighted in many reports, 
and during our workshops (Hossain et al., 2022; Northern 
Territory Environment Protection Authority, 2015; Packaging 
Waste Collection and Processing Options in Remote and 
Regional Areas, 2020). Like funded and organised collection 
of ghost nets and other marine debris, transport must 
be adequately funded to facilitate transport from the 
communities when the storage facilities are full, to the 

preprocessing module, a centralised preprocessing hub. 
The preprocessing module will involve further sorting, 
baling, shredding, washing, and pelletising. Each additional 
processing step increases the value of the recovered 
material. The creation of a centralised preprocessing hub 
attempts to address some of the economy of scale issues 
that plague remote recycling, through centralisation 
and the option to consolidate ghost nets with other 
waste streams at collection points, in the transport 
phase, and at the centralised preprocessing hub. 
The preprocessed material can then be sold to polymer 
reprocessors. Polymer reprocessors purchase baled, 
shredded, or pelletised material to make new products.

The proposed modular recycling pathway incorporates a 
longer-term second stage goal, combining with local, state 
and federal government recycling initiatives, feasibility 
studies and recycling schemes such as Containers for 
Change and drumMUSTER to facilitate establishing 
a recycling industry in FNQ and NT (Figure 5).

Polymer processor

5. Technology 
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4. Partnership 
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    pre-processing
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2. Transport1. Collection and 
   storage

Communities 
collect, store and 
stockpile ghost nets 
and marine debris

Ghost nets collected 
when storage is full

Transported to a 
regional pre-processing 
facility

Sorting, bailing, 
shredding, washing, 
pelletising

Purchases recycled 
polymer from regional 
pre-processing centre
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Figure 5 Schematic depicting the proposed modular recycling solution in remote Northern Australia



The value of recovered ghost 
nets and marine debris

Plastic waste materials can only be recycled when there 
is both a suitable technology for treatment and a market 
for the product. The market for recovered ghost net and 
marine debris is positive. Recovered HPDE, of which most 
ghost nets retrieved from Australian waters are made, 
commands the highest price of the four major plastic resin 
types (HDPE, PET, PP and LDPE). The material is highly 
sought after, both locally and overseas. The 2021 prices 
for scrap HDPE (prior to processing) were AU$100–450/
tonne. Partially processed, shredded HDPE, was $800/
tonne. With further processing, the price increases to 

AU$1,200–2,000/tonne for pellets. As contamination 
levels determine the grade/quality of the product, it is 
expected that recycled ghost net product will be at the 
lower end of the market price. There is, however, growing 
demand for ocean-sourced recycled plastic, with online 
platforms such as Oceanworks selling ‘shore-to-shelf’ 
plastic shred, pellets and products and global brands 
such as Glad®, Patagonia®, and Adidas® promoting the 
use of ocean-sourced plastic in their products (Burke, 
2019; Oceanworks – Ocean Plastic Marketplace, 2022). 

Outlook

One of the central findings of this research is that there 
is no simple solution to facilitate the recycling of ghost 
nets and other marine debris in Northern Australia. The 
many challenges identified highlight the importance of 
testing feasibility through implementation of a staged 
approach. These include concerns regarding transport, 
economies of scale, lack of sufficient material for regular 
recycling, utilities required, repairs and maintenance 
costs/viability in remote locations, skill level and training 
requirements and fear around microplastic generation. 
Despite the challenges, our report has identified genuine 
opportunities, given that this is a global problem. There 
is ongoing research and funding, there is community 
engagement and enthusiasm and a desire by many groups 
to find ways to recycle ghost nets and other marine debris 
and emerging markets for recycled marine waste.

We propose a staged, modular recycling pathway to recycle 
ghost nets and marine waste. The first stage goal would 
be the establishment of a centralised preprocessing hub. 
The second goal would look to facilitate establishing 
a regional recycling industry in FNQ and the NT. The 
centralised preprocessing modular pathway would 
consist of a community collection module, a transport 
module, and a centralised preprocessing hub module. 
The centralised preprocessing hub would involve polymer 
sorting, cleaning, shredding and potential pelletisation 
and would address some of the economy of scale issues 
that plague remote recycling, through centralisation.

The accomplishment of the first goal of establishing a 
regional preprocessing hub will allow for the development 
of community infrastructure, education and training and, 
most importantly, a material supply chain. All these aspects 
will be critical to informing and strengthening existing 
and planned feasibility studies for the establishment 
of a recycling industry in FNQ and/or the NT.
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