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Abstract

This project is part of the blue circular economy (BCE) and is based on previous work done by
Deshpande et al. (2020) in using material flow analysis to quantify masses of plastic, focusing in
this paper on gear used in fish farming, especially in the region of Mgre and Romsdal. The main
purpose of this study is to perform a material flow analysis to have clear visibility of the stocks
and flows of plastics linked to the aquaculture industry in Norway, especially in the selected area.
In this study, the researchers tried to investigate the mass of plastic (MoP) in the aquaculture gear
(AGs) used in aquaculture activities. Additionally, this study brings to light the nature of
relationships existing among waste management companies, aquaculture companies, and their
suppliers and manufacturers of gear. Both qualitative in the form of online semi-structured
interviews and quantitative methods in the form of Material Flow Analysis (MFA) have been used
to analyze the full scenario. The interviews uncovered the current challenges the region and
country are facing with managing plastic waste, specifically generated from the aquaculture
industry, plus the different strategies set forth by the different industry players and governments
to deal with these challenges. Whereas the results from the MFA show that 52% of the waste gear
from fish farming companies is sent to be recycled, 14% is landfilled, and 34% is incinerated in
the region. The combination of these results can be useful to help have a better understanding of
the contribution of the aquaculture industry in polluting the oceans and therefore inform all the
key players who can and should take action to counter this problem primarily through sustainable

management of the plastic gear used in the diverse operations.
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2 INTRODUCTION:

2.1 BACKGROUND INFORMATION
Is there any place left in this world where we will not find plastic waste? The answer is a

plain No. Plastic is everywhere, from the Everest peak (WILKINSON, 2020) to the arctic
(Harrabin, 2019). Ocean Cleanup, a non-profit foundation, came up with a statistic revealing that
“5 trillion pieces of plastic currently litter the ocean” (The Ocean Cleanup, 2011). Plastic is
gradually entering the human body through the food chain and impacting the full ecosystem and
economy. A study done by Deloitte for the Ocean Cleanup shows that the estimated economic
impact and clean-up cost from Marine Plastic Pollution in land-based water is USD 1.22 per capita
in Europe in 2018 (Deloitte, 2020). If no action is taken immediately, the whole world will be a
dumping zone and it will cost much more than we have ever imagined.

So, what is the solution? According to Paul Manning Chairman of Ocean resource
management, “What the world has missed, is the massive wealth of raw materials floating in the
oceans” (TOMRA, 2019, p. 9). If we have the formula to convert plastic waste to assets, we will
be able to start a new era and bring a positive economic and environmental shift. Therefore, we all
need to be united, open, and eager to positive change and embrace it. For example, The New Plastic
Economy, a non-profit organization, builds on a vision called “A circular economy for plastic in
which it never becomes waste” bringing all the greatest minds to bring this positive shift (New
Plastics Economy, 2017). Involving companies with such joint effort might help to find an
innovative solution.

At this point, only an average of 5% of plastic material is used for subsequent use
(TOMRA, 2019). According to a study conducted by Deloitte mentioned, 95% of plastic
packaging material which is valued at USD 80-120 billion is lost to the economy annually after
using it once (Deloitte, 2020). To increase the number there is no other way but to improve the
infrastructure for waste management locally (TOMRA, 2019) and using high-end technology
(Deloitte, 2020), and bringing strict regulations and policies such as the EPR scheme.

The truth is that “there is currently no overview of the actual amount of plastic packaging
put on the market in Norway which creates uncertainty over the actual amount is recycled.”
(Deloitte, 2020, p 2). However, considering the updated policies and initiatives taken by the

Norwegian Government it can be said that Norway is putting tons of effort to create policies and
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develop systems to track plastic waste generated from different systems, and how to create a plastic
circular economy. To add more value to the plastic circular economy and blue circular economy,
the researchers are going to perform a material flow analysis to have clear visibility of the stocks
and flows of plastics linked to the aquaculture industry in Norway, especially Mgre Rgmsdal
region. Researchers will also reflect on the concern, ideas, and future initiatives that are going to

be taken by the thought leaders from aquaculture industries.

2.2 REGULATIONS AND THEIR IMPACT ON THE AQUACULTURE INDUSTRY
Marine litter, a global issue, threatening to both life along the coast and in the sea, requires

a systematic solution (Boucher et al., 2020), and a contribution from the international, national,
and local levels is necessary. The UN Sustainability Goal 14.1 states that “all marine pollution,
especially from land-based sources, including marine litter and nutrients, must be prevented and
significantly reduced by 2025”. (United Nations Statistics Division, 2019) According to EU
Directive, 2018/852/ of 30 May 2018 amending Directive 94/62/ EC on the packaging and plastic
waste, the new target for the recycling of plastic packaging waste is 50% by 315 December 2025
and 55% by 31 December 2030.

Chinese national Sword, bans various plastic including such as PET, PE, PVC and PS,
paper and solid waste to import, was a wakeup call for the developed country which came into
effect in February 2018. (Tomra Recycling news, 2019) Later, the Basel Convention, a multilateral
environmental agreement, introduced a new and stronger, legally binding international control in
2019 on the transboundary movements of certain types of plastic wastes. Based on that, the EU
introduced a stricter law where exports of Basel-regulated plastic waste from the EU to non-OECD
countries are banned (Ministry of Climate and Environment, 2020), examples of these countries
include Argentina, Brazil, India, Malaysia, Singapore, South Africa, and Thailand (OECD, n.d.).
The new regulation introduces Prior Informed Consent (PIC) procedure, and exporting country
requires prior consent and ensures that it will reach a certain destination in an environmentally
friendly way which enters into force as Norwegian law 1.1.2021 (Ministry of Climate and
Environment, 2017).
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To show solidarity with the global plastic waste movement and be an integral part of it,
Norway took the respective initiative to lead and tackle plastic waste (Royal Norwegian Embassy
in Washington, 2019). To contribute to the Sustainable Development Goal (SDG) 14.1, in 2018,
the Norwegian government launched a new development program with a budget of 1,6 billion
NOK which would combat marine litter and microplastics from large sources in developing
countries (Ministry of Foreign Affairs, 2020). Under the action plan against marine litter from the
Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR),
“Norway has endorsed the goal that the supply of waste that has a negative impact in coastal areas,
on the sea surface, in the water masses, and on the seabed shall be reduced.” (Ministry of Climate
and Environment, 2017). To fulfill OSPAR's action plan, Norway has started monitoring and
reporting beach litter since 2011 and those reports revealed that fishing lines, nets and pieces of
net, rope, and more than 70 % of other objects found are of plastic. Under OSPAR’s Marine Litter
Regional Action Plan, Norway has adopted the goal of reducing inputs of litter that have negative
impacts on coastal waters, the sea surface, the water column, or the seabed. (Ministry of Climate
and Environment, 2017) According to the Norwegian Pollution control act (1981), “Industrial
waste shall be delivered to a lawful waste treatment and disposal plant unless it can be recovered
or used in another way. “ Under the Marine Resources Act, “fishermen are required to search for
lost fishing gear and report losses to the Norwegian Coast Guard if the gear is not retrieved”.
Moreover, every year The Directorate of Fisheries organizes a retrieval program for lost fishing

gear. (Ministry of Climate and Environment, 2017

To build a plastic circular economy, there is no other way but EPR (extended producer
responsibility) that can play a significant role. However, EPR schemes in Norway which are
regulated by the Norwegian Waste Regulations only consider a plastic product which is defined as
packaging. That does mean that the following four categories of plastic are not covered by the
current legislation.

e “Plastic packaging put on the market by companies that together put on the market less
than 1,000 kg.

e Privately imported plastic packaging (internet or cross-border shopping)

e Other plastic products, such as toys, outdoor furniture, and fishing equipment

e Plastic packaging that is not reported by current members of PROs (underreporting).”
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(Deloitte, 2020, p. 35)

An example portrayed in the report published by Deloitte mentioned “one fish box in EPS
(Expanded polystyrene) weighs 0,6 kg. This means that a producer may put 1667 units of fishing
boxes on the market without being obliged” (Deloitte, 2020, p. 35), whereas low-density EPS is
one of the main sources of marine littering. The Norwegian Environment Agency is reviewing a
proposal for a producer responsibility scheme for the fisheries and aquaculture industry (Ministry
of Climate and Environment, 2017).

In a report of Deloitte (2020), they suggested some points to add in the next amendment of
the EPR scheme which can help to develop a plastic circular economy some of them are pointed
below-

e Putting a tax on virgin material or subsidized recycled plastic because when the virgin
material is cheaper than the recycled one, producers will not use the recycled one unless
they are legally required to.

e Standardization in product design or digital marking can be a game-changer to sort plastic
waste easily. Under the current scheme, producers do not have any operational or financial
responsibility for the litter generated by their product. However, by implementing digital
marking producers would be liable for every product they use.

e A National Plan to develop infrastructure which would allow the mobilization industry to
find which area can use more recycled plastic (Deloitte, 2020).

e Recycled waste shall be measured when it enters the recycling operation (Deloitte, 2020,

p. 25), as the loss of plastic waste from the value chain increases the risk of pollution.

2.3 RESEARCH PROBLEM AND OBJECTIVES
As of today, extensive work has been done to track and monitor plastic waste generating

from commercial fishing in Norway, however, very few contributions exist to focus solely on the
aquaculture industry and its effect on the ocean’s health. This study will target directly this gap,
trying to use the same methods of Deshpande’s work in material flow analysis (MFA) to track the
stocks and flows of plastic waste in the region of Mgre and Romsdal. The potential results of this
project will be crucial for decision-makers in this area, including government officials and

company leaders. For companies, it will reveal the plastic footprint of the aquaculture activities
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and highlight missed opportunities to adopt more circular business models. As for the government,
it can help in introducing new rules and regulations to diminish the effect of plastic waste on the
ocean. This project is trying to contribute to innovation in business models and sustainable
development, areas that are directly linked to the researchers’ fields of study and specializations
which are innovation and entrepreneurship.

The main purpose of this study is to focus on the aquaculture companies that have fish
farms in the production area “Stadt to Hustadvika” in the region of Mgre Og Romsdal in Norway
and perform a material flow analysis to first understand the flows of plastic mass linked to the
aquaculture activities, and then investigate the waste management strategies and perspectives from
specialists in the field. In the end, strategies will be suggested on how to close the loop of materials
for the observed companies. This study will be based on the MFA, triple bottom line theory,
showing the impact of having a circular business model on people, the planet, and profit.

This study will provide answers to the following research questions:
e What are the stocks and flows of aquaculture plastics in the region of Mgre and Romsdal?
e What are the current challenges Norway is facing with managing plastic waste generating
from the aquaculture industry?
e What are the strategies set forth by the different industry players to deal with these

challenges?

To answer the above questions, researchers used the upstream and downstream approach
influenced by ‘a network of organizations’ theme (Harrison et al., fig 1.3) to identify the parties
are involved in dealing with plastic in this particular industry.

Waste
management/Rec

Focal Firm
Suppliers

(Aquaculture ycling companies
companies)

Figure 2-1: Network of the Aquaculture company
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Researchers used both quantitative and qualitative methods to collect data. For qualitative
research, the researcher conducted the interview and for quantitative research, researchers used
survey monkey to collect data. As mentioned above, there is little knowledge about plastic
pollution directly linked to the aquaculture industry and there is a lack of quantifiable data about
plastics and microplastics that exist in the ocean caused by fish farming activities. This study
targets to identify the reason for that gap and creates a bridge. This study explains the current
strategies and challenges that Norway is facing to manage plastic waste that is generated from
aquaculture companies. Therefore, the following entities would get benefit from this study:
aquaculture companies, suppliers of gear, waste management companies, the government and
entrepreneurs who would like to work with the plastic recycling business. The different actors
involved can use the findings of this project to have a better understanding of the current situation

of plastics and how the industry players are handling it.

In the next chapters of this paper, a brief literature review will be presented, followed by the
methodology chapter where a detailed explanation of the research process is discussed. The final
chapters of this study will be dedicated to describe the results, discussion, contribution, and future

research potential.
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3 LITERATURE REVIEW

This chapter will focus on reviewing existing literature about diverse topics relevant to this
research project, including marine pollution caused by aquaculture activities, current sustainability

standards, extended producers’ responsibility (EPR), and material flow analysis (MFA).

3.1 MARINE POLLUTION
Gront Punkt Norge’s and Infinitum’s analyses revealed that 171,344 tonnes of plastic are

put into the market in 2018 and the recycling rate was 44% (Deloitte, 2020). However, this number
is only an estimation. According to Deshpande et.al (2020, p.1), “commercial fishing in Norway
contributes to around 380 t/yr. mass of plastics from lost fishing gears and parts. Additionally,
around 4000 tons of plastic waste is collected in Norway annually from derelict fishing gears out
of which 24% is landfilled, and 21% is incinerated for energy recovery.” Data from beach clean-
up organized in Norway shows that most litter on beaches in the southern part of the country is
from land-based sources such as households, industry, construction, and agriculture, while the
proportion of litter from the fisheries and other ocean-based sources tends to be higher further
north. Additionally, 80 % of plastic waste of all world oceans is assumed to originate from land-
based sources and 20% is from sea-based activities in fisheries and shipping (Ministry of Climate

and Environment, 2017).
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Marine litter

- fractions at selected localities along the Norwegian coast

Tromsg

Flakstad

Vestvaggy

Food and drink containers

‘ ™ Fisheries-related waste

’\ = Cigarettes and related litter

Plastic bags and
unspecified plastics

‘ m Disposable cutlery, glasses,

plates, barbecues
e

Haugesund
Oslo
Porsgrunn Baerum

Map data: Norwegian Mapping Authority

Figure 3-1: Proportions of different fractions of marine litter collected at selected localities in 2011 (Ministry of Climate and
Environment, 2017).

3.2 POLLUTION CONTRIBUTION FROM THE AQUACULTURE INDUSTRY
Among the many organizations working towards the goal of having a cleaner and healthier

ocean, the Aquaculture Stewardship Council (ASC) appears in most searches especially when it is
related to aquaculture. ASC is an international independent not-for-profit organization that

specializes in managing the certifications of responsible aquaculture in the globe (ASC, n.d.).

After considering the inclusion of the marine litter problematic in their certification
standard, the ASC published a report in 2019 done by Poseidon Aquatic Resources Management
Ltd in which the different causes, sources, and consequences of marine litter are tied to the
aquaculture industry are discussed (Huntington, 2019). Based on this report, marine health is
heavily impacted by plastic pollution, and among the major contributors is ghost fishing and the

discarded gear used in fishing and aquaculture activities under the form of abandoned, lost,
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discarded fishing gear (ALDFG). In the last decade, special attention has been dedicated to the
plastic debris related to the aquaculture sector to investigate its potential impact on marine litter
(Huntington, 2019). In another article published by the ASC on their official website, the
organization posits that there are two main sources directly linked to the aquaculture industry
accounting for more than 35 different plastic materials that end up as debris in the environment.
The first is the aquaculture gear used including but not limited to nets, pond liners, and buoys,
while the second is composed of other plastic tools and materials used for packaging of products
(ASC, 2019). These 35 different kinds of plastics can be very hazardous for marine life. Research
done by the ASC uncovered that the aquaculture plastic debris is negatively impacting the lives of
animals as diverse creatures can be entrapped by this debris, while others face the danger of

ingesting it, leading to humans consuming microplastics at the end of the cycle (ASC, 2019).

3.3 AQUACULTURE SYSTEMS AND GEAR
Huntington (2019) in his report for the ASC investigated the different types of plastics used

in the diverse aquaculture systems and found out that most of the equipment is composed of high-
density polyethylene (HDPE), polystyrene, and polymer. Among the many systems used in the
aquaculture industry, the most common ones are open water cages and pens, suspended ropes and
longlines, coastal and inland ponds, and finally tanks including recirculated aquaculture systems
(RAS) (Huntington, 2019). Having a detailed breakdown of the different types of plastics used in
gear manufacturing not only can facilitate assessing which of the equipment is recyclable, but also
can uncover what will happen to specific equipment in case it has been lost or discarded. In fact,
in the same report, the author showcased the main causes of pollution originating from aquaculture
activities and put these causes under three categories: mismanagement, deliberate discharge, and
extreme weather (Huntington, 2019).

The table (table 3-1) below was produced by the ASC, and it summarizes the different aquaculture
systems, breaking them down to specific equipment, along with what types of plastic are they
composed of (Huntington, 2019).
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System Key plastic components PM EPS FRP HD- LLD- LD- Nylon PE PET PP PVC UHM
MA PE PE PE w-PE
Open-water Floating collars (inc. handrails)
cages and v v
pens
Collar floatation
Buoys (in mooring systems)
v v v
Ropes (in mooring systems)
v v |V
Net enclosures
v v v v
Predator and other nets
v v v
Feeding systems
(pipes & hoppers) v v
Suspended Buoys (in mooring systems)
ropes v v v
/ longlines
Ropes
(in longlines & mooring systems) v v v | v
Raft floatation
v
Stock containment
(nets/meshes) v v v v
Coastal and Pond liners
inland ponds v v v
Sampling / harvest nets
v v v v
Plastic green / poly housing
v
Aerators / pumps
v v
Feeding systems (pipes, feeders
& trays) v v
Tanks (inc. Spawning, incubation & stock
recirculated |holding tanks v
aquacultu-
re systems Pipework (inc. connectors,
RAS) valves) v v
Office / laboratory fixtures &
fittings v v v v

Table 3-1:Aquaculture Systems and plastic composition (Huntington, 2019).
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3.4 SUSTAINABILITY, CIRCULAR ECONOMY, AND TRIPLE BOTTOM LINE
When thinking about the end goal of having a closed loop of used materials, the mind goes

directly into associating this with sustainability and circular economy. There is an abundance of
articles dedicated to defining these two terms, putting them into different contexts and frameworks.
Before reviewing the literature, it is salient to define those terms. Geissdoerfer et al. (2017)
published an article aiming at establishing the difference between circular economy and
sustainability using extensive reviewing of relevant literature. In this work, the authors first dive
into the historical origins of both terms, then proceed to extract and compare the different
definitions given to each notion.

Putting the spotlight on the importance of defining the terms, Johnson et al. (2007) posit
that there are roughly around 300 different definitions to the term ‘sustainability’. However, few
definitions are strongly agreed upon amongst scholars and researchers. Based on Geissdoerfer et
al. (2017), one of the most accepted definitions originated from the 1987 Brundtland report. In this
statement of responsibility produced by the World Commission on Environment and
Development, Gro Harlem Brundtland (1987) defined sustainability as the development that
provides for the needs of the current generations without compromising the ability of future
generations to meet their own needs. Other common definitions rotate around the same concepts.
For instance, McMichael et al. (2003) defined sustainability as the optimization of human lifestyle
and living conditions particularly through maintaining the supply of non-replaceable goods and
services, allowing continuous support of health, security, and well-being. Another common
definition was given by the International Organization for Standardization (ISO) stating that
sustainability is the situation in which all the functions of earth’s ecosystems are preserved while
human activity is conducted (ISO, 2007). Moreover, according to Geissdoerfer et al. (2017), the
concept of sustainability is also associated with the term triple bottom line, a concept first
conceived by John Elkington in his book “Cannibals with forks” back in 1997. In his work,
Elkington stated that the three pillars of sustainability are people, profit, and the planet, promoting
the importance of harmony that should exist among environmental, social, and economic
performances. Using all these accumulated definitions, Geissdoerfer et al. (2017) holistically
defined sustainability as a “balanced and systemic integration of intra and intergenerational

economic, social, and environmental performance” (p.759).
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After a good understanding of the notion of sustainability is established, it is crucial to
investigate the meaning of circular economy, a term also that has been given a multitude of
definitions in the past years. Like the term sustainability, the most commonly accepted definitions
of circular economy share the same meaning. Yuan et al. (2006), Geng and Doberstein (2008),
Bocken et al. (2016), and Webster et al. (2017) have all used concepts such as restorative economy,
regenerative business model, and closing the loop of materials to define the circular economy.
Geissdoerfer et al. (2017) used all the above to come up with the following definition: “[the circular
economy is] a regenerative system in which resource input and waste, emission, and energy
leakage are minimized by slowing, closing, and narrowing material and energy loops. This can be
achieved through long-lasting design, maintenance, repair, reuse, remanufacturing, refurbishing,
and recycling” (pp.759).

Now that both these notions are defined, it is salient to closely investigate the different
contextual frameworks where they are used in literature. Since this project is focusing on the field
of aquaculture, this brief review will only tackle some of the articles that use sustainability in the
context of fish farming and related activities. Different studies approached the concept of
sustainability in aquaculture from different angles. Starting with projects based on Norwegian data,
some studies focus on the sustainability standards and the certification requirements (Amundsen
et al., 2020), other projects explore how production is affected by the certification schemes
(Osmundsen et al., 2020). Larssen (2018) emphasize the development licenses connected to the
aquaculture industry in Norway, explaining the different aspects of having such licenses in helping
the industry to get into the sustainable path. Moving on to international projects that are very
relevant to the topic in hand, Tschirner and klaos from Germany (2017) introduced different
suggestions to increase the sustainability of the industry of fish farming. The main suggested
strategies include first changing the farmed species from carnivorous to omnivorous fishes,
allowing a reduced consumption of limited protein resources. And second, changing the fish diet
to insect meals instead of marine aquafeed. Tschirner and klaos from Germany (2017) argue that
following these strategies can yield a better future for the aquaculture industry. Ahmed et al. (2020)
took another route to assess the current state of sustainability in the aquaculture industry,
comparing it with organic agriculture. The authors argue that to promote sustainable practices in
fish farming, it is crucial to switch to organic aquaculture (Ahmed et al., 2020). While this project

accentuates the importance of organic aquaculture and its many advantages, it also sheds the light
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on some of its drawbacks, such as the much lower fish production capacity and thus failure to
accommaodate global fish demand and provide food security (Ahmed et al., 2020). Finally, Lazard
et al. (2014) worked on a global scale project to assess and compare aquaculture systems in
different countries, closely investigating different sustainability indicators.

3.5 ON MATERIAL FLOW ANALYSIS (MFA)
According to Brunner and Rechberger (2016), MFA is a tool that can be used to

systematically assess the state and changes in the stocks and flows of materials within a defined
set of space and time boundaries. Using this tool enables connecting all the pathways of a given
material from beginning to end. The flows of wastes with their sources become visible and easily
identifiable through balancing inputs and outputs of the materials. The overall objective is to
recognize whether there is an accumulation or diminution of material stocks so that measures can
be taken to restore balance. All these characteristics make MFA an attractive decision-support tool
that can be used in waste and environmental management, resource management, and other fields
related to policy assessment (Brunner & Rechberger, 2016).

In their technical handbook, Brunner and Rechberger (2016) also explain in detail the
process of MFA and the different steps composing it. The first one consists of defining the problem
and objectives and selecting materials or substances along with the appropriate boundaries. This
step is the essence of system definition and leads to a qualitative model. In the next step,
measurements, estimations, or literature data are used to determine mass flows and material
concentrations. These stocks and flows should be then balanced using the mass conservation
principle, and uncertainties are considered. This second step produces a quantitative model
generated usually by an MFA software that facilitates calculations and properly presents results to
help in the implementation decisions. It is salient to remember that these procedures and steps
should not be strictly followed as described, but they should be optimized and continuously
adjusted to adapt to the specific objectives of the project at hand (Brunner & Rechberger, 2016).

Another study by Brunner and Allesch (2015) focuses on showcasing the benefits of
utilizing MFA in the fields of waste management. In their project, the researchers try to identify
the areas where MFA methods are most successful in being a support tool for the decision-making

process in waste management. The use of MFA has become more and more mainstream in other
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fields as well, such as medicine and urban metabolism. And this growing reliance is attributed to
the fact that MFA can serve to accomplish high recycling rates and diminish the loss of potential

secondary raw materials (Brunner & Allesch, 2015).

3.5.1 Marine Litter and Material flow analysis
When searching for relevant literature connected to the MFA of plastic ocean waste that is

originating from aquaculture activities in Norway, there is a noticeable gap, especially when it
comes to specific geographic areas. But before targeting the different takes on the topic and the
suggested solutions, it is essential to have a look at the problem itself, which in this case is ocean
pollution resulting from aquaculture activities. In a study focusing on the North Atlantic Ocean
and its ecosystem services, results extracted from experts' responses reveal that temperature
change, pollution, ocean acidification, and fisheries are all threats to deep-sea ecosystem services
(Armstrong et al., 2019). Another research project focusing on tuna fishing carried out by Garcia
Rellan and other researchers confirms that one of the main sources of marine pollution is nets and
litter related to fisheries activities, among other sources such as gaseous emissions and oils dumped
in the oceans (Garcia Rellan et al., 2018).

Following the same line, Allesch and Brunner investigated the Western and Central Pacific
Ocean by gathering data from fishing vessels operating there. The results of their project revealed
that more than 10 000 incidents related to pollution have been reported. Most of these incidents
are linked to dumped, lost, or abandoned fishing gear (Allesch & Brunner, 2015). This work relates
to the recent contributions of Deshpande who investigated the flows and stocks of plastic waste
originating from fishing activities in Norway using material flow analysis. Although Deshpande’s
work is focusing solely on fisheries and not the aquaculture industry, it is very relevant to the
current research project as it provides a framework to follow, one that can be used in the
aquaculture context. According to Deshpande et al. (2020), the lack of exact and scientific data
estimating the contribution of abandoned, lost, and discarded gear to the plastic pollution in oceans
impacts the quality of management of resources worldwide. The same study confirms that the use
of MFA shows great potential in being a support tool guiding the introduction of new methods for
sustainable management of resources, allowing companies to adopt innovative strategies to help

diminish marine pollution of oceans (Deshpande et al., 2020).
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3.5.2 Some of the previous studies that used MFA
Many research projects have been using material flow analysis (MFA) as a tool to quantify

different materials and substances, resulting in producing numbers that will bring a better
understanding of the situation and allow for better mitigation of a multitude of problems. MFA is
used in most scientific fields and a combination of contexts. For instance, Duygan and Meylan
(2015) from Switzerland combined MFA with structural analysis to assess the material flow
originating from laptops and smartphones contributing to the waste electrical electronic equipment
(WEEE). The results of this project resulted in suggesting strategies and policies that will help in
managing the WEEE. Another research project from South Africa utilized MFA in the field of
industrial ecology, where the researchers Hoekman and Blottnitz (2017) investigated Cape Town
city’s metabolism using an economy-wide MFA assessing several indicators such as direct
material input (DMI), domestic material consumption (DMC), and direct material output (DMO).
In the same context of industrial ecology, Hodson et al. (2012) attempted to combine MFA with
transition analysis (TA) to connect resource flows through cities and urban infrastructures. This
work focused on the important role infrastructure design and operation play in shaping the life
cycle of city resources. Among other fields where MFA has been used, an interesting study
investigated the industry of natural rubber (NR) in Sri Lanka applying MFA jointly with material
flow cost accounting (MFCA) and life cycle assessment (LCA). This project aims to study the

feasibility of a sustainable manufacturing system of crepe rubber (Dunuwila et al., 2018).

MFA had also been used in the field of aquaculture, tackling different problems. However,
most of these studies focus on the wastewater and aquafeed alternatives, while very few -if none-
use MFA in the context of plastic pollution from the aquaculture gear. A very recent study applies
the concept of MFA to investigate recycling wastewater and sediments from catfish farming ponds
and reuse them in agriculture as organic fertilizers for crops (Van Tung et al., 2021). Another study
by Philis et al., (2018) compared different protein sources for aquafeed production. The authors
used MFA to track transfers of energy and phosphorus of both Brazilian soy protein and
Norwegian seaweed protein. In the same direction, Vestrum et al., (2013) tracked the phosphorus
flows in the fisheries and aquaculture industries using MFA generated from fish consumption and
waste management. Many other relevant projects exist, however, as mentioned before, it is very
rare to find literature that used focuses on plastic flows of aquaculture gear using the concepts of
MFA.
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3.6 EXTENDED PRODUCERS’ RESPONSIBILITY (EPR)
Extended producer responsibility (EPR) is a concept that emerged in the early 1990s in

Germany and Sweden, intending to internalize the costs of waste management into the product
prices, creating incentives to move to more eco-friendly packaging designs (Lifset et al., 2013).
This concept of course as any other has been given many definitions. According to Lifset et al.
(2013), the most accepted definitions focus on the responsibility shift of products and materials’
end of life from the government to the producers. The Organization for Economic Co-operation
and Development (OECD 2001) defined this concept as an environmental policy that extends the
producer’s responsibility for a product to the post-consumer stage. This policy approach has two
main features: first, it shifts the responsibility from municipalities directly to producers, and
second, it creates incentives for the producers to incorporate eco-friendly designs into their

products.

The concept of EPR has been used as the central topic of many interesting research projects,
yielding a plethora of relevant literature. Starting with international projects, Lifset et al. (2013)
discussed the importance of EPR policy, investigating its practical perspectives in both the national
and international contexts. This project also tackled the effects of EPR on the recycling of different
types of wastes, including packaging waste, electronic waste, hazardous waste, and household
waste. In the United States, Gardner (2013) worked on a research project for the company
NESTLE Waters North America, investigating the effect of EPR on the increasing rates of
recycling packaging and printed paper (PPP). He also discussed the role of consumers and local
governments in the success of implementing the EPR policy. Other studies focus on identifying
the concrete benefits of EPR implementation, portraying in detail the financial advantages to be
gained. One very important study by Rodrigues et al. (2016) developed an input-output (I0) model

with which they captured the opportunity costs of financing an EPR system.

Switching the focus to Norway, several academic and scientific projects have worked on the
EPR policy. Rgine and Lee (2006) worked on a research project aiming to investigate whether
EPR implementation in Norway influenced technological change and innovation (TCI). The
authors used a comparative study between the electric and plastic packaging sectors, allowing them
to discover that there was indeed a correlation between EPR and TCI, however, the causality was
found to be weak (Rgine & Lee, 2006). There is the fact an easy to discern the pattern in most

studies EPR in Norway, in that the main focus is on the plastic packaging and electric industries.
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One of the earliest studies by Rgine et al. (1998) investigated the potential economic efficiency
and environmental effectiveness in the sector of plastic packaging in Norway resulting from EPR
implementation. Another work by Rgine collaborating with Chin-Yu Lee aimed at analyzing the
empirical data to demonstrate how EPR stimulates innovation change. The paper focused on the
electric and electronic industry in Norway, selecting three of the major companies in this sector as
a case study (Lee et al., 2004).
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4 METHODOLOGY

This chapter will describe in detail the methods used to answer the research questions. This

chapter includes research scope and context, methodology, how data was collected and analyzed.

4.1 RESEARCH SCOPE AND CONTEXT
This study is mostly based on the work done by Deshpande et al. (2020). His work guides

the material flow analysis (MFA), as he previously provided a holistic approach and targeted all
of Norway as his subject. This study aims at conducting the same MFA but with a focus on the
region of Mere and Romsdal, especially the production area ‘Stadt to Hustadvika’. The choice of
this specific region was based on information provided from the website BarentsWatch.no. Based
on the official government website Regjeringen.no (2017), Norway has introduced a new traffic
light system that splits the country into 13 fishing production areas. This new system was
introduced on 15 October 2017, with the purpose to adjust production capacities in salmon and
trout farming. The decision to offer an increase or decrease in production capacity for aquaculture
facilities is based on their impact on the environment, which is assessed throughout the 13
production areas established along the Norwegian coast. Based on yearly assessments carried out
by professionals, the capacity can be adjusted by 6%, increases if green, decreases if red, and
remains the same if yellow. Therefore, the colors green, yellow and red are symbols for whether a
production area can have an increase in production capacity or not. The figure below portrays a

map of the 13 production areas (Figure 4-1).
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Figure 4-1: The 13 Production Areas along Norway's coast (Regjeringen,2017).
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12. West Finnmark
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As mentioned above, the focus area of this research is Stadt to Hustadvika production area.
According to BarentsWatch.no, there are 86 aquaculture sites in the Stadt til Hustadvika
production area. However, 60 sites are fallow (inactive), and the rest 26 are operating and get
licensed by 13 aquaculture companies. (Data extracted from BarentsWatch.no on week 4, from
25" to 31% January)

The primary motive was to conduct the surveys and interviews with the 13 focal aquaculture
companies and their suppliers that supply aquaculture gear, and the waste management partners
who play an important role in the transportation and processing of the waste. The input from these
parties is considered crucial for this project. However, due to time constraints and the reluctance
of companies to co-operate in this project and lack of publicly available transparent data delayed
the process, therefore researchers did not get the opportunity to have two-way communication with

all 52 companies that were contacted primarily.

4.2 METHODS:
To achieve this project’s objectives, a combination of different methods is applied,

including reviewing some of the available literature about this topic, analysing current legislations
and regulations, and finally conducting semi-structured interviews and online surveys.

To perform Material flow analysis, quantitative methods are used for calculating the plastic
stocks and flows. The main source of information is the primary data collected from electronic
surveys sent to the sample.

After that, and to obtain a more personalized view from the selected companies and region,
qualitative methods under the form of interviews with key stakeholders is conducted, allowing for
a deeper understanding of the diverse plastic waste management strategies set by the aquaculture
companies and the flow of plastic material supply, as well as revealing any innovative ideas to

improve the current situation of ocean health.

4.3 DATA COLLECTION:
Both qualitative and quantitative methods are used to collect data to answer research

questions after receiving the NSD (Norsk Senter for forskningsDataapproval). Data collection took
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place from February to May 2021. Different channels have been used to communicate with
companies, the initial contact however was through email and LinkedIn messages. A total of 52
entities have been contacted to contribute to the research project. 33 of these are aquaculture
companies with active and fallow sites in the region of Mare and Romsdal, specializing mostly in
fish farming, but one company specializes in seaweed aquaculture. The remaining entities are
composed of 6 gear suppliers and manufacturers, 11 waste management facilities of which one is
a landfilling site, and one a recycling company. One research company was also contacted and
interviewed, plus the state manager of municipalities (Statsforvalter). Initially, the focus was only
on the 13 companies that have active sea-based farms, however all other companies in the targeted
region and production area of focus have been contacted, even if they have fallow sites. This
decision was taken to compensate for the small size of the sample. Different persons with different
roles and functions in their respective companies have accepted to be interviewed. Positions within
the supply chain or logistics departments were targeted to get the knowledge and opinions from
specialists. The functions of the persons interviewed ranged from supply chain managers, service
managers, procurement and logistics managers, to chief sustainability officers and site managers.

Based on the availability of representatives from companies willing to participate, semi-
structured interviews were conducted with the aquaculture companies and other relevant entities
for qualitative analysis. All meetings were online due to the current pandemic restrictions,
therefore a reliable video telephony platform called Zoom was used for all interviews. This has
allowed to save resources, making the process cheaper and more efficient. The researchers
conducted a pilot interview with a Ph.D. candidate from NTNU, who has relevant experience in
this field, to see the effectiveness of the structure. Eventually, an interview was conducted with a
waste management company that provided lots of relevant information which helped to dig deeper
and later connected with aquaculture companies that have licenses for fish farming in the area.
Furthermore, interviews were conducted with one research firm and with the biggest supplier of
aquaculture gear in the region. Other than supplying, this specific company specializes in diverse
areas connected to the aquaculture industry, including manufacturing, servicing, repairing,
recertifying gear for reuse, and handling waste.

All interviews were conducted through Zoom and were recorded for analysis purposes.
Transcription of the interviews was done manually by the investigators, allowing for more detailed

extraction of relevant information. During some of the interviews, the interviewees showed some
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data that was sensitive, therefore a quick summary of what has been shared was noted in separate
documents. In other instances, the interviewees shared internal documents that helped retrieve
more relevant data. Due to the Corona virus, it was very difficult to arrange site visits.

For quantitative analysis purposes, an online software called SurveyMonkey was used as a
primary tool to collect data related to the lifecycle of gear used in the aquaculture industry, the
amount of gear lost, and how much plastic is used to produce these tools, fate of the used gear
from the focal companies and their suppliers and waste management companies. A combination
of primary sources in the surveys and semi-structured interviews, with secondary sources in
published literature and government statistics, was used to collect relevant data. Survey

questionnaires and interview questions will be available in the appendices.
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5 DATA ANALYSIS:

This chapter is dedicated to describing the methods used for this study. Both quantitative

and qualitative processes are described below in detail.

5.1 QUANTITATIVE ANALYSIS
After receiving the responses from the sent out electronic surveys, STAN v2.6 was used as

a tool for data reconciliation and to create the MFA model (Vienna University of Technology,
Vienna, Austria). The results from the surveys along with the interpretation of the final MFA

model are presented in chapter 6 (Results).

5.1.1 System description
In this project, aquaculture gear (AGs) are defined as any kind of equipment used in the

diverse fish farming activities. Throughout this project, there is an exclusive focus on the plastic
components of the gear used, especially on 4 types: polyethylene (PE), polypropylene (PP), High-
Density Polyethylene (HDPE), and Nylon. These plastics are the main materials used to build
aquaculture gear as portrayed in chapter 3 (table 3-1). The figure below (figure 5-1) shows the
lifecycle processes of the AGs used by aquaculture companies in the region of Mgre and Romsdal.
In this project, we focus on one aquaculture system used for sea-based fish farming, including 5

major pieces of equipment: floating collars/rings, bottom rings, nets, ropes, and buoys.
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Figure 5-1: Life cycle processes of AGs in fish farming

Based on the interviews and the surveys, losing parts of the gear used in fish farming was
reported to never occur, suggesting that very rare incidents related to losing gear happen in this
region. This also indicates that the only kind of plastics that end up in the oceans are microplastics
as a result of the wear and tear happening to the plastic structures while deployed in the ocean,
especially considering the long period of contact of these surfaces with the sea water. Survey
responses from the aquaculture companies showed also that the equipment does not get changed
that frequently, as most parts are purchased once every 10 years, except for nets that get changed
every 4 to 5 year and the feeding systems including pipes every 20 years, suggesting a long
lifecycle of the plastics used in this industry. However, some parts of the structures get sent to
suppliers and manufacturers to be repaired and serviced, allowing them to be recertified for reuse,
extending the overall lifecycle of the used gear. Survey responses show that 5 to 20% of each gear
being used gets repaired annually, except for the stock containment nets which are repaired in their
entirety after each stocking and when holes are detected.

At the end of their lifecycle. The AGs that cannot be reused get sent to the waste
management of choice of the aquaculture company. Waste from the repairs generated from the
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suppliers and manufacturers also is sent to the waste management facilities they have agreements
with. Some of the waste that is lost in the ocean is gathered by associations during ocean clean-
ups and eventually ends up with the waste management companies, which have the responsibility
to segregate the waste received and send it to 3 main destinations: landfill, recycling, or

incineration for energy recovery.

5.1.2 Calculations of plastic masses in aquaculture gear for the MFA model
To be able to use the data received from different sources, some assumptions had to be

made. It is assumed that all the equipment below is made purely of plastic (PE, PP, HDPE, Nylon).
The information below is cultivated from a combination of sources, including manufacturers’
product catalogs, the Norwegian Directorate of Fisheries, one of Sintef’s research projects by
Hognes and Skaar (2017), plus surveys, interviews, and email communications, and this data is
used to form these assumptions. Note that some equipment weights and dimensions could not be
identified, those items are therefore not included in the calculations for MFA. It is also assumed
that all ropes used for mooring systems are the same. From suppliers of the rope, the most used
item in fish farming is a Polyethylene/Polypropylene rope with an average length of 1100 meters,
weighing 6.5 kg/220meter (Selstad, 2019). For the buoys, a search has been made to identify the
model that is most used in aquaculture in mooring systems, as there are different variants.
Dimensions were taken from one of the suppliers’ products catalog.
e For floating collars/ rings: Average circumference of the rings 135 m. With a 500 mm
pipe, the weight becomes including a walkway of 19 710 kg (Hognes & Skaar, 2017).
e Bottom rings: All rings have a bottom ring of 2856 kg plastic and 4900 kg metal wire
(Hognes & Skaar, 2017).
e Nets: All rings have 3 nets, one net weighs 2,156 kg (Hognes & Skaar, 2017).
e Feeding systems: 18 feed-spreaders (usually metal) each weighs 35 kg (Hognes &
Skaar, 2017)
e Buoys: 16, the average weight of each is 590 kg (Selstad, 2019).
e Ropes in mooring systems: 120 lines, each line weighs 32.5kg (Selstad, 2019).
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Since these numbers were given by the one company that answered the survey, and this company
has 4 active sites in the region, we assume that other active sites have the same setup of fish
farming gear, amounting to the same numbers of different items. The logic used for this
assumption is the fish production capacities in the active sites. The production capacities are
compared to assume how much of the same gear is used. This of course is just an effort to
compensate for the lack of actual data that could not be retrieved. The table below summarizes

the equations used for the calculations.
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5.1.2.1 Gear lost in the ocean
A new study done by the Norwegian Institute for Water Research (NIVA) found that the

only data available from close investigation of Norwegian fish farms is on fishing tubes, ranging
from 0.1 to 100 tons of discharge per site in the ocean (Lusher & Pettersen, 2021). With 26 active
sites being identified in the region of focus, the minimum value is 2.6 tons and a maximal value
of 2600 tons. The minimal value is used for MFA calculations. In addition to that, ocean cleanup
efforts have been taken into consideration. Data from one facility specializing in this domain was
used to estimate the amount of gear lost and collected in the year 2020. Note that the only available
data was on ropes, suggesting that the estimation could be larger.

5.1.2.2 Waste gear sent to waste management companies
Data were extracted from 2 different companies handling waste differently. One of them

specializes in transporting waste received to be recycled in facilities outside of Norway, while the
other recycles the waste inside Norway. A sum of values received from both companies is used to
determine waste gear received from aquaculture companies, and amounts of plastics that are
recycled, incinerated, or landfilled. Since the numbers received from these two companies are from
all of Norway, data from the Directorate of Fisheries has been used to calculate the total number
of aquaculture companies in Norway (112), and subsequently the total in the region of Mare and
Romsdal (17). Note that the newest data available is from 2019, and it is assumed that all
aquaculture companies send equal amounts of gear waste to these two waste management

companies.

5.1.2.3 Gear to be repaired/ Gear to be reused after repair
Data was extracted from survey responses and email communications with one of the

biggest suppliers of aquaculture gear in the region. The data received however was not restricted
to Mgre and Romsdal only, so the same method is used in assuming all companies in this area send

equal amounts of equipment to be serviced.

5.1.2.4 Gear purchased
The mass of plastic (MoP) from gear purchased is calculated by using the frequency of

buying new equipment every year. This information was obtained from survey responses.
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5.2 QUALITATIVE ANALYSIS
The researchers have communicated through LinkedIn and email with a total of 52

companies related to the Aquaculture business including fish farming both land-based and sea-
based farms, and their suppliers, waste management companies. 9 different companies have
accepted to participate, therefore a total of 11 semi-structured interviews were conducted: 9 with
the company representatives and 2 with different participants from the department of biology at
NTNU. The following table would give an idea of what type of company helped researchers to

produce this report.

Type of Company Number of companies | Position of interviewee

Sea-based  fish  farming | 2 Middle manager and top
company management

Land-based fish  farming | 1 Middle Manager

company

Seaweed company Site Manager

Waste management company Top management

Landfilling site Top Management

Recycling company Top management

I I N

Supplier Middle Manager

As for the interviews, after the first round is carried out, researchers transcribed the whole
conversation into text and deleted the parts that were not necessary then summarized the
conversations. From the summary, researchers grouped the information and gave a title for each
group, and explained it coherently. As there were not many subjects in the interviews, there was

no need to use any software for qualitative data analysis.
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6 RESULTS

6.1 MFA RESULTS
Using the survey results and BarentsWatch.no, the company that answered has 3 sites with

a production capacity of 2340 tons and one with 3120 tons. We use this as a reference to determine
the amount of gear in use for other sites based on their production capacities.
1560 — 3120 — 2340 — 4680 — 3120 — 3120 — 5460 — 5460 — 3120 — 3120 — 3120 — 780 — 4680 —
3900 — 4680 — 1560 — 3900 — 3120 — 5460 — 5460 — 2300 — 3120 — 5460 — 5460 — 2340 — 1560
The numbers above represent the different production capacities of the 26 active sites this study
focuses on. Because there is no data about the exact combination of gear used relevant to the
production capacity, the following assumptions must be made:
e Sites with 3120 tons of capacity use: 6 floating rings (FR) [every ring has one bottom
ring (BM) and 3 nets (N) each], 6 feed-spreaders [metal], 4 buoys (B) and 30 lines of
ropes in mooring systems (R):
(6*FR + 6*BM + 6*3*N + 4*B + 30*R) * 8 sites = (118260+17136+38808+2360+975) *8 =
1420312 KG
e Sites with 2340 tons of capacity use: 4 floating rings, 4 feed-spreaders (metal), 4 buoys and
30 lines of ropes in mooring systems:
(4*FR + 4*BM + 4*3*N + 4*B + 30*R) * 3 sites = (78840+11424+25872+2360+975) *3 =
358413 KG
e Sites with 4680 tons of capacity (33% more than 3120) use: 8 floating rings, 8 feed-
spreaders (metal), 6 buoys and 40 lines of ropes in mooring systems:
(8*FR + 8*BM + 8*3*N + 6*B + 40*R) * 3 sites = (157680+17248+51744+3540+1300) *3=
694536 KG
e Sites with 1560 tons of capacity (50% less than 3120) use: 3 floating rings, 3 feed-spreaders
(metal), 2 buoys and 20 lines of ropes in mooring systems:
(3*FR + 3*BM + 3*3*N + 2*B + 20*R) * 3 sites = (59130+8568+19404+1180+650) *3=
266796 KG
e Sites with 5460 tons of capacity (75% more than 3120) use: 10 floating rings, 10 feed-

spreaders (metal), 8 buoys, and 60 lines of ropes in mooring systems:
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(10*FR + 10*BM + 10*3*N + 8*B + 60*R) * 6 sites = (197100+28560+64680+4720+1950)
*6= 1782060 KG
e The one site with 780 tons of capacity (75% less than 3120) uses 2 floating rings, 2 feed-
spreaders, 2 buoys, and 10 lines of ropes in mooring systems:
(2*FR + 2*BM + 2*3*N + 2*B + 10*R) * 1 site = 39420+5712+12936+1180+325 = 59573
KG
e Sites with 3900 tons of capacity (25% more than 3120) use: 8 floating rings, 8 feed-
spreaders, 6 buoys, and 40 lines of ropes in mooring systems:
(8*FR + 8*BM + 8*3*N + 6*B + 40*R) * 2 sites = (157680+17248+51744+3540+1300)*2 =
231512 KG
With these assumptions, we can calculate the mass of plastic (MoP) in gear used/owned in the
region of Mgre and Romsdal in the selected production area. TOTAL= 4813202 kg
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Figure 6-1: MFA model of 5 types of AGs used in the region of Mgre and Romsdal.

The figure above (figure 6-1) portrays the final MFA model of plastics in 5 types of AGs
used annually in fish farming in the region of Mgre and Romsdal. All phases from purchase to the
end of life are considered in the calculations of flows and stocks.
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6.1.1 Pre-use phase (Purchase phase)
From the survey responses, the total MoP owned by aquaculture companies in the region

in 2020 is estimated to be 4813 * 7 tons. After considering different assumptions, an estimation of
624 + 48 tons MoP in AGs was purchased by fish farmers in 2020.

6.1.2 Use phase

6.1.2.1 Repairing/servicing the gear
Results from the survey with aquaculture companies revealed repair patterns of the

equipment used in sea-based sites. These results indicate that only a small percentage of the gear
is repaired, and not all gear types are serviced. Based on survey results, 20% of the floating collars,
10% of the pipes in feeding systems, and 5% of the buoys in mooring systems are the fractions of
gear that get repaired every year. The most frequent item to be serviced is the nets, as they get sent
to be repaired after each stocking or when holes are detected.

From the survey with suppliers/manufacturers responsible for gear servicing, 90% of the
gear received from aquaculture companies to be serviced is resent to be reused, sending the
remaining 10% to waste management companies. Note that this data was only about servicing of
nets, excluding all other types of gear. In 2020, it is estimated that 80 + 25 tons of MoP were sent

to suppliers/manufacturers for major repairs.

6.1.2.2 Gear lost in the ocean
Survey results indicated that incidents of losing AGs in the ocean are very unlikely. The

only source of data available on the matter of lost gear from fish farming is brought to light by
Lusher and Pettersen in their project with NIVA, where they focus on quantifying the mass of
microplastic discharge generated from fish farming activities. Based on this report, the wear and
tear of the big plastic structures used in aquaculture is the main contributor to the secondary
emission of microplastics in the ocean (Lusher & Pettersen, 2021). The same researchers confirm
that there is a noticeable lack of information about the amounts and weights of microplastics
released to the ocean generated by the aquaculture industry. The main reason behind this is the
variety of plastic polymers used in fish farming across the different facilities. Furthermore, some
of these plastic polymers are not exclusively used in aquaculture, but in other industries as well,

rendering the task of tracing the origin even more difficult (Lusher & Pettersen, 2021).
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Additional information from ocean cleanup operations has been used to include other types
of gear other than feeding tubes. Data from operations in the region of Mgre and Romsdal revealed
the number and weights of ropes collected. Using a combination of these two sources, the MoP in
gear lost in the ocean is estimated to be 130 = 5 tons in 2020, 128 £ 5 tons is retrieved from ocean
cleanup operations, leaving approximately 2 tons as microplastics that stay in the ocean

indefinitely.

6.1.3 End of life phase (Handling of AGs by waste management companies)
All the gear that cannot be repaired or sent to be recertified for reuse is sent by aquaculture

companies to the closest waste management facility or to the one they have an agreement with.
AGs are also sent by suppliers/manufacturers after repairs have been made. Data from 3 different
waste management companies revealed that 52% of the waste is sent to be recycled, 14% is
landfilled, and 34% is incinerated. It is important to note that of the 3 companies that responded,
2 of them specialize in recycling waste from aquaculture companies. However, they each have
their unique ways for recycling the plastic; one of them segregates, sorts, then transport it outside
of Norway to branches operating mainly in western Europe. The other waste management
company is unique in the sense that all its recycling processes are carried out in Norway, producing

granulates from the plastic in AGs received.

6.2 INTERVIEWS RESULT
In this sub-chapter the results from the semi-structured interviews are presented. This chapter

is divided into 9 sections explaining the types of aquaculture firms that were considered in the
study, the regulations impacting the companies, the struggle that companies are facing in handling

plastic waste, and the current and future strategies.

6.2.1 Different types of aquaculture farms
The interviewers have communicated with the following 3 types of focal companies- Sea-

based fish farming company, Land-based fish farming company, and Seaweed company hence it
is important to have a clear definition of what kind of infrastructure a certain company has and the

involvement of plastic material.

The basic difference between sea-based and land-based farms is, sea-based sites rely on
cages and nets, whereas land-based sites use tanks. Sea sites have a capacity for 200 000 fish,

which is way larger than the 2500 that the tanks can take. The main equipment used in land-based
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are tanks, which are made of glass fiber. Apart from that, there are some other technical types of
equipment also used in the land-based farms such as water pumps, oxygen systems, fish sludge
treatment, and so on. In land-based, most plastic waste is generated from food bags and pipes for
pumping water. However, the pipes are not frequently changed, but cleaned, and frequently reused.
On the other hand, in sea-based farms, interviewees believe that most plastic waste is generated

from feeding pipes and nets.

When it comes to seaweed farming, the infrastructure/ frame is made from plastic ropes
deployed at sea and removed once seaweed grows. The company interviewed being a young
venture, is very keen on the cradle-to-cradle principle. The CEO of the company said: “the
principle of our seaweed firm is cradle-to-cradle, meaning there is no waste, everything is a
resource”. However, there are always challenges in dealing with the different players in the

industry.

6.2.2 Lack of publicly available data
There is no exact information of how much plastic waste the aquaculture industry is

producing and what is the fate of this waste. To do a Material Flow analysis, the interviewers asked
companies to share the Annual waste statement. However, the interviewers got almost the same
answer from all companies and that is - “annual waste statement is not publicly available and
strictly internal”. Companies received a monthly/yearly waste statement from suppliers and waste
management companies which contain detailed information about how much waste a certain
company generates and what portion goes to recycling, landfilling and incineration. However,
some of them mentioned that “the data is not compiled enough to share with outsiders”. The
positive news is that most of the companies have a plan to share their annual waste statement

publicly in the upcoming year, the thing that might be helpful for future researchers.

Specialists from waste management sectors mentioned that there are no bindings about
registering waste data publicly for private sectors hence companies do not have to register the
amounts of waste it generates publicly. This is the reason that there are almost no statistics
available publicly on how much waste a company generates and what portion goes to which

destination.

The interviewers asked the aquaculture companies whether they are aware of the quantities

of gear lost or disappeared in the ocean. The response of the companies’ representatives varied
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from stating that there was no official documentation for that, to claiming that there were no

records of incidents related to losing gear in the ocean.

6.2.3 Collaboration between waste management and aquaculture companies
All the companies interviewed mentioned that they have local/national agreements with

waste management companies (WMCSs) that are responsible for handling waste. Most aquaculture
companies have their waste treatment plants where they clean and sort the waste before it goes to
WMCs. Sorting and cleaning are the responsibilities of the aquaculture companies, and they need
to pay a certain fee to the WMCs to handle it further. That payment depends on how clean and

sorted the wastes are.

When the interviewers asked WMCs to share their experience with equipment that is lost
or discarded in the ocean, representatives mentioned that they have some collaborations with
entities that collect discarded gear or equipment from the ocean and beach, but the findings from
this source claim that most of the waste collected from coasts and beaches are from fishing
activities, not aquaculture. The types of waste that come from farming and goes into the ocean are
ropes, however, the interviews could not yield any concrete statistics about the quantities.
Aguaculture companies mentioned that they continuously make sure when cutting or changing the
ropes, they gather and throw them into a container, and then send them to the WMCs.
Representatives interviewed from the aquaculture industry also mentioned that they are very aware
of both environmental effects and their reputation. They do not want ropes or any other piece of

equipment to lay on the beach or anywhere along the coast.

6.2.4 Regulations

6.2.4.1 Impact of Certification
When it comes to changing gear, the Government introduced some standards/rules such as

NS9415/NS9416 to keep the ocean and human life safe. Following these rules, the company needs
to check the gear after a certain period and make sure that it serves the purpose. For example, if
nets are not well conditioned, fish escaping can happen which is not good for ocean health. There
are some certification authorities that are operating in this regard and explain the different
conditions that the gear should have. Interviews conducted revealed that suppliers of gear are one
of the important cogs in the certification process, as they are the ones responsible for servicing and

repairing parts of the AGs used, and they are the ones recertifying.
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An interview with the service manager at a gear supplier firm helped in understanding the
process of certification of AGs. The interviewee explained: “The two main components of the nets
are the ropes and the mesh. The nets for example are usually serviced approximately 5 times in
their lifetime. All new nets are certified for 24 months, and old nets get a minimum of 5 months to
be reused. If the old nets do not get certification for 5 months, then it needs to be thrown away or
will go for incineration for energy recovery”. The same interviewee claimed that from his own
experience in the field, there are companies that throw some of the nets that can still be recertified.
But in other cases the nets cannot be reused because the material (nylon) shrinks down and the
nets must have a specific size in order to be cleared for reuse. There is another reason why nets
become obsolete, which is different net sizes are used for different sizes of fishes so if the fish size

changes then the farm needs to buy/replace a new one.

6.2.4.2 The concern of waste Management companies
Some waste management companies have shown concern as previously they were being

able to send waste without special permission, but 2020 legislation changed the circumstance
hence the challenge is handling to exporting waste properly as fish farming waste is hazardous.

6.2.4.3 Abandoned sites
While doing this research, the interviewers have come across lots of fallow sites in the

region, so naturally the following question comes to mind: what happens to the farming structures
in this period of inactivity? To answer that question one of the interviewees mentioned that there
is a new regulation that dictates those new farms should give a deposit at the start which will be
used to remove the infrastructures if the company goes bankrupt. According to the CEO of the
seaweed company interviewed: “a couple of decades back, there was a big boom in blue mussel
farms and a lot of companies went bankrupt, so they did not have money to remove their farms.

So, these blue mussel farms remained in the water and caused a lot of problems”.

6.2.5 Challenges of recycling

6.2.5.1 The recycled product is expensive
“It is expensive to buy recycled products, so it needs to make economical sense”, this is

what one of the facility managers said when asked about buying AGs constructed from recycled
plastics. When the interviewer asked what is exactly expensive, the facility manager answered: “It
is the technology used to recycle”. As a result, equipment produced using recycled plastic are way

more expensive than its counterpart originating from virgin material.

44 of 79



6.2.5.2 Doubt about quality
The aquaculture companies interviewed mentioned that gear at this moment coming into

the market are sourced from virgin materials and they don’t have any clear idea whether it would
be viable or safer to get equipment from recycled materials. They think if they cannot maintain
quality, it will be even more expensive to use. “It is always a cost question.” When the interviewer
asked whether they used gear form recycled material yet or not. One of the experts in the industry
shared his insights explaining that switching to recycled plastics in the industry will need at least
5 more years. One of the company representatives makes it clear in the conversation that when it
comes to recycling it does not mean that product needs to go back to its form rather than waste

generating from the fishing industry can go to the textile industry or other industries.

6.2.5.3 Sorting and Segregating
Before recycling it is important to separate the waste properly, for instance, Nylon and

Propylene can be recycled however they cannot be sent altogether. It needs to be separated and
made homogeneous before sending to the waste treatment facilities. Ropes also can be recycled if
they are not costed with copper. Most ropes used in fish farming are copper coated except for the
long rope anchoring the platform which is not copper coated and can be recycled. So copper-coated
ropes need to go to incineration as the copper coating is considered a hazardous material hence not
allowed to be landfilled, not permitted even in Lithuania and some eastern European countries
where generally waste management companies transport waste. Apart from ropes, feeding tubes
and pipes are hard plastic that can be recycled. For aquaculture, equipment such as floating collars,
bottom rings, feed hose are all recyclable if they are not mixed during collection and designed
appropriately (Mepex, 2018). But often it consists of different types of plastic melted together. If
producers use a different type of plastic continuously, on one hand, it gets hard to recycle as
recycling companies need to disseminate and separate it which is costly, and the on the other hand

quality decreases drastically.

6.2.5.4 Lack of recycling facilities in Norway
There are not many recycling facilities in Norway. Usually, waste management companies

send plastic waste to Germany and Sweden for treatment. In the past, Germany used to send poor-
quality plastic to China. However, due to the ban on sending poor quality waste to China, Germany
needed to take care of the poor quality of plastics too. Representatives from WMCs also mentioned
that they have an agreement with a transportation companies so if they want to transport the
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plastics, they just give it to them and they transport it as they have collaboration with many
companies in Europe where they can send the plastic. The bright side is that some small companies
in Norway are trying to initiate some projects to recycle plastic waste. One of the interviewees
expresses her relief and happiness that companies like NOPREC are taking initiatives, as earlier
the only alternatives are either to send them to a landfill or export outside of the country. The latter
is always a challenge because it cannot be properly documented and therefore it would be

impossible to know exactly where that portion of waste is going to end up.

6.2.5.5 Lack of market for recycled plastics
One of the companies interviewed specializes in recycling waste from aquaculture gear to

produce granulate said: “There is a lack of market for recycled plastic in Norway. So far, the
quantity of granules produced exceeds the demand of the market”. They also mentioned, trying to
compete in the European market is difficult due to pricing. If the market were bigger and the
demand were higher, the prices for processing and collecting plastics could be adjusted so that it
could be easier and more beneficial for the customers. However, the interviewer got a contradictory
message from the suppliers' side mentioning that “Availability is the main challenge for using

recycled plastics.”

6.2.5.6 A cheaper way of treating and handling waste
Companies look for the cheapest way to get rid of waste. According to the new law, it will

push the company to recycle 60% also some downstream solutions. Another big barrier is the
existence of the option to landfill, as some local companies can therefore choose to save
transportation costs and just send the waste to a landfilling site, which is cheaper. However, lots
of businesses are starting to consider waste management as an important part of their sustainable
business models, making sure that the waste is handled properly. However, the government and

businesses should join forces to stop landfilling practices and encourage better alternatives.

6.2.5.7 Relationship between the price and pattern of waste
Interviewers have interviewed representatives from 4 different waste management

companies and got to know that WMCs charge different set of prices based on the level of the
waste a given company generates. For example, one of the representatives mentioned that they
have a contract with several recycling companies, and they mentioned that they can only recycle
that fish farming net if the level of anti-foiling in the fish farming net is below 25%. If it is more

than 25% then it must go for incineration and energy recovery. Therefore, they set three types of
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prices: for 0-5% level of anti-foiling, for 5-25% level of anti-foiling and finally for more than 25%
of anti-foil for which they charge the maximum as it needs to go to incineration. The latter option
IS expensive because the nets should be shredded down to very small pieces so that it can burn,
and that process takes more time naturally.

6.2.6 Producer responsibility

6.2.6.1 Producers need to be more aware
To create a bigger positive impact, producers need to be more responsible and aware of the

future of plastics. Producers are combining different types of plastics to make a certain product to
cut down costs and they are doing it because companies are not willing to pay a high price, so it is
avicious cycle. If the price of the fishing equipment produced by local firms goes up because local
suppliers are valuing the environment, then the other suppliers from the different markets where
the regulations are not strict can come and get the same products at a cheaper price. Therefore, a

sustainable economy and environment-friendly solution are much needed.

6.2.6.2 Sourcing pattern
When the interviewers asked about gear sourcing, most of the companies’ representatives

claimed that they source locally and try to make sure that it is sourced responsibly. Every company
has a supply chain team that cares about and investigates the source of the material. One of the
interviewees shared one specific example of a company from Finnmark which has been pressing
their suppliers that they will not buy the gear unless the suppliers find a solution for proper waste
management and recycling when the AGs reach the end-of-life phase. Within one month, 5
suppliers of one certain product contacted NOPREC for a site visit, showing interest in working
with them for potential recycling of waste. This shows that the customers (the aquaculture
companies) can have an immense impact on the whole supply chain to bring changes to current

practices in waste management.

6.2.6.3 Responsibility
The interviewers also got to know that some major suppliers are taking the responsibility

of servicing the AGs including repairs, recoating, and cleaning so that aquaculture companies can
keep using the gear for a longer period. One company representative mentioned that suppliers take
back the rest of unused gear such as excess rope delivered to the farm infrastructures so that it does

not get wasted.
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6.2.7 Landfilling
Among the interviews conducted, one was with a representative from a landfilling site in

the region of Mgre and Romsdal. The interviewee explained that most of the things that cannot be
recycled go to their company. In 2020, this site received around 800 tons of waste from fishing
industry which was not possible to recycle. Some of the plastic which is in a long time in the sea
gets broken like organic waste in the water.

6.2.8 Recycling of aquaculture gear in Norway
Two different interviews were dedicated to conversong with recycling companies that

collect, sort, and process several types of industrial waste from aquaculture companies and travel
along the coast to collect plastics, especially from the aquaculture industry. One of these two
companies goes out to where the aquaculture sites are located, using a shredding machine and a
sterile compressor to transport plastic efficiently back to the recycling facility. Materials such as
ropes and metal are taken by the recycling company if possible to recycle or else sent directly to
the closest waste management facility. The shredding machine shreds most plastic parts of the
aquaculture systems, including the floating rings, the walkways, and the feeding tubes. The nets
are collected but cannot be shredded and recycled in Norway as they are considered hazardous
waste because of the copper coating. These nets usually end up incinerated for energy recovery.
These nets often go to a facility that uses high heat to produce bricks. Last year, one of the
companies handling waste, found a solution to minimize the percentage of incineration. Firstly,
they cut different parts of the nets (top, middle, and bottom) into small pieces and send them to a
lab for analyzing the quantity of copper. If the level of copper is higher than the required
percentage, it will go to incineration, but the rest will be recycled. This method according to the
specialist interviewed is still very expensive and very inefficient as it takes too much time to

process just one net.

6.2.9 Microplastics
Microplastics are not getting enough attention and will get into the food chain eventually.

Based on the opinion of one of the interviewees, the copper coater is actually “a lesser evil” even
though EU regulations highlight it as hazardous. There is the new development of other materials
to use for anti-foiling, some of which consider using plastic itself. The problem occurs when the
nets start bleeding out of this coating after the reaction with seawater. The service manager from

a supplier firm explains: “if the coating is made of plastic, microplastics are generated”. High-
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pressure washing as well of the nets contributes to losing small particles of the material in the
water. Experts believe that, in the future, more recycling opportunities will be possible as more

fish farmers move away from using anti-fouling, replacing it with a simple wax.
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7 DISCUSSION

7.1 MFA DISCUSSION

The results from the MFA in the region of Mgre of Romsdal show the plastic flows during
the different processes and use phases alongside the amounts of plastic waste lost in the ocean
generated from aquaculture gear used by a selected number of companies in one focus production
area. Considering the large scale of the aquaculture industry in Norway, these findings should be
a source of motivation for all the relevant stakeholders to take action and find better solutions on

how to manage plastics in this industry and therefore contribute to the fight against marine litter.

7.1.1 AGs lost in the ocean
The MFA estimated that 130 tons of AGs were lost in the ocean in 2020 just from one

region. Although the study found out that most of this lost gear is recuperated through ocean
cleanup operations, it is important to know the different causes for losing gear. Survey and
interview results showed that losing AGs in the ocean is a very rare occurrence, and previous
research agrees with that in the sense that there is no specific classification by the aquaculture
companies showing exactly the quantity of gear lost in the ocean. According to Huntington (2019),
different causes are leading to the loss of AGs in the ocean, but there is a noticeable lack of
classification from the industry players. Among these causes, Huntington lists mismanagement of

gear, deliberate discharge, and extreme weather (2019).

7.1.2 Microplastics from AGs
Since there were no concrete results from the surveys and interviews on the phenomenon

of loss of AGs in the ocean and its causes, the real focus should be on microplastics. The MFA
estimates an alarming 2 to 3 tons of microplastics from decomposed AGs just from one region. As
described in the data analysis chapter, that estimation was drawn from the work of Lusher and
Pettersen with Akvaplan NIVA (2021), who used nine different potential sea-based sources
connected to maritime activities to update the available data on microplastic discharges. Even
though the certainty of the data was classed as medium or low, this report is an important source
of information about the current situation of microplastics, especially discharges connected to the

aquaculture industry. Very few studies were found that focus on this specific issue.
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Schoof and DeNike (2017) worked with shellfish farmers from Washington state to
investigate the allegations circulating about the effect of aquaculture gear on microplastics in the
ocean. The study concluded that the available published data demonstrated the very limited
contribution of the gear used in shellfish farming on the release of microplastics in the ocean. On
the other, another study by Chen et al. (2018) confirms that the gear used in aquaculture is a
potential source for microplastics in the ocean. Because of the very limited information available
on the issue, Chen and colleagues decided to closely investigate a semi-enclosed narrow bay in
China that has a long history of mariculture to capture the effects of farming activities in generating
microplastics in seawater and sediments. The project results found that indeed there are discharges
directly linked to aquaculture gear composed of polyethylene (PE) foam, PE nets, PE film,
polypropylene (PP) rope, polystyrene (PS) foam, and rubber (Chen et al., 2018).

After confirming that aquaculture is one of the potential sources of microplastics in the
ocean, it is salient to investigate its diverse effects on marine organisms and associated risks from
ingestion. Vazquez-Rowe et al. (2021) investigate in a recent study the consequences of
microplastics on the health of aquaculture systems and fish species, identifying the links with food
safety and sustainability. The results of this study show that among the diverse effects of
microplastics, the most alarming is the ingestion risk by marine organisms that can cause
neurotoxicity, reduced metabolic rate, increased mortality rates, and many others. The authors
suggest that this phenomenon can affect human life through the consumption of marine products,
however, more research is needed to determine the exact negative effects of micro and nano

plastics on the food chain (Vazquez-Rowe et al., 2021).

7.2 INTERVIEW DISCUSSION
The major finding of this paper astonished researchers that there is no national or regional

tracking system of how much plastic waste is generated by a fish farming company. There should
be a proper policy to track the quantities of plastic waste generated from each industry, especially
aquaculture. If the issue is not identified nor quantified enough, bringing a sustainable solution to

solve that issue would be nearly impossible.

Norway should focus on building infrastructure to process its waste and make sure that the
material loop is closed properly. Furthermore, Norway requires more mobile waste management

companies who would move from one place to another and collect the plastic waste and process
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it. Innovation regarding how to reuse and recycle should be the main focus for both aquaculture

and waste management companies.

Producers need to be more responsible and should not mix different types of plastics in AGs
just because it makes financial sense or to survive in the competitive market, rather come up with
a sustainable plan and let the related authorities know if they need any. On the other hand, the
aquaculture companies should not overlook environmental value even though in some scenarios it
might not make economic sense in the short run. Apart from that, companies should be more open-
minded and proactive when it comes to using a product produced out of recycled plastic.
Government should subsidize or relieve tax where required so that using products from recycled
materials gets cheaper. And finally, an updated EPR scheme should be there which may make
aquaculture companies more accountable and increase transparency in the supply chain, overall

make the industry more environmentally conscious (Deloitte, 2020).
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8 CONTRIBUTIONS OF THE STUDY

8.1 MANAGERIAL IMPLICATIONS AND RECOMMENDATIONS
Based on the researchers’ experience after conducting several interviews with specialists

in the relevant fields and performing Material flow analysis, the following recommendations are

suggested for all the relevant companies along the supply chain of the aquaculture industry:
1. Proper guidelines about how plastic waste data should be prioritized. When The
researchers have asked the interviewees about the plastic waste data then they got to know
that there is no prescribed way how to store data. Hence, they do not follow any certain
procedure. Most of them contain all data together hence it is hard to distinguish and
tell how much plastic waste the company is generating every month/year and among them
how much is going to recycle and how much is incineration. Since plastic waste is a very
sensitive  topic, data should be very transparent and accessible by at
least certain authorities. Furthermore, the government should enforce a system of tracking

and registering the plastic waste generated by companies.

2. Most of the companies that contributed in the interviews mentioned that using gear that
is made of recycled plastic is expensive and this is one of the reasons it cannot be used
even if there are options available in the market. If the government introduces a tax
exemption policy in this regard such as if a company buys gear that is made of recycled
plastic will get a certain tax exemption based on the buying nature, then companies will be

motivated.

3. To build a sustainable economy, Norway should be more independent and own
treatment plants that specialize in recycling rather than transporting it to other
countries. On a large scale, Norway is somehow dependent on other countries when it
comes to treating plastic waste. The government and other key players should invest more
to build a proper infrastructure in order to close the material loop within the country.

4. The government should invest and influence more young people to build companies or

come up with ideas where they can produce products out of recycled plastic and replace
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the use of the plastic product. Educational and research institutions should do more
research and create agreements with other countries to think out of boundary and

implement them in Norway for the betterment of the world.

5. The 5 Rs (Refuse, Reduce, Reuse, Repurpose, Recycle) should be used by all the key

players revolving around this industry.

6. The government should move forward to introduce the Extended Producers’
Responsibility (EPR) to the aquaculture industry to include plastics in gear and not only

plastics used for packaging.

8.2 CONTRIBUTION TO SUSTAINABILITY THEORY
1. This study found out that there is no transparent data in the market in regards to how much

plastic waste the Norwegian aquaculture industry is generating. Hence, Governments and
related authorities should be more conscious in this regard.

2. This study also found out that there is a huge opportunity for recycling business, where
young entrepreneurs should focus on.

3. This study also found the difficulties, opportunities of using and not using plastic waste in

a proper manner.
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9 LIMITATIONS AND FUTURE RESEARCH:

One of the main limitations of the research project is the lack of publicly available data
regarding plastic waste generated by aquaculture companies. Often companies considered this data
as strictly private, whereas some companies are not confident enough to share and believe that
current data could be misleading. There is no national or public registry from where this data can
be found. Due to the lack of publicly available data, the researchers had to rely on a lot of
assumptions to complete the necessary calculations of plastic masses for the MFA model. It is
crucial to note that this paper is an effort into quantifying the masses of plastics tied to aquaculture
gear, the numbers however should not be considered as reliable, since the use of assumptions to

compensate for the lack of data helps in creating approximations only.

According to the plan, the researchers communicated with all the aquaculture companies
offering licenses to the fish farming site in the production area “Stadt to Hustadvika” in the region
of Mgre Og Romsdal in Norway alongside their suppliers and the waste management companies
they are tied to. However, less than 20% of companies responded after the first round of
communications. The researchers were persistent and used several means to contact responsible
persons from specific companies, however, it was difficult to get responses from more than 50%.
Additionally, not all the targeted companies responded on time, making the number of respondents
lower than expected. Most of the companies from where researchers received responses were very
open and excited about the project and agreed to speak and share information, and even helped to
find further contacts. However, some companies did not want to participate and they either

expressed that by stating they do not have enough time or no relevant information.

Another limitation is the limited time on hand. The duration of the thesis project was 6
months, meaning there was not enough time to get more contacts, to conduct more interviews, nor
more time to get more survey responses. If previous work of the same nature is to be taken into
consideration, Deshpande et al. (2020) for example had 4 years to work on their paper. Having
more time would have allowed for more room to deepen the investigation. Furthermore, due to the
pandemic situation, the researchers could not schedule any site visits, therefore impossible to
supplement the interviews with observations from physical visits to the relevant entities, relying

solely on the information that was given by company representatives.
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It is also crucial to understand that the sample size was small, and therefore should not be
representative of the whole aquaculture industry. It is important to highlight that the project does
not cover the whole region of Mgre and Romsdal, as explained in the research problem section,
the project focuses on one specific production area that covers most of the region. In addition to
that, the numbers produced from the MFA model should be regarded as only an approximation of
the actual quantities of plastic masses in the region. As Deshpande et. al (2020) explained in his
work, the MFA presents only a snapshot of the activities happening during the lifecycle of AGs.
Meaning many inconsistencies can be found in the model caused by a variety of reasons, including
but not limited to the use of different types of plastics in the gear, sizes of the farms, production
capacities and other factors that are difficult to control. In addition to that, this study focuses on
only some but not all the AGs used in the industry. The study had to be limited with these
constraints because of the very little data available and that could be extracted from the interviews

and surveys.

In the future, when the plastic data would be publicly available and transparent enough,
and when time is not a constraint then the same research can be conducted in a bigger perspective
regarding the aquaculture industry in Norway. This topic has lot of potential to bring together
different entities such as private companies, environmental agencies, and governments to come

together and work to solve the current pressing problems connected to marine pollution.

56 of 79



10 LESSONS LEARNED

e The researchers spent a good amount of time finding the right contacts and resources. If
the school has collaborated with companies who are willing to provide data, then the
companies and the country both would benefit from that.

e This isa6-month project, hence the researchers could not explore nor investigate as deeply
as they wanted to. To get the best results, future research should dedicate more time.

e MFAis a good tool to quantify plastic masses, for example, this tool should be more
mainstream or should be used more by students. Even though MFA is complex and some
people do a Master’s on it, the researchers managed to perform it well which proved that
learning by doing is a successful strategy to learn new skills.

e The planned schedule is very difficult to keep and follow, however, it is very useful to have
one to keep the objectives clear and be on track.

e Communication with the supervisors is very important. It should be frequent and clear from
both sides. Both the student and researchers should clear their expectations.

e It is important to be flexible when it comes to choosing a research topic and throughout
the research area but not to be distracted. The initial plan was to fully perform the material
flow analysis and talk to experts and employees who are involved in the aquaculture
industry. However, when the researchers found that there is not much reliable data
available, they focused on collecting as much as possible facts from this
industry starting from focal aquaculture companies to waste management companies,

recycling companies, and their suppliers and partners.
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11 CONCLUSION:

Marine litter is one of the biggest concerns for the world and to win against that fight all
countries need to work together. Aligning with the UN Development Goals, the EU came up with
its approach to tackle this threat, so did countries such as Norway. Now more than ever, investing
in research and innovation to diminish marine pollution is a necessity, and businesses should think
out of the box about strategies to turn plastic waste into an asset. Before finding what can be done
with the plastic waste, it is important to know what types of plastics are contributing to ocean litter
and from what industries it is originating. In this study, the researchers performed a material flow
analysis (MFA) of plastic waste from the Norwegian aquaculture industry on Stadt to Hustadvika
production area in Mgre og Romsdal region. Apart from that, the researchers also investigated the
current practices and future strategies about how plastic waste is dealt with and how it is registered
and the possibilities of recycling. After conducting the interviews and MFA, the researchers
understand that there are important possibilities in utilizing plastic waste and make it circular.
However, constraints such as costs and quality are important factors when it comes to the use of
recycled materials. Government and companies can work together in this regard and be more
transparent and come up with the decision and take action in such a way so it makes sense
economically and sustainably. Furthermore, companies need to be more transparent about how
much plastic is required to continue the operation and be opened and accept the cradle-to-cradle
concept to close the loop. Apart from that, Norway should be independent when it comes to
recycling its plastic waste rather than depending on other countries. Norway should also introduce
waste treatment plants to treat their waste and influence young people to bring more innovative
ideas which can truly bring a positive sustainable change.

This paper is an attempt to quantify the stocks and flows of plastic gear used in the
aquaculture industry. The focus was on one production area that covers most of the Mgre and
Romsdal region in Norway. The material flow analysis conducted was about 5 main aquaculture
gear used in fish farming in the region of focus, investigating 4 types of plastics (PE, PP, HDPE,
and Nylon). The model estimates that in 2020 and only from one production area, a total of 130
tons of AGs get lost in the ocean and up to 2 tons of it is microplastics that stay in the ocean
indefinitely. These findings can be useful to encourage more sustainable ways in managing gear

in the aquaculture industry, helping ultimately to counter the problem of marine litter.
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13 Appendices

13.1 APPENDIX 1- Interview Questions

Questions for Aguaculture Companies
1. Can you please share the waste management strategy of your company?

2. Can you please share your experience on how the company manages waste
aquaculture gear/nets from its operations?

3. Follow-up question: Could you provide more information on how your company
processes the gear before it is sent to the waste management companies?

4. Do you need to clean and sort the gear before you send it to waste management
companies?

5. How do you deal with the plastic waste generated from gear repairs or
replacements?

6. Do you have an obligation to deliver waste to waste management facilities?

7. Do you have yourannual waste statementfrom your waste management
company or Annual waste statistics? Can we access this? Is it publicly available?

8. Do you need to pay any kind of tax or penalty for generating any amount of waste?
9. If so,tell us about the laws related to this issue. What are your
responsibilities? what is the law about and what are the parties involved?

10. Do you have an obligation to replace parts of your aquaculture platform regularly?
11. Who is obligating you to replace these parts?

12. Are there any other policies that effect how often you replace your aquaculture
platform?

13. What does the law say regarding replacement of aquaculture equipment? Be
specific regarding the equipment type.

14. Do you enquire your supplier about the origin of the plastic gear material?

15. Do they use any plastic gear that is made from recycled plastics?

16. Who do you buy your aquaculture gear from (different parts)?

17. Could you share some information on how you source your aquaculture

gear/equipment?

67 of 79



18. Follow-up question: Are the suppliers local or foreign companies? Are different
parts sourced differently from different suppliers locally or abroad? Any challenges on
the sourcing process? Any legal requirements?

19. How better waste management systems canadd value to your current
business models?

20. Could you explain how waste management in your company adds value to your
operations?

21. How better plastic waste management systems canadd value to your current

business models?

Questions for Fallow Sites

1. How much equipment do you have at this moment in Fallow site?

2. Could you please tell us the extent of waste gear/nets/ropes/equipment you have at
the fallow site?

3. What is the tonnage? Or could you please mention/specify the quantity of waste
gear at the fallow site?

4. How is the company going to deal with those gears?

5. Could you expand on how the company will deal with that level of waste
gear/nets/ropes/equipment?

6. DO you have any agreement waste management companies?

7. Could you tell us how you collaborate with the waste management companies in

managing the waste?

Waste management agencies

1. Can you describe in detailthe processof managing waste in your
facility? (Interview)

2. What do you do with waste received from aquaculture companies? Interview

3. Do you send the plastic waste to any other country?

4. What are the challenges youface in terms of processing plastic waste
from aquaculture industry?

5. Have you discussed these challenged with aquaculture gear producers?
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6. Do you think there are opportunities for getting value from the waste
nets/ropes/equipment from the aquaculture firms?

7. Could you explain the value creation activities/potentials from the waste gear?

8. Are you making any progress in addressing these challenges?

9. What are some of your suggestions for better management of waste, especially
plastic waste from aquaculture activities?

10. What opportunities are there/ How can we wuse Dbetter the plastic
waste generated from aquaculture?

11. Is there any company that collects plastic  waste directly from environmental

agency for recycling purposes?

Suppliers of the aquaculture gear

1. Do you produce the gear in Norway or abroad?

2. Who is responsible for the design and development of the product? Is it inhouse?
3. What are the challenges do you face producing gears from recyclable
plastic materials?

4. Are you developing any new product with recycled plastics or reused
plastics? Why/why not?

5. Do you have any agreement with waste management companies to design products
for their end-of-life?

6. Do you offer any services to repair gears in your facilities?

7. Do you receive old/used gear from aquaculture companies?

8. If yes: Do you offer any incentives for the aquaculture companies if/when they
deliver old and used gear?

9. If no: In your opinion, how circular your business model is? Can you identify any
missed opportunities?

10. How feasible it is to recycle thegear you are currently
manufacturing? (Interview)

11. What are the different reasons for not using more recycled plastic? Does it cost

more? Is it less durable?
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12. How plastic waste can add value to your industry/How better waste management

systems can add value to your current business models? Interview
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13.2 APPENDIX 2: SURVEY QUESTIONS
Short Description: Are you concerned about the ocean's health? If yes, please help us by taking

few minutes of your time to answer the following questionnaire. Your answers will help us identify
how many aquaculture gears are causing marine plastic pollution, and therefore find solutions to
manage this problem.
We are students of NTNU undertaking a study on the management of plastic waste in the
aquaculture industry in Mgre and Romsdal. It would be highly appreciated if you can respond to
the following questions. No personal data will be collected. Data collected will be used for
statistical analysis, and no individual respondent/firm would be identified. Data collected will be

treated as confidential. Thank you for participating in this survey.

For Aquaculture companies

1. On average, which types of fish species are you farming in your site(s)?
Give an  average  percentage  under each of  these  categories.
The sum of the percentages should be equal to 100%

Atlantic Salmon
Acrctic Trout

Atlantic Cod
Atlantic Halibut
Other fish species
Blue Mussels

Other shellfish species

2. On average, what is the number of fish produced per year in your site?

Give an average quantity for each category.
Atlantic Salmon
Arctic Trout
Atlantic Cod
Atlantic Halibut
Other fish species
Blue Mussels

Other shellfish species
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3. Which of the following aquaculture systems do you use?
Open water cages and pens
Suspended Ropes/Longlines
Coastal and Inland ponds
Others (Please specify)
4. On average, how many of the following aquaculture gear do you own at the same time?
Example: 2 floating collars, 5 Buoys, 6 pond liners, etc.
Floating Collars
Collar Floatation
Buoys (in mooring systems)
Ropes (in mooring systems)
Net enclosures
Predator or other nets
Feeding systems (pipes and hoppers)
Raft Floatation
Stock containment (nets/meshes)
Pond liners
Sampling/Harvest nets
Plastic green/poly housing
Aerators/Pumps
Feeding systems (pipes, feeders, and trays)
Others (Please specify)
5. On average, how frequently do you buy the following aquaculture gear in a year?
Example: 2 floating collars, 5 Buoys, 6 pond liners, etc.
Floating Collars
Collar Floatation
Buoys (in mooring systems)
Ropes (in mooring systems)
Net enclosures
Predator or other nets

Feeding systems (pipes and hoppers)
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Raft Floatation

Stock containment (nets/meshes)

Pond liners

Sampling/Harvest nets

Plastic green/poly housing

Aerators/Pumps

Feeding systems (pipes, feeders, and trays)

Others (Please specify)
6. Can you please upload your annual statement of waste / Annual waste statistics?
7. Which of the following destinations is the waste sent to?

Example: 50% landfilled, 10% recycled etc.

Incinerated

Landfilled

Recycled

Reused

8. On average, how much money does your company spend to process plastic gear
waste yearly?

9. On average, how many percentages of the following aquaculture gear types you own are
being repaired each year?
The answer should only include repairs involving the change of gear parts.
Write a percentage under the following categories. If you don't use this type of gear, leave
the category blank.

Floating Collars

Collar Floatation

Buoys (in mooring systems)

Ropes (in mooring systems)

Net enclosures

Predator or other nets

Feeding systems (pipes and hoppers)
Raft Floatation
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Stock containment (nets/meshes)
Pond liners
Sampling/Harvest nets
Plastic green/poly housing
Aerators/Pumps
Feeding systems (pipes, feeders, and trays)
Others (Please specify)
10.On average, how do you spend the budget specified for gear management?
Example: new gear = 43% / repair damaged gear = 57%
Percentage used to purchase new gear.
Percentage used to repair damaged gear.
11. On average, what is the lifespan of the following aquaculture gear types?

Floating Collars
Collar Floatation
Buoys (in mooring systems)
Ropes (in mooring systems)
Net enclosures
Predator or other nets
Feeding systems (pipes and hoppers)
Raft Floatation
Stock containment (nets/meshes)
Pond liners
Sampling/Harvest nets
Plastic green/poly housing
Aerators/Pumps
Feeding systems (pipes, feeders, and trays)

Others (Please specify)

12. On average, what is the percentage of the following gear lost during repairs?
Floating Collars
Collar Floatation
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13. How

Please specify the exact weight in KG or tons.

14. Where

Write the name of the company/facility/place collecting this waste.

Buoys (in mooring systems)
Ropes (in mooring systems)

Net enclosures

Predator or other nets

Feeding systems (pipes and hoppers)
Raft Floatation

Stock containment (nets/meshes)
Pond liners

Sampling/Harvest nets

Plastic green/poly housing
Aerators/Pumps

Feeding systems (pipes, feeders, and trays)

Others (Please specify)

muchof  your gear  needs

do you deliver the gear

to

that

be

you

disposed

want

to

of  yearly?

dispose  of?

15. On average, how much of the following aquaculture gears do you lose at sea every year?

Example: 3 ropes per year.

Floating Collars

Collar Floatation

Buoys (in mooring systems)
Ropes (in mooring systems)

Net enclosures

Predator or other nets

Feeding systems (pipes and hoppers)
Raft Floatation

Stock containment (nets/meshes)
Pond liners

Sampling/Harvest nets

Plastic green/poly housing
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Aerators/Pumps
Feeding systems (pipes, feeders, and trays)

Others (Please specify)
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For Suppliers/Manufacturers of gear

1. On average, how much of the following aquaculture gear do you produce annually?
Floating Collars
Collar Floatation
Buoys (in mooring systems)
Ropes (in mooring systems)
Net enclosures
Predator or other nets
Feeding systems (pipes and hoppers)
Raft Floatation
Stock containment (nets/meshes)
Pond liners
Sampling/Harvest nets
Plastic green/poly housing
Aerators/Pumps
Feeding systems (pipes, feeders, and trays)
Others (Please specify)
2. Which of the following plastic types are you using to produce aquaculture gear?
Fiber-reinforced plastic (FRP)
High-density Polyethylene (HDPE)
Low-density polyethylene (LDPE)
Nylon (Polyamide, PA)
Polyethylene (PE)
Polyethylene terephthalate (PET) or polyester
Polypropylene (PP)
Polyvinyl chloride (PVC)
3. Onaverage, what is the percentage of the following sources of plastic do you use to produce
new gear?
Recycled
Virgin
Reused
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Others
4. On average, what is the percentage of recycled plastic that you can use for manufacturing
new gear?

(The capacity)
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For Waste Management Companies

1. On average, how much waste per year do you receive from aquaculture companies?
Please provide the average weight
Plastic waste
Mixed waste
Other

2. What is the percentage of plastic waste received from aquaculture companies that gets ...?
Incinerated
Landfilled
Recycled
Reused
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