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Using data collected through survey questionnaires with fleet managers of
16 (61.5%) Namibian fishing companies, we explored the current practices,
challenges, and opportunities in promoting Circular Economy (CE) in the context
of End-Of-Life (EOL) fishing gear. Most fishing companies (56.2%) have been
in operation for more than 25years. A majority of fishing companies (62.5%)
are involved in demersal trawling, mostly targeting hake (Merluccius species).
Survey findings reveal that the companies import fishing gear mostly in a semi —
complete format (50.0%). The current durability of fishing nets and lines/ropes is
about 3 and 2 years respectively, highlighting a continuous generation of fishing
gear waste. We estimated (that) approximately 104 tons of EOL fishing gear,
lines/twine and ropes (are) generated annually by the Namibian fishing industry,
however about 10% of some parts of the EOL fishing gear are recovered and
reused. None of the fishing companies recycle EOL fishing gear, which is mostly
attributed to a lack of recycling facilities. Current standard practices of EOL
fishing nets, lines and ropes management include selling to employees, donating
to other institutions, or disposal at dumping sites. Although some of the EOL
fishing nets, lines and ropes are sold at open markets, they are not converted
into value-added products, thus they are not fully utilized to significantly
contribute to the CE. We recommend the implementation of circular practices
such as converting EOL fishing nets, lines and ropes into value-added products
such as clothing, shoes, and accessories, i.e., sunglasses, thereby reducing
environmental pollution, minimising energy usage, and promoting sustainable
production and consumption.

KEYWORDS

circular economy, waste management, EOL fishing gear, sustainability, transition

Introduction

The world is placing immense pressure on natural resources to sustain human population
expansion and economic growth. To keep up with this demand, novel ways need to
be developed to promote sustainable production and consumption. One approach to achieve
this goal is to transition from the traditional Linear Economy (LE) that involves ‘take, create,
use and dispose’ (Wijkman and Skinberg, 2017; Ghosh, 2020) to a Circular Economy (CE)

01 frontiersin.org


https://www.frontiersin.org/Sustainability
https://www.frontiersin.org/Sustainability
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/frsus.2024.1356265﻿&domain=pdf&date_stamp=2024-05-16
https://www.frontiersin.org/articles/10.3389/frsus.2024.1356265/full
https://www.frontiersin.org/articles/10.3389/frsus.2024.1356265/full
https://www.frontiersin.org/articles/10.3389/frsus.2024.1356265/full
https://www.frontiersin.org/articles/10.3389/frsus.2024.1356265/full
mailto:erasmus.victoria@yahoo.com
https://doi.org/10.3389/frsus.2024.1356265
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/Sustainability#editorial-board
https://www.frontiersin.org/Sustainability#editorial-board
https://doi.org/10.3389/frsus.2024.1356265

Erasmus et al.

model. The CE paradigm has existed for decades but gained
momentum in the 1970s. This study adopts the CE definition put forth
by Valavanidis (2018) which broadly revolves around turning products
at the end of their service life into resources for others, closing loops
in industrial ecosystems and minimizing waste to promote
sustainability. The CE model serves as a countermeasure to the
wasteful and unsustainable practices of the conventional LE model
(Furkan, 2017; Gill and Verma, 2021). The CE paradigm is versatile
and can be applied in numerous industries including seafood waste
(Erasmus et al., 2021; Cooney et al., 2023), wastewater (Morseletto
etal,, 2022) and car manufacturing (Despeisse et al., 2015). The CE
model aims at minimizing industrial waste while using resources
sustainably (Principato et al.,, 2018; Gill and Verma, 2021).

The consumption of natural material is on a rapid increase
globally and predicted to double by 2050. Although the end products
can be utilized through application of one of the three basic principles
(3Rs): reduce, reuse, or recycle, thereby extending the life cycle of
products or resources, the generation of waste follows an increasing
trend (Kaza et al,, 2018). The fishing industry is one of the sectors
producing waste including in the form of seafood (Erasmus et al.,
2021), wastewater (Cristovao et al., 2015) and fishing gear (Wilcox
etal, 2016; Eimontas et al., 2023). Information on quantities of EOL
fishing gear is patchy, with robust regional values, such as the
estimated 4,000 tons of EOL fishing gear per year in Norway
(Deshpande et al., 2020b), being the exception. However, other
estimates give an indication of the mass of material, with an estimated
1.8% of fishing gear is lost to the ocean annually across the globe,
including approximately 2,963 km? gillnets, 75,049 km? purse seine
nets, and 739,583 km longline mainlines (Richardson et al., 2022).
When fishing gear such as nets, hooks, ropes, lines, pots, and traps
become obsolete, lose usability, and are beyond repair, they are
disposed of (Basurko et al., 2023). Whilst Erasmus et al. (2023) listed
mariculture gear as sources of marine pollution, the long standing,
substantial, and increasing presence of fishing gear debris in the
marine environment has also been highlighted (Macfayden et al.,
2009). Globally, fishing related gear has been assessed to be the most
harmful type of anthropogenic debris to birds, mammals, and sea
turtles (Wilcox et al., 2016). This impact is observed more locally in
Namibia, for instance fishing nets, lines and ropes have been recorded
to entangle Cape fur seals (Arctocephalus pusillus) since the 1970’
(Shaughnessy, 1980) and were more recently determined as the two
debris types which cause the most incidents of entanglement. In total
fishing nets, lines, and ropes represent at least 64% (221 out of 346) of
all Cape fur seal entanglements reported in a 21-month period up to
December 2019 (Curtis et al., 2021), and can cause severe injury or
even death. However, comprehensive data on fishing debris is severely
lacking in Namibia and around the seas of Africa, with Macfayden
et al. (2009) recommending the development of monitoring
programmes to address this fundamental knowledge gap.

In most cases, the discarded materials are useful as raw materials
for other value-added products. Returning “waste” resources back into
the economy slows down the exploitation of natural resources, reduces
landscape and habitat disruption and minimises biodiversity loss
(Korhonen et al., 2018; Rashid and Malik, 2023). Furthermore, the CE
model supports the United Nations Sustainable Goals (SDGs),
particularly SDG 12 which highlights sustainable consumption and
production (UNDP, 2016). Similarly, the Committee on Fisheries
(COFI) of the Food and Agriculture Organization of the United
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Nations (FAO) acknowledged the pressure of all types of pollution on
aquatic systems in a Declaration for Sustainable Fisheries and
Aquaculture which states that they “Support the implementation of
integrated and coordinated multisectoral, evidence and ecosystem based
management approaches” (FAO, 2021).

Globally, the subject of EOL fishing gear is receiving moderate
attention (Boopendranath, 2012; Nogueira et al., 2022; Basurko et al.,
2023; Eimontas et al., 2023), although in general, data on EOL fishing
gear generation is still severely inadequate. Notwithstanding the work
done globally, Charter (2023) opined that current best practice in
recycling fishing gear is very constrained. In the Namibian context,
although the country possesses some of the most prolific fishing
grounds globally (FAO, 2024), there is a severe paucity of information
on EOL fishing gear quantities and management. A study on waste
generation in Walvis Bay, Namibia, placed the fishing industries
among the main generators of solid waste, in addition to households,
business facilities and industrial institutions (Haimbala and Ambi,
2020). However, in 2022, Namibia imported a total of 560 tons of
fishing nets, lines and ropes (Data obtained from the Namibia
Revenue Agency (NamRA)). The Namibian fishing sector is
significant, ranked the third-highest contributor to the Gross
Domestic Product (GDP) (NSA, 2021), and with a catch of
approximately 411,000 tons from marine fisheries in 2021 (FAO,
2024), making it the 3rd largest fishery in Africa (NPD5, 2017). This
implies that the Namibian fishing industry uses fishing gear in large
volumes in order to sustain the fishing activities. However, there is a
paucity of information on the quantities of fishing gear used annually
and the EOL fishing gear generated. Furthermore, there is inadequate
information with regards to the fate of fishing gear waste generated.
The objectives of this study were three-fold; to (i) estimate the End-Of-
Life fishing nets, lines, and ropes generated in the Namibian
commercial fishing industry, (ii) investigate the current management
and utilization of End-Of-Life fishing gear in Namibia, and (iii)
present opportunities and challenges in promoting Circular Economy
in the context of End-Of-Life fishing gear.

Materials and methods
Study area

This study was carried out in Walvis Bay, Namibia (Figure 1).
Namibia is a maritime state in southwest Africa along the Atlantic
Ocean. Namibia has a 1,572km coastline, and approximately
564,700 km?* Exclusive Economic Zone (EZZ), with only two ports,
Liideritz, and Walvis Bay, of which the latter is Namibias largest port.
The Namibian coastline is largely desert and thus sparsely inhabited.

Data collection and analysis

The study was divided into two phases. In the first phase,
Namibian fishing companies were surveyed between July and
November 2023 to collect data on the amount of EOL fishing gear
generated. For the purpose of this work, we considered fishing
companies as the fishing operators with land-based processing
facilities (factories). There are many fishing gear types including nets,
hooks, lines, pots, and traps, however, this study only focused on
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FIGURE 1
Map showing the study area, Walvis Bay, Namibia.

fishing nets, lines and ropes because they are the most common
fishing gear used to harvest marine resources off Namibia. We use the
term fishing lines to refer to the twine used for longline fishing. Fleet
managers from fishing companies were surveyed using a questionnaire
in the English language. Prior to the survey, the questionnaire was
piloted with four respondents and thereafter modified to include
questions on the use of biodegradable fishing gear. The questionnaire
consisting of 16 open-ended and structured questions was emailed to
21 fishing companies. We received 16 responses representing 61.5%
of all fishing companies in Namibia, with no response from the
remaining five companies to the voluntary questionnaire. All survey
participants consented to participate and were not incentivized to take
part in this study. Questionnaires were coded such as ‘Company A,
Company B etc’ to ensure anonymity.

This study delves into quantities of End-of-Life (EOL) fishing nets,
lines and ropes generated in Namibia and discusses them in the context
of the Circular Economy paradigm. However, as a limitation, the
quantities of the EOL fishing gear stated in the questionnaire responses
were not validated, thus they are only based on the self-reporting of the
surveyed fishing companies. Currently, EOL fishing gear are not recorded
separately at the municipality weighbridge, they are categorized as “waste
from fishing factories” when they enter the landfill site. Although there
are drawbacks, the self-reporting method is an established method used
in various studies such as Deshpande et al. (2019) and Richardson et al.
(2022) with the use of fishers’ knowledge being highly valuable, especially
valuable in data-poor fields (Johannes et al., 2000; Deshpande et al., 2019).
Deshpande et al. (2020b) noted that “Using fishers’ knowledge (FK) to
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estimate local patterns in fishing is common practice in natural
resource management.”

To estimate the weight of EOL fishing nets, lines and ropes generated
per year, we employed a soft measure technique (described in Hassan
etal, 2018), by using a questionnaire and thereafter estimated quantities
based on data collected from 16 fishing companies. The survey prompted
the respondent on the waste generated in the last 12 months (January -
December 2022), and therefore did not capture variation per year,
including annual differences in what types of fishing nets, lines and ropes
used. We extrapolated these data to all fishing companies in Namibia,
under the assumption that the companies are producing approximately
the similar quantities (weight) of EOL fishing nets, lines and ropes.
Furthermore, we listed the current EOL fishing nets, lines and ropes
management practices. Qualitative data were coded to allow for analysis.

In the second phase, the Kuisebmund open market in Walvis Bay
was visited in September 2023, to observe and record the utilization of
EOL fishing nets, lines and ropes. We recorded the state (original state
or recycled state) in which EOL fishing nets, lines and ropes are sold in
the open market.

Results
Demographic information

Most fishing companies (56.2%) surveyed have been in operation
for more than 25years. A large proportion of fishing companies
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TABLE 1 Demographic information of companies surveyed between July
and November 2023.

Demographic information

Percentage (%)

10.3389/frsus.2024.1356265

TABLE 2 Frequency table for the reasons for replacing fishing nets, lines
and ropes in the Namibian fishing companies.

Reasons Frequency (f)

(62.5%) engage in demersal trawling fisheries and use fishing nets.
These companies mostly import fishing nets from Spain (27.7%), in a
semi — complete state (50.0%) gear (Table 1). There are also companies
(33.3%) that use locally sourced fishing nets, from two Namibia based
fishing gear manufacturers.

Characteristics and life span of fishing nets,
lines, and ropes

The fishing gear considered in this study were fishing nets, lines
and ropes, which are mostly made out of plastic polymers and other
less numerous components, such as rubber discs, wires and, stainless
steel. The lifetime (longevity) of the fishing nets is approximately 3
years, while for lines is 2 years on average before the gear becomes
worn out and not usable. All fishing companies (100%) do not use
biodegradable fishing gear (BFG).

Quantities of fishing nets and lines waste
generated

When the quantities of EOL fishing nets, lines and ropes for 16
fishing companies were combined, approximately 64 tons were
generated in 2022. Given that there are 26 fishing companies in
Namibia, and with an assumption that the companies generate similar
quantities, then the total tentative annual estimate of EOL fishing
nets, lines and ropes generated is 104 tons for the Namibian
fishing industry.

81.2% of the surveyed fishing companies recover some parts
(about 10%) of EOL fishing gear such as galvanized steel components,
ropes, metal chains and cod-end of nets and reuse them on refurbished
gear. None of the studied fishing companies recycle EOL fishing gear
into new products.

Frontiers in Sustainability

Years in operation Fishing gear damaged 1

<3years 0.0 Fishing gear lost at sea 1

3-10years 12,5 Fishing gear replaced with a gear of a new model 1

11-18years 0.0 Fishing gear replaced due to wear and tear 12

19-25years 31.3 Fishing gear replace because the mesh sizes no longer 1

>25years 56.2 comply with requirements

Fishery type

Demersal trawling fishery 625 The results in Table 2 show that ‘replaced due to wear and tear’

Pelagic trawling fishery 18.8 was the most reason fishing companies changed the previous fishing

Long line fishery 125 nets, lines and ropes. Other reasons for replacing the previous fishing
line, ropes, or net, were ‘fishing gear lost at sea, ‘fishing gear damaged’

Demersal and pelagic trawling 6.2 . P . £8 ; &8 8
and ‘gear replaced with a gear of a new model.

State of imported fishing gear used When fishing nets, lines and ropes reach their end of life, they are sold

Raw material for fishing gear 0.0 to fishing company employees, sent to scrap yards, discarded at a landfill

Semi- complete fishing gear 50.0 site, or donated to the community. Fleet managers opined that it would

Complete fishing gear 250 be easier to manage waste generated from fishing nets, lines and ropes if
there was a centralized place where this waste could be dropped off.

Semi- complete and complete fishing gear 25.0

The management of EOL fishing gear

Three practices were observed among the Walvis Bay based fishing
companies; selling the EOL fishing nets, lines and ropes (to their
employees or to scrap dealers), donating to institutions like correctional
service, and landfilling of EOL fishing gear. Unquantified amounts of
EOL fishing gear are disposed of at the Walvis Bay Municipality (WBM)
landfill site by the fishing companies (as the generators). They either
transport it themselves to the site or through third-party waste
management contractors. The WBM applies the polluter pays principle
and also fines the polluter for polluting the environment. Furthermore,
the polluter also pays costs of decontaminating the environment. At the
landfill site, the EOL fishing gear is disposed of together with other
general and domestic waste.

However, the community members mostly collect them to
be sold. Thereafter, they are sold at open markets, to be repurposed,
although this probably only represents a small percentage of the total
quantity of EOL fishing nets, lines and ropes (Figure 2). The actual
quantities of EOL fishing gear collected by community members are
unknown, highlighting data gaps.

Old ropes and lines are used as reinforcement in construction, and
also used to stitch shoes by shoemakers while inland, farmers use them to
herd, handle and restrain cattle, serve as harness for horse riding and also
used to pull water buckets out of water wells. Some old fishing nets are
used as door mats, sports nets (goalkeeper nets), ornaments, gardening
tools, home décor and to make shades. Some fishing nets are used in the
transportation to cover goods (Figure 3) and as floor coverings (Figure 4).

Challenges with EOL fishing gear
When probed about the challenges the fishing companies face

with regard to EOL fishing gear management and disposal, fleet
managers listed the following seven challenges:

frontiersin.org


https://doi.org/10.3389/frsus.2024.1356265
https://www.frontiersin.org/Sustainability
https://www.frontiersin.org

Erasmus et al.

10.3389/frsus.2024.1356265

FIGURE 2

End-of-life fishing nets, lines and ropes at the Kuisebmund open market in Walvis Bay, Namibia prepared to be sold for various purposes.

Derelict fishing gear accumulation at fishing factories, because
fishing nets, lines and ropes can be extremely large and heavy,
thereby taking up space.

Lack of waste recovery factory/facility to collect and process EOL
fishing gear to create value-added products.

Fear of additional costs in recycling (converting EOL fishing gear
into new value-added products)

o Lack of expertise in recycling or repurposing fishing nets, ropes,
and lines.

Disposing of the EOL fishing gear to landfill sites due to added
financial burden.

A shorter lifespan for fishing gear in Namibia, makes it necessary
for frequent replacing which leads to more fishing gear waste.

Current fishing gear not designed for Circular Economy.

Discussion

In this study, we investigated the contribution of End-Of-Life
(EOL) fishing nets and lines to a circular economy, focusing on
current practices, challenges, and opportunities in the Namibian
context. The fishing industry has become a focal point for the CE
initiatives, due to its reliance on finite resources and potential
environmental impact. This study confirms that the Namibian fishing
industry indeed generates waste as initially listed by Haimbala and
Ambi (2020), although the quantities were not provided in that study.

Frontiers in Sustainability

When these materials are obsolete as fishing gear, lose usability and
are beyond repair, they are disposed of, and such waste contributes to
marine and terrestrial pollution, if not correctly managed. This study
explored the possibility of full utilization of EOL fishing nets, lines and
ropes to promote sustainable consumption and to achieve circularity
within the fishing industry. The data from this survey are useful as
they represent responses from 61.5% of fishing companies studied.
Therefore, the study provides findings to support the need for novel
approaches to manage EOL fishing gear.

Quantities of EOL fishing lines and nets

The Namibian fishing industry generates a significant amount of
EOL fishing nets, lines and ropes (approximately 104 tons) annually.
It remains a challenge to quantify EOL fishing gear, thus the figure
presented is an estimate, based on self-reporting, which could
introduce some bias as seen in other studies such as McCormick et al.
(2013). This highlights a need for the Walvis Bay Municipality (and
other municipalities) to record the EOL fishing gear waste separately
rather than categorising it as ‘waste from fishing factories” which
includes other waste such as boxes, straps, detergent containers,
damaged waste bins and old pallets, this would help in validating
quantities provided by the fishing companies.

If the fishing gear are of longer life span, the estimated
quantities of waste generated would be lower. With an average
lifetime of 3 years for fishing nets and 2 years for fishing lines,
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FIGURE 3

End-of-life fishing nets as floor covering at a carwash in Walvis Bay, Namibia.

FIGURE 4

End-of-life fishing nets used to cover goods during transportation from Walvis Bay to various locations in Namibia.

frequent use would ultimately lead to wear and tear, as revealed by
the fleet managers, thus making replacement of EOL fishing gear
necessary (Table 2). The lifespan of fishing nets is on par with
estimates from Scotland (Large polyethylene demersal: 3 years,
small polyethylene demersal: 5 years, nylon pelagic nets: 8 years,
polyethylene beam travel nets: 0.5 years, nylon gill nets: 0.5 years;
Chambers et al., 2021) and Norway (trawl: 2.8 years, purse seine:
10.2 years, Danish seine: 3.9 years, gillnets: 2.1years; Deshpande
etal., 2019). Replacing fishing gear lost at sea was also discussed in
Nogueira et al. (2022). Our findings support the premise that
fishing nets and lines should be designed and manufactured to
be resilient and long-lasting in order to enhance resource efficiency
and the ability to be reused and recycled. Many factors influence
the lifespan of a fishing gear, for example if fishing nets are exposed

Frontiers in Sustainability

to the sun rays for a prolonged period, they lose their strength as
the sun breaks down polyester nets and twine. In Namibia two
factors accelerate deterioration of fishing gear, firstly, the sun rays
break down the nets and rope quicker than countries with less
sunshine. Secondly, the iron parts of fishing gear is quicker to rust
as Namibia is one of the worst countries in the world where rust
is aggressive.

Current EOL fishing gear management
practices

Apart from selling the EOL fishing nets and lines to employees
and donating to institutes, the study indicates that landfilling of
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EOL fishing gear is a primary route in Namibia, which is also
common in other countries such as Sweden (Charter, 2023), Norway
(Deshpande et al, 2020a) and Scotland (Cole et al, 2019).
Landfilling, although a generally acceptable waste management
method, presents environmental risks because landfills are potential
causes of fires or explosions, and can contaminate soil and water,
whilst they also cause other negative implications including
reducing the value of the surrounding areas (Vaverkova, 2019).
Thus, landfill should be a last option for EOL fishing gear, with
recycling representing a more desirable end-of-life treatment than
incineration and landfilling (Cole et al., 2019; Tippet, 2023;
Karadurmus and Bilgli, 2024).

Generally fishing nets, lines and ropes are not single use, thus the
element of reuse is invariably present. However, 81.2% of the fishing
companies indicated that they recover some parts of the EOL fishing
gear to reuse when the gear is in poor condition, without recycling
them into new products. Reusing and recycling fishing gear was
already proposed as a “Take-back scheme for fishing gear’ by Nogueira
et al. (2022), and countries such as Iceland have already started
recycling fishing gear (Bergmann et al., 2022). While the Namibian
fishing industry might not fully conform to a CE in terms of fishing
gear waste, we cannot conclude that EOL fishing nets, lines and ropes
are not part of CE. It is commendable that while EOL fishing gear is
dumped at dumpsites, individual vendors in coastal areas collect EOL
fishing nets, lines and ropes which they repurpose for various activities
such as gardening, transportation and at the carwash to serve as
carpets/floor coverings. Here we advocate for the creation of artisanal
value-added products from EOL fishing gear, however, this warrants
a study opportunity to identify and map products that can potentially
be made out of EOL fishing gear. Globally there are instances of EOL
fishing gear recycled or repurposed into accessories, clothing,
footwear, homeware, and recreational products (Charter, 2022).

Some fishing companies sell derelict fishing nets, lines and ropes
to their employees. Old fishing nets and lines are also sold by vendors
inland (away from the coast) catering to consumers who have limited
access to the ocean and fishing companies (NBC, 2023). We observed
that some EOL fishing nets are sold in pieces as bathing scrubbing
nets, however the quantities are unknown, because they are not
recorded. Although these EOL fishing nets are in demand as they have
many uses, we observed that no value is added to these fishing gear
waste as they are simply repurposed.

Opportunities to promote a circular
economy

Transitioning from LE to CE presents many benefits including
resource efficiency, waste reduction, creation of employment
opportunities, reducing business production costs, economic
opportunities, and business models. Thus, implementing a CE is a
catalyst in accelerating economic growth (Naustdalslid, 2014;
Darmandieu et al., 2021; Eimontas et al., 2023; Longfor et al,,
2023), with numerus opportunities. Instead of disposing of
resources in landfills as the final waste management alternative, the
CE model emphasizes recycling and reusing materials, a practice
beneficial to the environment and can lead to sustainability
(Deshpande et al., 2020a). In addition, nets, lines and ropes are
predominantly composed of plastic polymers made from
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petrochemicals (Merrington, 2017). Increasing the amount of
fishing gear that is recycled, reused, or repurposed offsets the
creation or use of virgin plastic materials. Therefore, encouraging
and supporting solutions for EOL fishing gear can help support the
move away from fossil fuels and increase resource sustainability.
However, the price of virgin plastics is linked to the price of oil
(Hopewell et al., 2009; Gu et al.,, 2020), and consequently recycled
plastics are less economically viable when oil prices are lower
(Merrington, 2017) which poses a challenge for developing a CE
for fishing gear.

The CE presents an opportunity to convert ‘trash’ to ‘treasure’. For
example, investing in waste-to-energy and conversion technologies
can address the challenge of waste disposal while simultaneously
contributing to renewable energy production and resource recovery
(Suprapto, 2022). Meanwhile, new technologies may offer a pathway
to the creation of products of added value. For instance, Wyss et al.
(2023) demonstrated how plastic waste can be converted into clean H,
along with high purity graphene. This idea and technique could
be applied to EOL fishing gear, as Eimontas et al. (2023) indicated its
suitability as a feedstock for additional higher added value energy
product generation. The practice of value addition is well highlighted
in the concept of the Blue Economy, which most countries, including
Namibia, are advocating for. The integration of CE principles in the
blue economy can lead to sustainable growth, reduced environmental
impact, and improved livelihoods for coastal communities, while
preserving the health and integrity of marine ecosystems
and resources.

As CE practices become more widespread, new business
opportunities will emerge, particularly in the recycling, repair, and
remanufacturing sectors. Sweden created a recycling centre focusing
on fishing gear waste (Charter, 2023), that can serve as a model for
other countries. Recycling fishing nets has the potential to generate
income, create employment opportunities, and reduce environmental
pollution. Recovered fishing nets, lines and ropes can promote CE, as
they can be used as reinforcement materials in construction materials
such as cementitious mortars and gypsum boards (Ottosen et al.,
2018; Bertelsen and Ottosen, 2022) and can also be used to
manufacture new fishing nets (European Commission, 2015). The
model can help conserve virgin materials and by sourcing inputs
locally, businesses can reduce the risks associated with supply chain
disruptions, such as price fluctuations and shortages (Longfor et al.,
2023), especially as a substantial number of companies source fishing
gear from Spain (27.7%) and other countries. This can help local
businesses maintain their operations during periods of economic
uncertainty and contribute to the overall stability of the local economy.

Locally manufactured products can be good for the economy and
stimulate development and growth, through employment creation
(workers to operate machinery, manage inventory, and handle
customer service), which in turn boosts the local economy. Former
fishermen were reported to have created employment opportunities
through selling old fishing nets to farmers (NBC, 19 September 2023).
CE promotes sustainable and responsible business practices that
benefit both the environment and the economy (Nilsen, 2020;
Darmandieu et al., 2021). Local manufacturing firms can respond
more quickly to changes in demand and supply and increase local
competitiveness and market conditions adaptability. This can lead to
greater innovation and creativity, and designs by means of
repurposing, recycling, and reuse of fishing nets, lines and ropes. In
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addition, there can be a breakthrough in technology, new products,
and new industries, and a win-win for both local firms and healthy
trade for a resilient domestic economy (Aligod and Kaoud, 2023). The
fishing gear ‘manufacturing’ companies in Namibia have been
described as ‘net-loft’ that repair and maintain the fishing gear
(Endjambi, 2017). Although the existing fishing gear manufacturing
companies are not ‘true manufacturing companies, because they
import fishing gear parts and assemble them, their establishment in
Namibia is a step in the right direction to stimulate the industry and
grow the economy. In 2022 alone, Namibia imported 560 tons of
fishing nets, lines and ropes (Data obtained from the Namibia
Revenue Agency (NamRA)). The local manufacturing companies hold
the potential to recycle the EOL fishing gear as an action geared
toward transitioning from the LE model that centres around “take,
make, use and dispose” (Furkan, 2017; Gill and Verma, 2021; Rashid
and Malik, 2023). The EOL fishing gear studied are largely made out
of plastics, which can be recycled, reused, and adopted as input
materials by manufacturers such as Plastic Package which are already
making plastics from recycled materials. Fishing nets are primarily
made from the polymers polyethylene (PE), polypropylene (PP), and
Nylon (polyamide/PA) (Andrady, 2011; Deshpande et al., 2020b).
However, whilst nylon is of higher value and use for recycling as it
maintains its structural and mechanical properties through several
recycling cycles, this is not the case for other polymers (Deshpande
etal,, 2020a). For instance, recycling PE fishing gear has its limitations,
with a degradation of mechanical properties requiring the addition of
virgin plastics or consideration of other uses (Juan et al., 2021).
Consequently, nylon as a recycled material tends to retain its economic
value to a greater extent than PE and PP.

A CE can significantly increase efforts aimed at reducing marine
pollution of plastic waste from EOL fishing gear, which is a major
threat to marine life and ecosystems, including in the form of
microplastics which known to be shed from Abandoned, Lost, or
otherwise Discarded Fishing Gear (ALDFG) (Syversen et al., 2022).
None of the fishing companies have reported deliberate dumping of
fishing nets, most likely due to their high financial cost, with fishing
nets estimated at approximately N$450000 (USD 30200). However,
30% have indicated a loss of fishing nets without retrieval in the last
12 months. In addition to the costs, the International Convention for
the Prevention of Pollution from Ships (MARPOL, 1973) mandates
fishing vessels to retrieve all lost fishing gear and minimize pollution.
It is easy now to retrieve fishing gear as modern equipment, for
example net sensor, makes easier to search and locate gear. The CE
aims to minimize waste generation by keeping the products circulating
in the economy (Rashid and Malik, 2023). Furthermore, since none
of the surveyed companies use biodegradable fishing gear (BFG) at the
moment, the fishing industry could transition to BFG that is
potentially less harmful to the environment and biota when lost at sea,
especially in terms of reduced “ghost fishing” (Drakeford et al., 2023).
However, this calls for regulation to enforce the use of BEG to compel
the fishing industry to adopt its use. Since there are fishing gear
manufacturing companies, it might be ideal to restrict fishing
companies to use a certain percentage (e.g., 60%) of the gear
manufactured locally, where regulation could be passed to ensure that
the fishing gear manufactured is biodegradable. Namibia only has two
ports, as opposed to other countries like South Africa with multiple
ports, which should make it easy to address the issue of EOL fishing
gear. However, reluctance to switch to BFG could be attributed to the

Frontiers in Sustainability

10.3389/frsus.2024.1356265

fact that currently it appears to be technically inferior to conventional
fishing gear, giving a lower performance and leading to relatively lower
catches (Grimaldo et al., 2019; Kim et al., 2019), however this warrants
further investigation. CE also presents opportunities for value addition
if the waste is repurposed into valuable goods, there by presenting
hidden opportunities for economic growth.

Challenges to circular economy

The fishing industry has recognized key challenges associated
with EOL fishing gear, highlighting an urgent need to address them.
Key to the success of adopting the CE model is a need for the
establishment of regulatory tools specific to the adoption of the CE
model which would compel both consumers and producers to
transition from LE to CE with an aim to design products with longer
lifespans to be able to be recycled and reused (Nogueira et al., 2022;
Rashid and Malik, 2023). For example, the European Commission has
approached the challenge of EOL fishing gear and ALDFG by
incorporating CE (Basurko et al., 2023). Similarly, the United Nations
with Global Ghost Gear Initiative and other developed countries
including India have already adopted the CE model (Gill and Verma,
2021). However, the concept is still novice in Africa (Mhlanga et al,
2022). Kenya (Muriithi and Ngare, 2023), South Africa (Republic of
South Africa, 2020) and Nigeria (Olukanni et al., 2018) are among the
few countries in Africa reported having policies and practices that
align with CE.

The Namibian Marine Resources Regulations of 2001
(Government Notice 241 of 2001) prohibits fishing gear to be left in
the sea or on the seashore on the termination of harvesting.
Furthermore, any costs incurred in connection with the removal of
any fishing gear, or any other non-biodegradable object may
be recovered from the person by whom the gear or object was left on
or in the sea or on the seashore, which costs constitute a debt owing
to the State. Although this regulation places Namibia among the few
countries committed to protect the environment, there are still gaps
regarding how fishing gear waste should be managed. For effective
waste management, countries should formulate waste management
laws and policies (Suprapto, 2022). Although the CE model in
Namibia is embedded in the National Solid Waste Management
Strategy (GRN, 2017), not much is achieved to this effect. To accelerate
the transition to CE, municipal waste regulations such as the WBM
Solid and Hazardous Waste Management Regulations: Local
Authorities Act 1992 (GRN, 2011) can be amended to consider the use
of waste to promote CE. At a local level, the WBM promotes CE
through their Integrated Environmental Policy (Municipality of
Walvis Bay, 2023). The WBM is guided by the National Waste
Management Strategy for the Ministry of Environment Forestry and
Tourism (GRN, 2017), the Environmental Management Act (EMA)
of 2007 (EMA, 2007) and other international best practices.
Addressing challenges associated with the incorporation of EOL
fishing gear into CE requires a multi-faceted approach involving
collaboration between governments, fishing industry stakeholders,
environmental organizations, and local communities to develop
sustainable solutions for recycling EOL fishing gear. However, care
should be taken to recycle into products that are non-toxic.

The lack of recycling expertise and waste recovery facilities to
collect and convert EOL fishing gear to value-added products further
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limits the practice of CE in Namibia. This challenge is not unique to
Namibia, for example Deshpande et al. (2020a) recognized the large
quantities of EOL fishing gear generation in Norway, however, they
opined that the lack of recycling capacity and inadequate infrastructure
has resulted in exporting most of the recyclable fraction out of Norway
for further processing. Another report based on work done in 2019 in
Scotland indicated that there are currently no recycling facilities for
waste nets in Scotland and typically the only viable waste destination
is landfill (Cole et al., 2019). This challenge can be addressed by for
example introducing a port reception facility, which can facilitate
more efficient collection of gear (Tippet, 2023). Establishment of
recycling facilities coupled with CE expertise make a good receipt for
promotion of CE. A long-term goal could be the establishment of an
innovation hub, including a port reception facility, near one of the two
ports, that brings together and engages key stakeholders, and adds to
the value chain of EOL fishing nets, lines, and ropes.

The strategies to promote CE should involve key stakeholders to
promote engagement and collaboration, especially in the blue economy.
Key stakeholders include national government, local governments,
businesses, local communities, and NGOs working together to develop
and implement sustainable practices. Stakeholders need to have a solid
understanding of the possible economic gains, waste reduction, reduced
environmental load, and material reuse for the CE concept to
be implemented successfully (Despeisse et al., 2015; Nogueira et al.,
2022). Central to the strategies is a need to prioritize awareness-raising
efforts to help consumers understand the benefits of the CE. Marketing
campaigns that highlight the environmental benefits of sustainable
products to educational programs that rise awareness to consumers to
recycle and reuse products effectively. By implementing these strategies,
businesses can successfully adopt the CE model and make a positive
impact on the environment while also improving business profits.

Key challenges toward developing a CE for fishing nets, lines and
ropes included a lack of recycling facilities and infrastructure, and
paucity of data on the amount and types of material reaching
EOL. However, despite these challenges, Namibia has the potential to
be a lodestar for fishing nets, lines, and ropes CE within the wider
African region. The low number of ports (two), in combination with
the presence of smalls-scale reuse and recycling practices are favorable
to the establishment and scaling-up of fishing gear management and
recycling efforts. In addition, the Namibian Government has aligned
with key goals striving toward sustainable development and fisheries
(FAO, 2015; UNDP, 20165 FAO, 2022), and has named environmental
sustainability as one of the four integrated pillars of sustainable
development in the 5th National Development Plan (NDP5, 2017).

There is also a track record for implementing innovative solutions
in the fisheries sector within the region to alleviate negative impacts
on wildlife. For instance, changes to Namibian hake (Merluccius spp)
fisheries to include bird-scaring lines, following regulations passed by
the Ministry of Fisheries and Marine Resources, resulted in 98.4%
reduction in seabirds killed (Da Rocha et al., 2021). Additionally, it is
important that environmental sustainability is embedded within the
fisheries development as the sector is important in terms of
employment and the economy in Namibia (NPD5, 2017; NSA, 2021;
FAO, 2024), and because fisheries themselves are likely to suffer
reduced efficiency and productivity due to marine plastics including
fishing gear (Beaumont et al, 2019). Therefore, there exists the
potential to combine innovation, industry, businesses, and policy
together with community engagement and entrepreneurs to drive
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initiatives that enhance the movement toward a circular economy
fishing nets, lines, and ropes in Namibia.

Conclusion and recommendations

Our results highlight an urgent need for the adoption of a CE
model focusing on EOL fishing gear generated in the Namibian
fishing industry, thereby contributing to effective waste management,
and promoting sustainable consumption of resources. Although our
study makes an important contribution to the CE paradigm, in
relation to EOL fishing gear, it was limited to only fishing nets, lines
and ropes, while other fishing gear such as fishing traps were not
considered. Future studies, therefore, can include other EOL fishing
gears to allow for more generalized conclusions. Furthermore, there
is a need for the Walvis Bay Municipality (and other municipalities)
to record the EOL fishing gear waste separately. This study highlights
a paucity of data as far as EOL fishing gear is concerned. To better
inform recyclers and understand the potential for new products it is
vital that the amount of the material available is established. The
fishing industry, who bears the costs and time associated with the
management and disposal of EOL fishing gear is best placed to take a
comprehensive inventory of the types and amount of waste produced
annual. We also recommend the Government of Namibia to strictly
enforce the Polluter pays principle stipulated in the Namibia’s National
Marine Pollution Contingency Plan (NMPCP) (NPC, 2017), whereby
the costs of pollution are borne by those causing it, rather than on
those who are affected by its consequences. In addition, although
supporting sustainable practices is a key underlying principle of the
SSF guidelines adopted as part of Namibia’s National Plan of Action
for Small-Scale Fisheries (FAO, 2022), there is no specific reference,
recommendations, or guidelines concerning waste or end-of-life
fishing gear, nor its disposal or recycling. We recommend the inclusion
of sustainable fishing gear management in the next iteration of
Namibia’s National Development Plan to support sustainable fishing
practices and enhance resource management and efficiency, and to
encourage the movement toward a more circular economy. There is
an opportunity to extend the life of materials used in fishing gear by
ensuring that they remain in circulation and not disposed when they
reach their end-of-life. We recognize the community recycling of
fishing gear on a small scale and on a more informal practice; however,
this concept can be extended to various commercial fields to maximize
the economic and environmental gains. It is undeniable that realizing
the transition from LE to CE requires considerable legislation changes
that can compel both users and producers to embrace the CE model
and at the same time hold fishing companies accountable for their
fishing gear waste. Furthermore, it is important to involve key
stakeholders in the business sector when driving the CE, as
consultations with key stakeholders can provide valuable insight on
how to effectively implement CE. Reducing waste and promoting
circularity of resources holds promises to advance a more sustainable
and prosperous planet and global market economy.
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