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Abstract
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EXECUTIVE SUMMARY

Background

The European Green Deal (EGD) aims at transforming the EU into a resource-efficient, modern and
competitive society. This can be achieved by making Europe carbon neutral by 2050. To facilitate a
gradualtransition, the EU mustreduce its net greenhouse gas (GHG) emissions by atleast 55 % by 2030
from its 1990 levels. All industrial sectors and society, in general, will have to contribute to this
endeavour, and thefisheries sectoris no exception. This study sheds light on two fundamental aspects
of EGD: the decarbonisation and the circular economy of European fisheries. This study presents the
policy framework, successful examples, observed challengesand some policy recommendations.

Decarbonisation of fishing fleet

The decarbonisation of EU fisheries will be achieved by having fleets consuming less fuel, using
alternative energy sources, while fishing sustainable fish stocks. Over 20 solutions are presented in
this report as possibilities that could be applied by the fishing sector as part of its energy transition.
Some of the solutions are targeting the (a) vessel’s strategy (e.g. how the fishing vessel is operated),
others, (b) the vessel structure and onboard equipment, and (c) energy efficient fishing gear, and
thelast group (d) focuses on catchability.

Defining the energy and activity patterns of a vesselis key to start outlining the decarbonisation
strategy for any vessel. Nowadays, however, the selection of a solution is often made blindfolded.
Installing an energy monitoring device and conducting energy audits should be, therefore, the first
stepin this process because they provide accurate information on how energy is consumed onboard,
by which equipment, and their share duringnavigation and fishing phases.

Other successful implementations include the reduction of navigation speed for vessels presenting
long navigation distances in their trips, the use of low emission or hybrid engines, alternative fuels
and antifouling coatings, or a bulbous bow.

In terms of efficient fishing gear, the use of rolling wheel for trawl shoes or the SumWing have proven
to be successful for beam trawlers. In contrast, for otter bottom trawls, the use of lighter netting
designs, semi-pelagic trawl doorsor remotely controlled doors aremostly recommended.

Despite the diversity of solutions, not all of them are suitable for all vessels. Training is needed to
facilitate this energy transition amongst fishers and other stakeholders, and mechanisms to improve
the knowledge transfer.

Circular economy in fisheries

Circular economy in the fisheries sectorhas been mainly focused on solutions addressing fishing gear
smart designs, innovative approaches to reduce the dumping of litter at sea, marine litter
collection, and efficient recycling channels. While circular design of fishing gear has a lot of potential
andalong way togo, itis still atan early stage.

In contrast, the developmentofinitiatives thataddress the recovery, reuse, recycling and upcycling of
marine litter and end of life (EOL) fishing gear has been more popular, and the results are already
being applied involving the fashion industry, with major fashion brands starting to produce garments
made from marine plasticor EOL fishing gear. This growing number of initiatives not only indicates a
new market niche and a new production model, but also changes in society's consumption pattern.
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However, few circular examples applied to small-scale fisheries have been found, apart from
engaging fisheries in active or passive fishing for litter (FFL) schemes, which aim at retrieving marine
litter from the sea on a paid or voluntary basis. Port reception facilities should be improved across
Europe, and local or regional management schemes for EOL fishing gear and marine litter are
recommended to facilitate circular economy practices amongst the fishing sector and harmonise the
approach towardsa carbon neutral Europe.

Policy recommendations

The currentimplementation of decarbonisationsolutions is onaverage verylow in fisheries worldwide,
also in EU fisheries. To guarantee an effective energy transition and to start decarbonising the
European fisheries sector, the following policy recommendationscan be given.

e Define afisheries roadmap towards decarbonisation.

e Revise EU’s definition of the term fishing capacity, because adding more GTs or kW does
not necessarily increase a vessel's ability to fish, and is a sine qua non condition for applying
some of the energy efficiency solutions.

e Embrace a simpler and more flexible processes for funding application for investment or
installation of energy efficient solutions

e Promote the implementation of a mixture of energy efficient solutions due to there is no
‘one-fit-all’ solution applicable to all fishing vessels and fishing modalities.

e Promotetheinstallation of energy monitoring devices in all fishing fleet segments.

e Make the European Data Collection Framework include detailed data on energy
consumption of fisheriesreported by energy monitoring devices.

e Encourage the inclusion of fishing vessels of different sizes in the energy efficiency policy
framework of the IMO (MARPOL 73/78).

e Establish a European cooperation platform to address energy efficiency in fisheries,
exchange successful stories, promote dialogue and cooperation, and facilitate the transference
ofinformation and sustainability awareness.

e Promote the development of seafood labels/eco-certifications incorporating the carbon
footprint or Fuel Use Intensity (FUI) score of the fishery on food products.

Circular economy initiativesin thefisheries sector havebeen mainly focused on recycling of end of life
(EOL) fishing gear and marine litter into garments or accessories. However, this is short-sighted as
circular economy implies a wider consideration, which can promote job creation and additional
income. Policy recommendations to implement the circular economy in fisheries are:

e Define sectoralroadmap to develop the circular economy in fisheries’ value chain.

e Outline an agreed definition for circular fishing gear including targets for recycled content
within the gear and associated legislation to enhance the design but also the implementation
of circular gears onboard the fishing fleet.

e Establish a standardised approach to mark and label the polymers and materials
composing the fishing gear to facilitateits final recycling.

e Define a standardised collection, sorting, conditioning and recycling scheme for EOL
fishing gear and marine litter at Europeanlevel. This implies: making port reception facilities
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for EOL fishing gears and marine litter ubiquitous in all European ports regardless their size;
including this type of waste in established waste treatment streams; and adding the
collection, conditioning, sorting and recycling of marine litter and EOL fishing gear as part of
the service contracts of port waste managers, so that fishers would not have to pay an
additional fee for the managementof such waste.

e Financially support programmes that promote the expansion of fishing for litter (FFL)
schemes across Europe.

e Setnational minimum collection rates for marinelitter and EOL fishing gear.

e Develop areporting system, which is appropriate forlocal fishers, todocumenttheextent and
location of abandoned, lostor otherwise discarded fishing gear (ALDFG), marine litter collected
by FFL activities and EOL fishing gear discardedin port.

e Establish an EPR scheme for fishing gear with financial schemes and support, and with
defined responsibilities.

e Establish mechanismsto improve the logistics associated with the full value chain for the
recycling of marine litter and EOL fishing gear across Europe.

e Improvethe collaboration, cooperation, and dialogue amongst stakeholders and between
and within regions to establish responsibilities regarding the management for these waste

types.

e Promote and finance research and innovation on circular economy in fisheries, e.g. circular
design of gears, alternative management systems, conditioning and recycling technology,
smart logistics, etc., by supporting pilot projects, and synergies between stakeholders (eg.
thefishing sector, businesses).

e Incentivise the development of local circular solutions and projects embracing the
cooperation and partnerships between actors of the fishing industry’svalue chain, FLAGs, local
waste managers, recycling companies and other entrepreneurs.

e Promotethe marketforrecycled fishing gear and marine litter by, for example, fostering the
green procurement of marine plastic-derived products.

e Promote the traceability of products made of marine plastic or other fishery-related wastes
by, for example, establishing a label to define plastic of marine origin (link to digital product
passport).

e Increase awareness raising and training skills activities for reducing the marine litter
contribution fromfisheries andincrease the participationin circular solution practices.

10
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1. STATE-OF-PLAY OF THE POLICY INITIATIVES OF THEEGD

KEY FINDINGS

e TheEuropean Green Deal (EGD) is the roadmap for EU climate and environmental policies,
which are being aligned to transform Europe into a resource-efficient, modern and
competitive society. This is achieved by making Europe carbon neutral by 2050.

e Aspartofthe decarbonisation path, the European Commissionadopteda set of proposals
to facilitate a gradual transitiontowards carbon neutrality by setting an interim union climate
target of reducing Europe’s greenhouse gas (GHG) emission by at least 55% by 2030,
compared to 1990 levels. This applied to the fishing industry implies a need for decarbonising
the fishing fleets through a GHG emission reduction of 30% by 2030 compared to 2005
levels.

e Notonlyanenergy transitionis needed to reduce GHG emissions from fuel combustion, but
circular economy also plays animportantrolein shaping the future of Europe and the way
products, materials and food are made. To achieve this, the EMFAF and other funding
schemes are available to implement solutions within the fishing industry.

1.1. Overview of the European Green Deal package linked to
decarbonisation and circular economy applied to fisheries

Climate change has become one of the major challenges of the modern world. To tackle its negative
impacts, world leaders signed the Paris Agreement, a legally binding international treaty on climate
change, at the UN Climate Change Conference (COP21) in Paris in 2015 (UNFCCC, 2016). The Paris
Agreement called on countries to strengthentheir commitments and global response to the threat of
climate change over time to reduce their emissions. This included holding the increase in the global
average temperature towell below 2 °C but pursuingefforts to limit the temperature increase to 1.5 °C.
Atthe conference, the EU committed to carbon-neutrality by mid-21st century. As aresult,in 2019, the
Commission presented theEuropean Green Deal as its flagship plan tomake Europe climate neutral by
2050

European Green Deal (EGD) is the roadmap for EU climate and environmental policies. This growth
strategy aims at “transforming the EU into a fair and prosperous society, with a modern, resource-efficient
and competitive economy society, where there are no net emissions of greenhouse gases in 2050 and where

economic growth is decoupled from resource use”. This is achieved by making Europe carbon neutral’
by 2050 (European Commission,2019).

The decarbonising of the fishing industry has been approached from different angles within the EGD.
This includes an energy transition within the climate ambition, a clean and competitive industry by
making fisheries related products and practices circular, a “Farm to Fork” strategy in which the
Common Fisheries Policy (CFP) is defined, and linking to sustainable smart mobility as fishing vessels
arevessels in their own right (Figure 1).

' Carbon neutrality means having a balance between emitting carbon and absorbing carbon from the atmosphere in carbon sinks.

11
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Figure 1: Elements of the European Green Deal package, in orange those related to the
decarbonisation of the fisheries industry according to the authors.
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1.1.1. IncreasingtheEU’s climate ambition for 2030 and 2050

In order to achieve the climate neutrality? by 2050, the European Commission (EC) created the first
European Climate Law (ECL) (Regulation (EU) 2021/1119)° to set climate neutrality into binding EU
legislation and to ensure that all EU policies and sectors contribute to this goal. To facilitate a gradual
transition towards climate neutrality, interim emission reduction targets were set, which imply a
reduction of net greenhouse gas (GHG) emissions (emissions after deduction of removals) by at least
55% by 2030 compared to 1990.To achieve this, the Commission adopted the ‘Fitfor 55’ package in
July 2021 (European Commission, 2023a), aset of interconnected and complementary proposals. Some
of these proposals include the update of directives that target the maritime sector for the first time.
They also embrace a tightening of the existing EU emissions trading system (EU ETS); increased use
of renewable energy; greater energy efficiency; a faster roll-out of low emissiontransport modes and
the infrastructure and fuels to support them; an alignment of taxation policies with the EGD
objectives; measuresto prevent carbon leakage; and toolsto preserve and grow natural carbon sinks.
Thelink to fishing and shipping is summarised in AnnexA.1.

Furthermore, the most recent Communicationon energy transition (COM(2023) 100) strengthensthe
need to break away from the fossil fuel dependency, with a dual objective: to increase future
resilience of the fishing sector; and reduce the carbon footprint of fisheries products. This may be
achieved by the uptake of energy efficiency investments in the short to medium-term, developing
additional renewable and low-carbon energy sources in the medium to long-term, and always
boosting theimplementation of energy efficient solutions within the sectors. The energy transition is
not without barriers. The Commission is planning to overcome these challenges by, for example,
organising a conference devoted to energytransition,launch the Energy Transition Partnerships on EU

2 ‘Climate neutrality’ by 2050 means achieving net zero greenhouse gas emissions for EU countries as a whole, mainly by cutting emissions,
investing in green technologies and protecting the natural environment.
®  httpsi//eur-lex.europa.eu/eli/req/2021/1119/0j

12
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fisheries and stakeholders, stakeholder consultations, requesting studies on available energy efficient
technologies, launching a user friendly web tool to assess the impact of fuel prices, set a platform to
knowledge and best practice exchange, and promote grants under the European Maritime, Fisheries
and Aquaculture Funds (EMFAF) and “blue carriers” calls.

1.1.2. Supplyingclean, affordable and secure energy

EU's energy supply needs to be secure and affordable forconsumersand businesses. However, the high
energy dependence of different economic sectors puts Europe in a delicate situation before potential
gas or fuel crisis events, such as the one occurred with Russia and Ukraine in 2022. To overcome this,
energy efficiency and renewable energies have been placed at the core of the EGD’s climate
ambition strategy.

1.1.3. Mobilisingindustry for aclean and circular economy

The EU’s industry hasstarted the shift towarda circular economy, butit is stilltoo “linear”, meaningthat
there is still little concern about the ecological footprint and consequence when designing products
and managing wastes.Only 12% of the materials used by the industry come from recycling (European
Commission, 2019). In response, a new circular economy action plan (CEAP) was created to
modernise the EU’s economy and draw benefit from the opportunities of the circular economy
domestically and globally. The CEAP will prioritise reducing and reusing materials before recycling
them. It will foster new business models and set minimum requirements to prevent environmentally
harmful products from being placed on the EU market. Extended producer responsibility (EPR) will
also be strengthened (Directive (EU) 2019/904). The green digital passport intends toreduce therisk of
green washing practices of the plasticindustry. Two directives are leading the path. Directive (EU)
2019/904 is setting rules for single use plastic (SUP) for the top 10 SUP items found on European
beaches, as well as for ‘abandoned, lost, or otherwise discarded fishing gear (ALDFG), and end of life
(EOL) fishing gear®. Directive (EU) 2019/883 on port reception facilities (PRF) is regulating the
handling of wastes from ships, including fishing vessels. It also is defining that fishers may discard
passively fished waste ashore, in addition to waste generatedonboard and cargoresidues.

1.1.4. Acceleratingtheshift to sustainable and smart mobility.

Transport accounts for a quarter of the EU’s GHG emissions, and is still growing. To achieve climate
neutrality, a 90% reduction in transport emissions is needed. As regards the maritime sector, the
adopted strategy will be coordinated with the IMO (International Maritime Organization), which is
linked to theFit for 55 package (Annexl) and the energy transition strategy.

1.1.5. From‘Farmto Fork’:designing afair, healthy and environmentally friendly food
system.

Current food production system results in air, water, and soil pollution, contributes to the loss of
biodiversity and climate change, and consumes excessive amounts of natural resources, while an
important part of food is wasted. The Farm to Fork Strategy will strengthen and accelerate the
transition to a more sustainable food system. The CFP is central to support these efforts while ensuring
adecentliving for fishers and theirfamilies. The lastrevision of the CFP recognised the need to support
the EU 2020 Strategy and the achievement of its objectives. The first objective of the CFP regulation
(Regulation (EU) 1380/2013) is “Promoting environmentally sustainable, resource-efficient, innovative,

4 EOLfishing gear:fishing gear, nets, ropes sorted out and removed by fishers after the end of its useful operating lifetime, typically because

of damage and loss of net or rope strength
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competitive and knowledge—based fisheries”, which implicitly includes energy efficiency as one of the
goals. In addition, its Article 17 includes provisions forMember States tothe developmentof incentives
to energy efficient vessels, when it comes to the distribution of fishing possibilities. Thus, the basic
regulation considers energy efficiency as a positive factor that can be rewarded since it reduces the
environmentalimpact and thusshould be promoted. The Farmto Fork Strategywill also contribute to
achieving a circular economy by implementingsolutions that reduce the environmental impact of the
food processing and retail sectorsincluding the transport, storage, packagingand food waste.

1.2. Otherregulatory frameworks and funds

1.2.1. Policies linked to decarbonisation and circular economy infisheries

In Table 1 below, other policies and strategies that have a direct effect on the decarbonisation of
fisheries and circular economy practices at Europeanand international level are shortly.

Table 1: European and international policies affecting the decarbonisation of fishing fleetand
circular economy practices infisheries

Level Decarbonisation Circular economy
. e MARPOL AnnexVl, | « MARPOL AnnexV, waste onboard, reportingand
International .
Energy efficiency recovery of ALDFG
e landing e SUP Directive:including EOL fishing gears and
Obligation: marine litter;
landing of all e PRF Directive: providing a sustainable
catch, less managementto all ship wastes;
profitability, e EPRschemes;

looking forother | 4
fishing grounds

others, such as:
o plasticandrecycling policies;

. can lead tofuel o bans, taxes and levies on petroleum-based
European Union useincrease: .
' plasticor non-recyclable/non-degradable/
e Europe2020 non-compostable material;
Strategy:Resource o resource efficiency regulations and
efficiency programmes;
roadmap o lawsandregulations encouragingbiobased
materials;

o packagingregulations;
e Circulareconomy promotion packages.

a. Linkage todecarbonisation
AtEU level:

e C(Climate change and energy efficiency were also highlighted as needs by the “Europe 2020
Strategy, a strategy for smart, sustainable, and inclusive growth”. The Europe 2020 Strategy
aimed at establishing a smart, sustainable, and inclusive economy with high levels of
employment, productivity, and social cohesion, and it is aligned with the Millennium
Development Goals and in particular to achieve environmental sustainability (resource-
efficient and low-carbon economy). The Resource Efficiency Roadmap is part of the Resource
Efficiency Flagship of the Europe 2020 Strategy (COM(2011) 21). The initiative provides a long-
term framework for coordinated action in fisheries policy,amongst other sectors, supporting
policy agendas.

14


https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0021:FIN:EN:PDF

Workshop on the European Green Deal — Part I: Decarbonisation & circular economy aspects for fisheries

The Landing Obligation (LO). The EU fisheries regulatory framework for fisheries does not
contain many provisions concerning energy efficiency, however, energy efficiency arises as a
factor to be considered in the context of the LO. The LO may stand as a drawback for the
profitability of the fishing fleets, since the fleets have to land all fish below Minimum
Conservation Reference Sizes (MCRS), those fish subject to quotas restrictions, and, in the
Mediterranean, species subject to minimum sizes. In such a context, it is convenient for fishing
fleets to become more energy efficient because they may present similar fuel consumptions
than before the LO implementation forlanding lower (orno) marketablefish. Fish below MCRS
cannot be traded for human consumption. In turn, some fish subject to quota management
may not be easily marketed due to its low appeal for consumers. Currently, the obligation to
land or be penalised means that the average revenue per trip will drop for the same fuel
consumption, which may even increase if the decision is made to search for other fishing
grounds where there arefishthatis more valuable. Thismay undermine profitability even more
in a scenario of rising fuel prices. These factors may stand as anincentive to non-compliance.
In fact, the LO regulation as per Article 14 recommends using avoidance rules, which are
applied to avoid areas where high concentration of juveniles or other undesirable catches
occur. The size of vessels may also have implications on fuel consumption under the LO.
Fitzpatrick et al. (2019) considered that small scale boats and smaller trawlers may incur in
higher costs due to the requirements to store unwanted fish.Fishers are obliged to make more
trips to land all fish and then return to the fishing grounds to continue workingand searching
for fish that are more profitable. The higher costs associated with the LO conditions such as
extra work to sort out fish onboard, higher use of ice, fuel consumption, amongst others,
require improvements in selectivity to diminish the number of unwanted fish, or the use of
more energy efficient operations and equipmentto reduce variable costs. Landing obligation
may therefore have an effect on energy efficiency.

b. Atinternational level:

Sustainable maritime transport and sustainable fisheries are two global transboundary
industries, which are highly interconnected and need simultaneous tackling (Martini and
Alinutt, 2021). The International Maritime Organization (IMO) established the legal
framework for the safety and security of ships, their crew, and environmental protection. The
IMO dictates the exhaust emissions and energy efficiency policies related to the shipping
sector, through the AnnexVlofthe MARPOL 73/78 Convention (International Convention for
the Prevention of Pollution from Ships). While sulphur oxides content is directly related to the
type of fuelin useand depends on the fuel suppliers, nitrogen oxides are directly related to the
engine type and the age of the engine. GHG emissions are related to the energy efficiency of
ships and their management.

c. Linkage tocircular economy
AtEUlevel:

European SUP Directive: EU rules on single use plastic productsaim to preventand reduce the
impact of certain plastic products on the environment, in particular the marine environment,
and on human health. Regarding to the fishing gear, Member States would be required to set
up national minimum annual collection rates of waste fishing gear for recycling and to monitor
fishing gear placed on the market, as well as waste fishing gear collected, with a view to the
establishmentof binding quantitative EU-wide collection targets.
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e Extended producer responsibility (EPR): Member States must ensure that extended producer
responsibility schemes areestablished forfishing gear containing plastic placed on the market
of the Member State. For this, it is necessary to have adequate port receptionfacilities and its
subsequent transport and treatmentare necessary.

e The EMFF also supported environmentally sustainable and creative ways to implement the
circular economy in fisheries and aquaculture. FLAGs played an important role in identifying
andinvestingininnovatorsand educating operatorsto rethinkdesign, production, usage and
recyclingin a way that protects the environment, while increasing economic opportunities in
theform of newjobs and businesses.

e The EMFAF contains provisions to support the European strategy for plastics in a circular
economy, Article 25 contains provisionsto supportactivities leading to biodiversity protection
and ecosystem conservation with passive collection of gear andmarine litter, and investments
in ports facilities for the reception of lost gear and marine litter.

Atinternationallevel:

e MARPOL Annex V (which prohibits the dumping of fishing gear at sea), and to promote the
recovery of lost fishing gear, such as Council Regulation 1224/2009, Article 48, (fishing gear

must be retrieved or the authorities must be notified).

1.2.2. Financial support to the fishing sector for the investment on decarbonisation
and circular economy solutions for fisheries

The EMFAF (Regulation (EU) 2021/1139) is the current financial pillar of the CFP, and as its predecessor
programmesi.e. European Fisheries Fund (EFF) and the European Maritime and Fisheries Fund (EMFF),
it considers energy efficiency as an eligible aspect for funding, but with a few nuances. Article 19
establishes thatin relation to the eligibility of the financial support for energy efficiency investments,
replacement or modernisation of engines even a bulbous bow is possible, even if the individual gross
tonnage (GT) of the vessel increases. However, these changes shall not lead to an increase in the
Member States’ overallfishing capacity and are undertaken for small-scale vessels, or vessels up to 24
m in lengthiif it is proved that a 20 % of CO, emission reduction is achieved. Moreover, it excludes the
acquisition of equipment thatincreasesthe ability of a fishing vessel to find fish. Finally, no mention is
made of other typesof solutions, such as thoserelatedto how the vesselis operated, monitoring of the
consumption, solutions addressing energy consumers onboard (habitation, lighting), more energy
efficient navigation by using antifouling coatings, efficient propellers, etc.

The local action groups (LAGs) play a pivotal role in channelling funds to supportinitiatives within
coastal communities, including decarbonisation and circular economy initiatives in fishing
communities. In 2020, a survey was carried out by FARNET amongst fishing local action groups
(FLAGs) inrelation to projects linked to the EGD. A total of 155 FLAGs across Member States replied to
the questionnaires. Results highlighted that for the 2014-2020 period, 87% of the groups reported at
least one project contributing to theEGD (Posti et al., 2020), that summed a total of 1 167 projects. Out
of these projects, 59 % were linked to the objective of “Preserving and restoring ecosystems and
biodiversity”, 29 % to “Sustainable food systems”, and 12 % to “Circular economy and clean energy”.
The latter (Circular economy and clean energy) only accounted for 141 projects, on average, less than
one project per FLAG. Most of them (37 %) were related to energy efficiency, only 12 % were linked to
circular economy practices, which suggest that circular economy is the least developed within all the
initiatives, and this mightbe due tothe state of technology, investment, production costs, and markets.
Regarding circular economy, some initiatives focused on the revalorisation of ALDFG and other
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materials regarding clean energy, they were mostly related to reduction of fossil energy dependency,
through the electrification of vessels, charging stations, and the use of solar panels for fisheries
buildings and other port facilities linked to the fisheries cycle (FARNET, 2023). Based on these results, it
seems that there is still work to do to promote the full utilisation of the community led local
development (CLLD) projects linked particularly tothe energy saving and circular economy aspects of
the EGD.
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2. DECARBONISATION ASPECTS FORTHE EU FISHING FLEET

2.1. State-of-play of solutions for the decarbonisation of fishing fleets

KEY FINDINGS

e Theroad towards decarbonisation of EU fishing fleets implies a twofold objective: to have

energy efficient, and low-carbon fisheries. Energy efficiency is achieved by having fleets
consuming less fuel and fishing sustainable fish stocks; low-carbon fisheries imply having

fishing vessels consuming low-carbonalternative fuels or energy.

e Energy efficient solutions may be focused on improving the fishing vessel operation, the
vessel structure and onboard equipment, the fishing gears, and the catchability.

e Implementation of energy efficient solutions are still low within the fishing industry.

e Efforts toreducefuel consumption, costs,and emissions in fisheries need to be tailored to
the nature of individualfisheries, even fishing vessels. However, solutions are often presented
as one-fit-all solutions, and little insight and misleading messages are given to fishers, which
hinder the decision-making towardsthe solutions.

e Fuel consumption monitoring devices together with energy audits are key to assess the
feasibility of a solution and improve the reporting of GHG emissions.

e Solutions mustbe chosen based on a vessel'senergy and activity patterns.

e Solutions areavailable but thefisheries sectoris reticent to invest,implementand maintain
energy efficiency solutions due to different barriers.

¢ Training, transparentinformation and knowledge transferis needed.

2.1.1. Energy efficiency and decarbonisation

Commercialfishing is energy-dependent, butthe level of dependence varies betweenfisheries (Parker
et al.,, 2018; Parker and Tyedmers, 2015). Different indicators in the literature and regulations assess
energy efficiency. ‘Fuel use intensity’ (FUI) also known as ‘Fuel Intensity’ is encouraged as a proxy for
managementeffectiveness by providingthe quantity of fuel consumed per quantity of fishlanded (litre
per tonne) (European Commission et al., 2021; Parker and Tyedmers, 2015). In generalterms, the fuel
intensity of European fisheries has declined since 2009 but stagnated from 2014 and onwards
(European Commission et al., 2021). Despite showing a positive trend towards energy efficiency, the
message may be misleading as the FUl at state level not only depends on overall fuel consumption of
theEUfleet and landings, butin the effort, fleet size and other variables (Sala et al., 2022). Nonetheless,
the indicator is more useful when disaggregated at vessel level or fisheries level. This enables acting
and measuring the improvements on decarbonisation practices.

Onboard a vessel, main and auxiliary engines burn fuel (mainly marine diesel oil) (MEPC, 2020). The
energy produced is used to propel the vessel or to power onboard energy consumers. GHG emissions,
however, are directly linked to the typeof fuelused and its consumption, aswell as the leakages of the
refrigerantsused onboardfor the cooling systems. Thedecarbonisation of fishingfleets, i.e. a reduction
of GHG emissions of fisheries, canbe driven by different means, suchas reducing the fuel consumption,
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using alternative fuels/energy or refrigerants with a lower GHG emission factor or by increasing the
catch within safe biological limits for the same amount of fuel consumed making the activity more
efficient.

Energy efficient solutions need to be tailored to the nature of individual fisheries (European
Commission etal., 2022) or even at the vessel level; however, solutionsare often presented as one-fit-
all solutions. Worse yet, the potential savings of a technology are often reported without detailing
whether such saving is applicable to the whole fishing trip or to a certain activity mode (e.g. in
navigation or fishing). For example, the use of semi pelagic trawl doors may present lower drag
coefficient than traditional doors; hence, the vessel would consume less while trawling. This solution
will only be applicable for trawlers using trawl doors and the savings willonly occur while the vesselis
using these doors, i.e. during fishing, not during the whole trip. Another clear example is the use of
antifouling coatings. Certain antifouling coating manufacturers may suggest a fuel saving of 3 % by the
application of the antifouling paint in vessel speed greater than 15 knots. It has to be clear that the
saving will only occur when the vessel reaches these speed ranges; hence, this may not be a
recommended solution for a great part of small-scale fisheries. Therefore, the real fuel saving, and the
payback period of the investment may be unknown unless the energy and activity patterns of the
vesselare defined, for example indicating if the vessel devotes a considerable amount of time during
thetrip to navigating at this speed range.

Fishing activity and energy patterns are some of the most critical factors determining fuel
consumption. The first indicates the amount of time devoted by each of the engines onboard to a
certain activity i.e., navigation, fishing, inactive at sea, in port; the latter provides information of the
energy consumption or fuel consumption by the different engines onboard (main and auxiliaries)
during the different activities (Basurko et al., 2013). In fact, defining a vessel's energy (or fuel
consumption) and activity patterns are key to propose tailored solutions, as they can determine the
efficiency of the solution and the payback period of the investment. Energy audits are seen as the
process to obtain this information (Basurko et al., 2013; Thomas et al., 2010). The energy pattern s, in
most cases, highly related to whether the fishery employs passive or active fishing gears. The active
ones that require towing a gear, such as trawlers or Danish seines, tend to consume most of their fuel
during the fishing mode (> 75 %). The same is observed in trollers that spend most of the fishing trip
sailing at fishing speed while towing the gear. In the case of trawlers, solutions designed to reducing
the fuel consumption while at fishing result the most cost-efficient, for example those aimed at
reducing the drag while trawling. In contrast, purse seiners and pole and liners are more conditioned
by their target pelagic species, which are migratory; hence, they spend a large part of their time and
effort navigatingto thefishing groundsor findingfish, thus navigatingat higherspeeds. This translates
in presenting higher fuel consumption during the navigation stage; hence, solutions such as route
optimisation and slow steamingmay be most suitable (European Commission et al., 2022).

Research in this topic started in the 1980s but peaked in the late 2000s, thriving after worldwide fuel
crisis events. Nonetheless, despite the funding opportunities and different efforts at international
levels, the implementation of energy efficient solutionsis still low within the fishing industry worldwide
(European Commissionetal., 2022).
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2.2. Bestdecarbonisation practices infisheries

Thereis a wide range of energy efficient solutions that can be applied to startdecarbonisingfisheries

(Figure 2, Table 2). Such solutions may be clustered in four main groups (European Commissionet al,
2022):

(1) Strategy: solutions linked to howthe fishing vesselis operated.

(2) Vessel structure and equipment: solutions focused on the vessel structure and onboard
equipment (savingsduring the whole trip duration).

(3) Fishing gear: solutions applied toimprove the energy efficiency of fishing gears (savings only
during thefishing phase of the trip).

(4) Increasing catchability.

Reducing the fuel intensity by focusing on increasing catchability (option 4) is directly linked to the
status of fish stocksand policies related to the exploitation of fish stocks, i.e. CFP. Due to this being out
of scopefrom the present report, it has been omittedfrom the descriptionof solutions.

Not all solutions are currently available in the market or present high technology readiness levels
(TRL). The ones described below either have been tested orimplemented onboard fishing vessels or

arelikely to be available in the short-term (European Commission et al., 2022).

Figure 2: Energy efficient solutions suitable for fishing vessels

Solutions to improve Solutions applied to the vessel’s
the onboard strategy structure and onboard.equipment
) Vessel . .
* Energy audits * Low emission engines and
+ Energy monitoring devices Strategy structure & innovative propulsion plants
+ Slow steaming equipment Alternative fuels

* Route optimisation Heat recovery systems

Ducted propellers

Decarbonisation &

L A

energy efficiency Bulbous bow
Alternative antifouling coatings
LED lighting
Fishi
Solutions linked to 'shing Catchability B
= fishing gears el - Increase catch -
+ Lighter ground-gears + Improvement of fish stocks to
» Floating trawl sweeps MSY, increase catch per unit
* Rolling wheels for trawl shoes effort, fishing capacity, etc.

* Pulse trawling
* Remotely controlled trawl doors
+ Fishing nets made of alternative materials

Source: adapted from European Commission etal. 2022,p.91.

2.2.1. Solutionstoimprovetheonboardstrategy

Energy audits: determine the energy performance of a fishing vessel (Cheilari et al., 2013; Guillen et
al., 2016; Nottiand Sala, 2014), i.e. how energy is consumed onboard, by which energy consumers, and
during what activities (navigation, fishing, in port orinactive at sea) (Basurko et al., 2013). Based on the
results of the energy audits, activity and energy patterns can be defined, and consequently tailored
energy saving solutions including their payback period can be drawn. Despite not being very
widespread along European fisheries, some of the Spanish and Italian, even Australian fisheries have
benefited from them (Basurko et al., 2013; Sala et al., 2022; Thomas et al., 2010). EMFF and some
working programmeshavetried to boosttheirimplementation. Whereas energy audits donotproduce
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a direct fuel saving, they are together with onboard energy monitoring devices, a key instrument to
measure therealsaving of a solution.

Energy monitoring devices: these devices provide areal or simulated fuel or energy consumption of
fishing vessels. The real measurements are based on fuel flowmeters or torque metres, and the
simulations (a low-cost version) are based on the fuel consumption / RPM cubic curve of the engine,
normally drawn from engine manufacturers or sea tests. They usually monitor the fuel consumption
and other variables of the main engines, but in some instances also of auxiliary engines. The
information provided by thesedevices is very useful for shipownersand skippersto keep a record and
a better control of their consumptions and savings. Only by making skippersaware of the relative fuel
consumption (i.e. L fuel/nautical mile) of their vessels Basurko et al. (2013) and Notti and Sala (2014)
reported fuel savings between 5to 15 % Despite their use is not commonin small-scale fisheries, some
larger fishing vessels such as tropical tuna purse seinersare currently using them to control the vessels
but also their fleet consumption (Basurko et al., 2022b).

Slow steaming: this simple solution implies reducing the navigation speed until the optimal service
speed. Itis mostly applicable for those fishing modalities (e.g. purse seiners, gilinetters, handlines, and
pole and lines) thatare engaged in large navigation distances to fishing grounds; hence, large part of
the fuel consumption occurs during navigation. The premise to apply this measure correctly is that the
optimal service speed is known, which depends not only on the propulsion engine but also on the
vessel's design and retrofits. Energy monitoring devices together with sea tests are a perfect
combination to define this optimal service speed.Slow steaming may slightly increase the duration of
the trip. Therefore, to assess the suitability of this solution, shipowners would need to balance the
benefit of reducing the fuel consumption, in comparison to areduction in fishingincome (Basurko et
al.,2013). A fuel saving of 15-20 % of the total fuel consumption of afishing trip was reported by Basque
purse seiners and trollers (by not exceeding 8.0 and 9.5 kn, respectively) (Basurko et al., 2013). The
savings compensated the potential reduction of fish caught and the extended arrival time as they are
still applyingit.

Route optimisation: based on accurate and timely characterisation of global sea state, weather
conditions and currents, an optimal route is proposed by an algorithm to make the mostfuel-efficient
trip to the fishing grounds. While route optimisation is quite common in the shipping industry, the
planning and optimisation of routes for fishing grounds are not widely spread in the fishing industry
(Granado etal.,, 2021). Nonetheless, route optimisationdevices have startedto be testedin the tropical
tuna purse seine fleets, which incur in large navigation periods, under the name ‘fishing route
optimisation decision supportsystems’ (Granado et al., 2021). Savings generated by these devices are
expected but yet to be published.

2.2.2. Solutions appliedtothe vessel’s structure and onboard equipment

Propulsion systems: a typical propulsion system consists of several components,including the diesel
engine, shaft, a gear box system, and a propeller.In general, ship propulsion improvements can lead
to reducing fuel consumption by 5 to 10 % (Notti and Sala, 2014). The replacement or modernisation
of the propulsion system (e.g.vessel electrification, hybrid plants, dual fuel engines, retrofitted engines
for alternative fuels), however, implies an extensive retrofit (i.e. high investment costs), and it is often
considered a big challenge by fishing companies.

¢ Low emission engines: Replacing or modifying an old engine by a more efficient alternative is
supported by the EMFAF (Articles 18and 19) for vessels up to 24 m length, and under certain
criteria. To be eligible, shipowners need to ensure thatthe same or less (certified) engine power
is maintained and report a CO; emission reduction of 20 %, which must be subject to a physical
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verification. When the performance comparison between old and new engines cannot be
made, other verification alternatives should be undertaken.

Thefisher requesting funding should demonstrate that:

o thenewalternativeincludes an energy efficient technology and thatthe age difference
betweenthenewandold engine system is of at least 7 years;

o the type of alternative fuel or the new propulsion system emits less CO. than the
replaced engine system;and

o theMember State measures that the new engine emits 20 % less CO- or uses 20 % less
fuel than thereplaced engine under the normalfishing effortof the implicated vessel.

Evenifthe GTs areincreased with the retrofit, the replacement will be eligible only if the overall
fishing capacity of thatvessel's fleet segmentis notincreased by the prior withdrawal of at least
the same amount of fishing capacity without public aid from the same fleet segment and the
(certified) engine power is not increased.Although not economically supported by the EMFAF,
replacing, or modifying an old engine is possible in all vessels (at any length), but only if the
engine power and the GT are notincreased.

Hybrid energy plants: hybrid diesel-electricengines and propulsion plantsare alternatives to
traditional marine diesel engines. They supportseveral operating modes, to match speed and
auxiliary requirements, enabling flexible and fuel-efficient operation (European Commission et
al.,, 2022). Diesel electric systems may provide on average savings of 10 % (Gabrielii and
Jafarzadeh, 2020). When batteries support the propulsion, 5-25% of emission reductions are
expected; however, they require space onboard, which is often difficult to obtain. Likewise,
retrofitting existing vessels with new propulsion systems requires bigger fuel tanks or battery
pack rooms, storage and use safety conditions, drafts and weights, energy conversion costs,
the approval of the authorities, etc. Due to onboard space limitations, vessels’ autonomy is
compromised, thus, short fishing trips close to the port may be the most appropriate for such
systems, e.g. those using passive gears (gillnets, longlines, pots, etc.).

Heat recovery systems: waste heat produced from exhaust gases and cooling water of the
engines can be recovered by using steam turbines or heat exchangers for power generation
with an estimated fuel savingof 9-10 %. Some authors have evenseenthe possibility to recover
it into cooling systems by using sorption technologies (Palomba et al., 2017), with 1% saving
for cold heat recovery (fromtherefrigeration system). In the frame of the EfficientShip project,
one of such systems, the OrganicRankine Cycle, was installed onboard an Irish coastal trawler
and obtained a 5-10 % GHG emission reduction. Yet, this solution implies challenges in relation
to waste heat availability and sizing of heating and cooling equipment (Gabrielii and
Jafarzadeh, 2020).

Alternative energy:

LNG is being promoted in Norway, where its fishing vessels are being retrofitted to this fuel
type (Gabrielii and Jafarzadeh, 2020). LNG fuel is estimated to reduce 20-25 % GHG emissions.

However, the use of LNG as fuel presents several difficulties such as high initial cost of
conversion (25% more compared to oil-fuelled vessels), complexity, safety, and additional
training needs to operate it safely (Jafarzadeh et al., 2017).

Recycled waste oils from automotive lube oilhave shown to be valid for fishing vessels. Tests
onboard commercial Basque bottom otter trawlers provided promising results to reduce NOx
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emissions by 15 %; however, this trend was not observed in GHG emissions, which resulted in
limited reductions (Gabina et al., 2019; Uriondo et al., 2018).

e Other fuels: hydrogen can be used as a fuel for a combustion engine or as a fuel cell for
electricity, and a 75 % emissions reduction may be obtained. Methanol may provide a GHG
emission reduction of 10 %. Likewise, some biodiesels (e.g. hydrogenated vegetable oil) are
expected to reduce the GHG emissions by 50 % (Gabrieliiand Jafarzadeh, 2020).

e Renewable energy: wind-power is currently being used in shipping (http://bound4blue.
com/en/). The use of sail assisted propulsion was studied for a coastal Scottish seine/trawler
(27 m length) with positive results; onboard tests reported a potential annual saving of 20-
25 %. Similar results were obtained for large German freezer trawlers (140 m) by using a
Skysail™ solution based on kites. Nonetheless, a high investment cost (EUR 600 000) was
needed (2008 data). The propulsive potential willdepend on the type of sailusedand the wind
speed and angle (Schau et al., 2009). It should also be noted that the use of wind-assisted
propulsion mightaffect the routinesonboardand require a motivatedand skilled crew (Ziegler
and Hansson, 2003). Likewise, renewable energy (solar, wind) can also be used to power
consumers onboard fishing vessels, when equipped with batteries to facilitate the storage of
energy (Gabrieliiand Jafarzadeh, 2020).

e Electricity: hybrid propulsion systems (diesel-electric). Coupling a diesel engine with an
electric one is especially useful when vessels have large electricity demands, such as trawlers
and or ships with a large variation in their operation profile (Gabrieliiand Jafarzadeh, 2020). In
2021, a 22 m diesel-electric trawler vessel was delivered to a Brittany fishery (Baird Maritime,
2021), results are yet to be published.

Magneticdevices: these devices can be usedfor fuel treatmentto improve the combustion, by helping
align the fuel ions into straight chains. Tests carried out under real operation conditions onboard
Basque commercial bottom otter trawlers indicated 2-6 % savings (Gabifa et al., 2016; Notti and Sala,
2014). Despite this saving being marginal in comparison to those suggested by manufacturers, they
still provide a suitable and cost-efficient solution to reduce fuel consumption, as they do not require
major structural changesonboard.

Frequency converters: these devices convert the fixed-frequency of the alternating current provided
by the auxiliary engines into a variable frequency (i.e. variable-voltage output used to control speed of
induction motors) used by electricity consumers onboard, such as condenser pumps, ice-making
machine compressors, or refrigerationseawater pumps of the main engine. Tests conducted onboard
commercial fishing vessels observed saving of 8% (Lee and Hsu, 2015). However, these savings will
depend on therunning hoursofthe alternatorper year.

Ducted propeller: ducted propellers, common in trawlers, contribute with more towing power and
efficiency at low engine speeds (Martelli et al., 2017). Well-designed ducted propellers can provide
savings of 15-30% (Sala et al., 2012; Van Marlen, 2009).

Antifouling coatings: avoid the growth of fouling organisms on ship hulls that can lead to fuel
consumptionincrease to keep the speed and navigation settings (Selim et al., 2017). Two options are
currently available for fishing vessels. Firstly, foul release coatings and a new generation of silicone
hydrogel foul release are useful for vessels with idle speeds over 15 and 13 kn, respectively, such as
tropical tuna purse seiners. In contrast, the second option, fluoropolymer-based fouling release paint
has shown to be effective at lower idle speeds, as tested onboard Mediterranean bottom trawlers with
a fuel saving of 11 % at idle speeds less than 11 kn. This saving remained the same after 2 years of
applying the antifouling (Nottiet al., 2019).
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Bulbous bow: these appendages contribute to improve the hydrodynamic optimisation of the vessel
by reducing the drag force of the hull when cruising. The selection of a bow must be based on a
thorough study of the activity pattern of the vessel and its working speeds and will be specific to a
particular hull and vessel. Bulbous bows are more common in large vessels but could be installed in
small-scale vessels too (i.e. www.flowbow.no). An optimised bulb can provide savings of 5-15%
(Basurkoetal.,2013; Tran et al., 2021).

Onboard equipment:

e More efficient consumers, such as LED light for lighting or the use of electric machinery
replacing mechanical-hydraulic counterparts, are suitable solutions forall fisheries. In the case of
LED lights, this no-intrusive solution can save between 0.5-3 % of the yearly fuel consumption of
a vessel (Basurkoetal.,, 2013; Thomas et al., 2010).

e Alternative refrigerants for cooling systems: refrigerant leakages contribute to GHG
emissions. Vessels built after 2004 are obliged by law (Regulations (EC) 2037/2000 and
1005/2009) to replace hydro chlorofluorocarbon R22 refrigerant by a more environmentally
friendly alternative, such as ammonia (Sandison et al., 2021). Changes have started to be
implementedin e.g. Norwegian fisheries (Ziegler et al., 2013).

2.2.3. Solutionslinked to fishing gears

Gear related solutions have been focused on gear’'s drag reduction, mainly on trawl fisheries
(European Commissionetal., 2022).

a. Beam trawl fisheries
Tickler chain beamers:

e Solutions addressing new gear designs: Belgian trawl fisheries have successfully implemented
solutions such as the replacement of the beam by a SumWing (a wing-shaped foil) (European
Commission et al., 2022), which provides a fuel saving of 13-16 % (ICES, 2020; Turenhout et al,
2016; van Marlen, 2012). No substantial changes were observed in the catch efficiency across
species (Huyghebaert et al., 2010). This solution is also in line with using lighter chain ticklers,
which contributes to making the gearlighter and therefore reducingthe contact drag.

e Asolution to reduce towing speed may be to shift from tickler chains to chain mats with a
24 % fuel reduction, change that would imply a towing speed reduction from 6-7 kn to 3-5 kn
(Van Marlen, 2009); nonetheless, this may also imply other changes, such as a change in target
species, landings, economic performance and fishing ground suitability.

Chain mat beamers:

e Belgian fisheries have successfully implemented the replacementof trawl shoes by roller wheels
with a 5 % fuel consumption reduction (European Commission et al., 2022).

Beamers in general:

e Replacement of tickler chain or chain mat by pulse trawl: it consists of stimulating targetfish
electrically with electrodes by inducing electric pulses instead of using a mechanical stimulation
generated by tickler chains, bobbins, or chain mats. This technology showed increased target
catches and reduced fuel consumption due to theuse of lighter gear and towing speed (Poos et
al. 2013), thus, it was widely implemented (Haasnoot et al., 2016). It was further refined by the
integration of the SumWing (combination known as ‘pulsering’) instead of the beam on tickler
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chain beamers which further reduced fuel use for large vessels by 40 % (Taal and Klok, 2014).
However, since July 2021 its use was banned following political debate and voting in the
European Parliament(European Union, 2019).

Others: use of outrigger trawl or switching to other active or passive fisheries such as twin rig
otter trawl, Danish seining, fly-shootingor set nets are otheralternatives (European Commission
et al.,, 2022). While these gears may provide a fuel saving (40-70 % using outrigger trawl), they
may also reduce the catch efficiency for sole species. In addition, shifting from active to passive
fisheries would mean restructuring the whole fishery, including the fleet, crew and overall
landings and economic performances, and policy support.

b. Bottom trawl fisheries

Almost half or more of the drag produced by a bottom otter trawlis due to the netting (45-63 %); 20-
24 % due to the otter boards, and 4-12% to the ground gear (Khaled et al., 2013; Valdemarsen and
Hansen, 2006; Wileman, 1984). The number ofimplementation examples onboard otter trawl fisheries
arestill limited and often the TRL of the solutions is low or have not been testedonboard.

Alternative trawl gears:

New design of otter trawls: Computational Fluid Dynamic (CFD) models indicate that new
designs of otter trawls have a potential for fuel saving, but their TRL is nonetheless low. These
arethe cases of ‘redesigned otter trawls’ that use an automatic optimization procedure for panel
cutting with a 16-52 % of fuel saving (Khaled et al., 2012) and W-trawl with a fuel saving of 8 %
(Balash etal., 2015a, b), or Warp length optimization (8 % fuel saving). The effect on catch has not
been checked yet.

Change from demersal to semi pelagic trawling doors: selecting a more hydrodynamic otter
boards by lifting them off the seabed has been pointed as one of the most interestingsolutions
by fishersin a survey taken across Europe (European Commission et al., 2022). Tests of this idea
onboard commercial Basque otter bottom trawler reported a 7 % fuel saving during fishing
(Basurkoetal., 2013).

Remotely controlled trawl doors: trawling operation using electric equipment to control the
opening and displacement of the trawl door can reduce fuel consumption by more than 15 %
(European Commissionet al., 2022) and have a better gear control (ICES, 2020).

Midwater trawls:

Two solutions have been reported for midwater trawls regarding net modifications:

e The use of helix ropes that would allow maintain the same mouth opening but reducing the

doorssize, thus making the gearlighter (Kebedeet al., 2020).

e Optimising the net design by using hexagonal meshes, Dyneema as nettingmaterial or slotted

typetrawldoors, togetherproving a fuel saving of 17 % as calculated by CFD models (Lee et al,
2018).
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Table 2: Examples of market ready energy efficient solutions

Solutions Effect on* Fuel Target fishing modalities**
P saving(%) SM PG PS TL T1 T2
STRATEGY

Energy monitoring

Energy audits X | x| x| x -

Energy monitoring devices X | x [ x| x 5-15

Route optimisation

Slow steaming X 15-20 X

Route optimisation device X NA X X X

VESSEL STRUCTUREAND EQUIPMENT

Engine related

Lowemission engines X 20 X X X X X X

Diesel-electric energy plants X | x X 5-25 X

Shore-power electricity X NA X

Heat recovery system X | x X 5-10 X X X X

Alternative energy X | X X 10-25

Ducted propellers X | x 15-30 X | x X

Magneticdevices X | x 2-6

Frequency converters X | x 8

Hull related

Alternative antifouling X 1

Bulbous bow X 5-15 X X

Energy consumers

More efficient consumers [ x [ x| x|x] 053 [ x| x| x| x| x]x

FISHING GEAR

Trawl gear design

Rolling wheels for trawl shoes X 5-16 X X

SumWing 11-12

SumWing with pulsering X 40 X X

Pulse trawling X 35-54 X X

Shift from tickler chain to chain

mat with roller wings X 24 X X

Alternative nettingdesigns X 2-40 X | x

Semi pelagic trawl doors X 7

Remotely controlled doors X >15 X X

Source: own elaboration

Note: * Effect on: N- navigation, F —fishing; | - Inactive at sea; P — in Port.
** Target fishing modalities: SM - small scale, PG - Passive gears (gillnetters, longliners), PS - Purse Seiners,
TL - Trollers, T1 — Coastal Trawlers, T2 — Long Distance Trawlers
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2.3. Barriersand possible mitigation solutions

Thefishing sector is only aware of about 50 % of all the potential technological solutions applicable to
fishing vessels (European Commission et al., 2022). Solutiontransferfromresearchto thefishingsector
is low, even once successfully tested and implemented, fishers may stop using them because they
prefer traditional or known technology, and to a lesser extent because of the end of subsidies or the
new technology requiring extra efforts from fishers. This may be due to five main groups of barriers:
economic, human, regulation-related, technological, and information barriers (European Commission
etal, 2022).

2.3.1. Barriersimpedingtheimplementation of energy efficient solutions

a. Economicbarriers

e Lack of subsidies or funds to invest on energy efficient solutions: the increase of fuel oil
prices and the availability of funds to invest in energy efficiency solutions are the two most
important reasons thatmake fishers optfor energy savingsolutions (European Commission et
al., 2022). Without the funds, fishers may have difficulties to cover the high investment and
implementation costofthe solutions.

¢ Funding available but only for purchased technology. Some funding schemes require
advance paymentfor the technology. Moreover, asking for aloanimplies a long procedure and
to pay interests, which is seen as a barrier by fishers (European Commission et al., 2022).

¢ Funding available for research projects but not enough to compensate fishers. Public
funding is available for research projects (e.g. EU missions in Horizon Europe), in which tests
onboard can be undertaken. However, these projects often do not include economic
compensation to covertheriskstakenby shipowners that maylead to lack of acceptance.

¢ High investment/implementation costs. Some of the solutions, especially those requiring a
structural change, imply a high investment cost. Thus, investment costs may slow down the
implementation of these technologies, mainly in small-scale fleets that usually have a lower
turnover (European Commissionet al,, 2022). In addition,when anapproximate payback period
is unknown, this uncertaintyleads to a lower willingness to invest.

e Market is not ready for energy efficient fisheries. Investing in energy efficiency should be
reflected in the market price of fish, at least to compensate for the extra effort to be more
environment-friendly and differentiate mindful fishers from those they are not. However,
neither sustainablefishingrelated labels normarkets orconsumers haveadopted any measure
to host energy efficient fisheries or demand fish products with a small carbon footprint (Alma-
Maris, 2023; Parker and Tyedmers, 2015).

b. Human barriers

¢ Traditional sector: fishing, although evolving, is stilla quite traditional sector. This resultsin a
lack of proactivity towards innovations, making the sector reluctantto try new alternatives
(Nottiand Sala, 2014), unless the technology is used by other relevant members of the fishing
community thatservesas anincentive to encourage others to useit.

¢ Shipowners and skippers have different objectives: skippers thatarefishing vessel owners
(as often is the case in artisanal-vessels) are more likely to manage the vessel more energy
efficiently than company-hired skippers (Abernethy et al., 2010; Basurko et al., 2013).
Shipowners tend to consider several aspects (e.g. distance to port, weather) to minimise the
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fuel consumption (Bastardie et al., 2013). Onboard large vessels (i.e. tuna purse seiners or
trawlers) catch prevails overenergy consumption, and though shipowners are conscious of the
need to reduce fuel costs, skippers prioritise the catch as their salary is often proportional to
the tonnes of fish caught. Hence, fuel consumption is not so important for skippers in their
decision-making (Bastardie et al., 2013; Groba et al., 2020).

The lack of collaborative work with end users. Often solution prototypesare developed by
R&D&I institutions or by manufacturers and their validity is tested onboard at final stages of
their TRL. This may generate reluctance towards the solution, lack of transparency, and low
technological transferprocess (Jafarzadehand Utne, 2014).

c. Regulatory barriers

National and European regulations sometimes are not aligned or go at the same speed:
some national legislations are not fully aligned or take longer to change in comparison to
European regulations. For example, retrofitting or modifying engines for fishing vessels in
Greece, is stillnot allowed by law, as the policy that regulates this hasnot been changed since
the 60's. Therefore, even if EMFAF promotes this solution, unless national production
programmes include them and by law make them eligible, they will not be implemented
(European Commissionet al., 2022).

Solutions may increase GTs or engine power (kW) of the vessel. Some solutions mayimply
anincreasein engine power orGT increaseas they are heavier and largerthanthe counterparts
(e.g.alternative enginesor propulsionsystems).The ‘capacity ceiling’is allowed by the EMFAF,
under certain conditions. As long as they remain within the capacity ceiling, it willbe up to the
Member State to decide how to make the system operational (NSAC 2022). Nonetheless, the
definition of capacity should berevised to allow the EU fishing fleet to adapt to environmental
and social challenges without increasing the ability of the vessel to catch fish (NSAC, 2022).

Only small-scalefisheries eligible for funding (in EMFAF): existing larger vessels (more than
24 m length) also need to decarbonise; however, the lack of funding for such fleet segments
hinders theirimplementationonboard.

High administrative burden for asking for funds for implementing solutions: small-scale
fishing vessel owners, especially pointed this as deterrent to request funding for vessel
innovations (European Commission et al., 2022). In a previous study, Ballesteros et al. (2019)
also found out that energy efficiency and mitigation of climate change were measures of
EMFF’s of Union Priority 1 that were underperforming in terms of absorption rate of the fund®
due to a combination of admissibility criteria and low aid intensity. In other EU funding
schemes, such as EU missions in Horizon Europe, LIFE programme, etc., the processto have an
end-user of technologies within a project consortium requires not only much paperwork but
also a considerable time effort. As aresult, unless they were a medium or large company with
several vessels and administrative staff familiar with the funding process, participating in EU
projects is often avoided.

Fishing industry is (mainly) exempted from IMO’s regulatory framework: fishing industry
is exempt from global shipping emissionsinventories such as the IMO’s GHG Studies (Faber et
al., 2020).

5

Defined as the executed EMFF contribution compared to the total programmed.
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Table 3: Barriers of decarbonisation and linked to mitigation measures

Barriers
(linked to section 2.3.1)

Training

Mitigation measures (linked to section 2.3.2)

Labelling
Funding
Showcase
Objectives
Engagement
Redefinition
Interaction

Certifications

Economic
barriers

Lack of subsidies/funds to invest
on energy efficient solutions

. Accountability

Funding available but only for
purchased technology

Funding available for research
projects but not enough to
compensate fishers

High investment/
implementation costs

Market is not ready for energy
efficientfisheries

Human
barriers

Traditional sector

Shipowners and skippers have
different objectives

The lack of collaborative work
with end users

Regula-
tory barriers

Regulations sometimes are not
aligned or go at the same speed

Solutions may increase GTs or
engine power (kW) of the vessel

Only small-scale fisheries eligible
forfunding (EMFAF)

High administrative burden for
asking for funds forimplementing
solutions

Fishing industry are (mainly)
exempted from IMO’s regulatory
framework

There is no one-fit-all solution

Techno- Space limitation onboard and
logical increase of GTs
barriers Barriers related to  port
infrastructure
Misleading information or lack of
information on technologies
Low knowledge transfer from
Information manufacturersto end users
barriers Poor communication among

stakeholders

Wrong message is passed about
the technology

Source: own elaboration
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d. Technological barriers

There is no one-fit-all solution: not all solutions are valid for all fisheries, and evenif they were
suitable, the activity and energy pattern would have to indicate the real potential for a
particular fishing vessel. If this information is unknown, selection of solutions will be done
blindfolded. Often the poorinformation provided by the manufacturersand even policymakers
canresultinamisleadingmessage, assolutions need to be adjusted tothenature of the fishery.

Space limitation onboard and increase of GTs: some solutions such as retrofitting existing
vessels with new propulsion systemsand alternative oils require biggerfuel tanks, battery pack
room, storage and use safety conditions, drafts and weights, energy conversion costs, the
approval of the authorities, amongst others; hence it most probably will increase the vessels
GTs.Forexample, engines using LNG, methanol, biodiesel, H,,and NHs will require anincrease
of1.7,2.4,1.2,4.5,2.7 % (volume ratio), respectively, compared tomarine diesel engines (MESD,
2020). These aspects should be easier to plan in new builds, but requires careful consideration
in retrofitting cases (Alma-Maris, 2023).

Barriers related to port infrastructure: new smart-grid infrastructuresin ports (e.g. charging
station, LNG storage, marketing logistics) are needed to switch from fossil fuels to greener
energy sources and carriers. Thus, ports and harbours must be adapted to foster facilities that
provide the alternative fuel bunkering or electric power supply points for such alternative
propulsion systems. This has been promoted by COM(2021) 559 but given the complexity it
seems that it would need to bealongterm solution.

e. Information barriers

2.3.2,

Misleading information or lack of information on technologies: some stakeholders
indicated that the information available on solutions is poor and not handy (does notreach the
end-user) for the decision-making.

Low knowledge transfer from solution manufacturers to end users.
Poor communication among stakeholders.
Wrong message (or not the adequate one)is passedabout the technology (e.g. if saving occurs
during navigation,fishing, duringall thefishing trips, etc.).
Mitigation solutions

Improve training to bridge the gap between the innovations and their use, and promote
knowledge transferto the sector. New solutionsrequire qualified crew and managers.

Improve the labelling or information sheets of the solutions (as products) by defining which
fleets are most appropriate for the solutionsor provide a more accurate saving estimate based
ononboard testing.

Enlarge the funding opportunities to other energy efficient solutions, beyond engine
replacement or modificationor adding a bulbous bow and small-scale fisheries.

Promote and showcase commercial fishing vessels to test energy efficient solutions and
exchangeinformation within the sectorto tryto revertthe opposition towards solutions.

Promote the settingof clear objectives relating not only to catch but alsoto fuel costs by firm-
hired skippers, instead of prioritising the catch to assess the performance of a skipper.
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2.4.

2.4.1.

Engage end users at the beginning of the development willimprove theiracceptance and help
toadaptthesolutionto the particularities of the targetfisheries.

Improve the accountability of fuel consumption and emissions by fishing vessels by using
energy monitoring devices.

Redefine the capacity (engine power and gross tonnage) that would allow EU fishing fleets
adapt to environmental and social challenges without increasing the ability of the vessel to
catchfish.

Develop mechanisms to promote interaction between stakeholders (scientists, technology
manufacturers, fishing sector) in the decision-making regarding the transition to
decarbonisationofthe EUfishing fleet and to ensure the acceptability of the end users.

Develop label or certifications that include carbon footprint or FUI as a certification criterion
in the scoring systemto benefit those thatapply energy efficient practices.

Conclusions: lessons learnt and expected impacts for the transition
todecarbonisation operations on EU fisheries

Lessons learnt from the decarbonisation efforts

Monitoring of energy consumption and operational profiles of vessels is key:

Before choosing and investing on an energy efficient solution, the first step in the
decarbonisation of the fleets is to have a well-established monitoring scheme of the vessels’
activity and energy consumption.

This monitoring would require installing energy monitoring devices onboard for all engines
andin turn, it would facilitate reporting disaggregated fuel use data according to the vessels
activity and energy pattern (energy consumed by different engines during navigation, fishing
orin port) and have a more efficient fleet management approach.

The information provided by such devices also facilitates the automatic reporting to the
Commission.

The definition of energy and activity patterns willenable:
o todeveloptailoredsolutionsthatare key for a successful energytransition.
o toestimatethereal payback periodofan energy efficient solutioninvestment.

o tohelpshipownersandskippermaking decisions onthe best solutionfor their vessels and
fishing strategies.

Fishers need to be incentivised or motivated to adopt solutions:

Fishing vessels owners, especially those who manage their vessels from land, should provide
incentives to those skippers that engage in energy efficient practices. This may imply a shift
from incentivising skippersbased onlyon their catch to also those saving fuel.

A good communicationstrategy about the solutions isneeded,one thatspecifies the suitability
of the solutions for each type of fishing vessel. This would involve explaining when the saving
will occur, whether during the fishing phase, cruising, or during the whole fishing trip, etc
Thereis no one-size-fits-all solution, and the diversity of fishing vessels makes the selection of
solutions complexwithout a correctinformation.
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e Training, dialogue and cooperation are needed amongst stakeholders (fishing community,
scientists, solution manufacturers,NGOs, nationaland international policy makers) to improve
theknowledge transfer, encourage proactivity, and promote the adoption of responsible user
behaviour towards energy efficient solutions.

Consumerscan act as change-drivers:

e Consumers play an important role when asking for sustainable products from fisheries. It is
important topromote theinclusion of fuel or energy efficiency relatedindicatorsin sustainable
fisheries certification processes.

Energy transition requiresfunding:

e Itis recommended toadd moreflexibility when it comes to financing theinvestment of other
energy efficiency measures that are notincluded in the current EMFAF, if these do notincrease
fishing capacity.

e Energy efficiency is costly. National governments must encourage, guide, and allocate
necessary resources for the transition towards decarbonisation.

2.4.2. Expectedimpactsfromthedecarbonisation of EU fishing fleets

Decarbonisation of the EU fishing vessels in the short-term may imply large investments and need for
adaptation to the new energy efficient solutions. When this is done correctly, it will become a win-win
solution not only for the environment but also for shipowners. In the mid-term, this could representa
more profitable activity, because fuel is one of the main costs in this sector. Aligning with more
sustainable energyand environmental measures can lead the fishing sector to be an example of good
practice.
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3. CIRCULARECONOMY IN EU FISHERIES

KEY FINDINGS

e Circular economy in the fisheries sector have been focused on solutions addressing
smart designs of fishing gear, innovative approaches to reduce the dumping of litter
at sea, marine litter collection, and efficient recycling channels.

e Circulardesign of fishing gear should be one that facilitates an easy disassembly of the
components and materials, uses alternative materials (recyclates, marine
biodegradable, or natural), is recyclable, includes marking of the materials and avoids
the use of mixed materials (e.g. polymers) and harmful materials (e.g. lead), without
compromising the optimised durability and performance of the fishing gear.

e Current portreception facilities for marine litter and EOL fishing gears are not enough
and should be homogenised across Europe.

e Fishing for litter schemes should be easy and not costly for fishers, promoted across
Europe and supported financially.

e Theemployment level in coastal communities can be positively impacted by the need
of personnelto sort, manipulate, and manage the materials coming from fishing gears
at port facilities, and the creation of innovative business to recycle the materials into
products, both fromthe fishing gears or retrieve marine litter.

e Thisincreasing number of initiativesindicates not only a new production model but also
changing consumption patterns in society.

A circular economy aims at “...maintaining the value of products, materials and resources for as long as
possible by returning them into the product cycle at the end of their use, while minimising the generation of
waste’ (Eurostat, 2023). It can be achieved by the following three principles:

(1) eliminating waste and pollution;

(2) circulating products and materials at their highest value, i.e. keeping materials in use, either as
a product or,when that can no longer be used, as components or raw materials; and

(3) regenerating nature by shifting the focus from extraction to regeneration.

This systematic approach can be applied to many steps in a product’s life (Figure 3). Often circular
economy is misunderstood with/and limited to recycling,which is in fact the last stage of the technical
cycle ofthe circular economy paradigm, because it means losing the embedded value of a product by
reducing it to its basic materials (Ellen MacArthur Foundation, 2023).

In order to make products fit for a climate-neutral, resource-efficient and circular economy, as
requested by the EGD; the adoption of a 6R’s approach (Rethink, Refuse, Reduce, Reuse, Repair, and
Recycle)is desirable. This approach is also complementary with designing sustainable products based
on circularity principles. This means designing for recovery (recover and upcycle them to continuein
circulation), adaptation (being able to break down the product in part and prevent obsolescence),
extension (prolong the lifespan of products), restoration (use of materials that are save for the
environment butalso fit for the biological cycle), and prevention (minimal use of materials to avoid
extraction of resources) (Ellen MacArthur Foundation, 2023).
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Figure 3: Circular economy systems diagram showing the circulation of products and
materials in two cycles: organic cycle (in green) and technical cycle (in blue)
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This approach is already embraced by the Commission, which is working on a sustainable product
policy legislative initiative, by making the Ecodesign framework applicable to all product
developments based on sustainable principles (COM(2020) 98).

3.1. State-of-play of solutions for the application of circular economy in
fisheries

The European Parliament stressed in its resolution of 10 February 2021 (P9_TA(2021)0091) that the
circular economy in the fisheries sector should focus on solutions addressing smart designs of
fishing gear, innovative approaches to reduce the dumping of litter at sea, marine litter
collection, and efficient recycling channels. The scientific and grey literature on this subject,
however, is limited, and only few examples of good practices have been found, mainly applied for
larger vessels, rarely for small-scale fisheries. The scientific papers, particularly, deal with the whole
value chain of the fish food, especially with bycatches, fish-waste potential applicationsand solutions,
and with fish food packaging. In contrast, more diversityis found in R&D and demonstration projects,
which have also started to include the circularity of fishing gears and marine litter and end of life
treatments. Besides, there hasbeen a boom in the development of circular solutions that are based on
recycled and upcycled marine litter and EOL fishing gear and their demand by society has grown
significantly (Dijkstra et al., 2021). It must be noted however, that despite thejob employmentcreation
derived from these initiatives, the traceability of these products is often complex to follow because
apart from their goal and final product, no information is provided about their real sustainability
performance, leading to misleading green claims (Andrés et al., 2022). EMFF, FLAG, LIFE programme
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and R&D funding have provided an opportunity to engagefishers into this type of initiatives, not only
as fishers but also as agents related to fisheries and knowledge on fishing gear. The section below
illustrates some of the examples found in grey literature and research projects addressing circular
economy on fisheries (summarised in Figure 4).

Figure 4: Summary of solutions applicable to embrace circular economy practices within

fisheries
Solutions to improve Solutions to engage fishers in the
Circular design of fishing gear collection of ALDFG and marine litter
® Circular ®
* Increase lifespan design of ALDFG & » Fishing for Litter (active and

* Use of alternative materials, e.g. fishing merfne [fer passive)

recycled, biobased, marine gear » Improved governance of lost
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» Ecodesigned thinking also in the in fisheries
EOL stage
Improved Solutions linked to
management Improved management
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Source: own elaboration

3.1.1. Circulardesign of fishing gear

Design is a fundamental stage in the life of a product, as decisions adopted during the design phase
can later affect up to 80 % of its environmentalimpacts. The design stage defines crucial aspects such
as the usefullife of the product, whether it can be repaired, what itis made ofand even how it can be
managed at the end of its useful life (European Commission, 2023b). In the case of fishing gears, the
design must be such that, withoutloss of fishing efficiency, the gear should have:

(i) as long lifespan as possible,

(i) the loss of material at sea must be minimal (if not zero),
(iii)  the materialsused should have low impact; and

(iv)  allows optimal end of life management possibilities.

Allthese considerations together will facilitate that the new generations of gearsare durable, reusable,
upgradable, and reparable and contain limited hazardous chemicals and likewise, contribute toenergy
andresource efficiency.

To address thisneed in anorganised manner, the Commissioncommissioneda study on circulardesign
of fishing gears and reduction of environmental impacts (MRAG, 2020), a key study which eventually
laid the first cornerstone of what was to become a possible future standardisation request for the
circular design of fishing gear (Draft Commission Implementing Decision amending Implementing
Decision C (2021) 739).

Has as long a lifespan as possible: the design of the gear should prolong its service life; hence,
minimise the need to conduct reparation of the gear or its full replacement. Commercial fishing in
particular entails catching largevolumes of fish;thus, gears endure high tensions during operation and
friction with machinery and the sea bottom (in the case of trawlers). Consequently, repair and
replacement of material takes place eventually. However, the duration of a gear is fishery dependent.
For example, a couple of studies conducted on EOL fishing gears in Spanish ports, estimated that
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gillnets, which are rarely repaired, have a life span of 3 years and small-scale purse seine nets are
continuously repaired and can last decades (Basurko et al., 2022a). In contrast, the purse seine nets
used in tropical tuna purse seiners, despite being also repaired frequently; they arereplaced fully every
2-3 years due to the high forces they are subjected to (Andrés et al., 2022). Innovation in the
development of materials, fibres, design, and construction of netting, ropes and assemblage may
greatly contribute to this end. For example, employing materials with high tenacity that allow
reduction of the diametersof the twines and the use of knotless netting reduce towingresistance, thus
reducing the need to repair and replace components as frequently, and consequently reducing idle
materialand costs, and even fuel use.

The loss of material at sea must be as low as possible (if not zero): therisk of losing the gear at sea
dueto bad weather or even during usualfishing operationsis high (Richardson et al., 2021). Loss at sea
can be prevented to some extent using materials with high tenacity, thus reducingbreakage and loss
of materials, or even sections. For example, demersal seine ropesare estimated to lose 20-30 % of their
plasticmass (lost as microplastics) every season (which lasts for approximately sixmonths) because of
wear and tear; or in the caseof dolly ropes in the North Sea, it has been estimated that 25 t of dolly rope
threads end up in the ocean yearly (Gilman et al., 2021). Making the cover of the seine ropes
biodegradable in the marine environment or making dolly ropes more durable could reduce their
environmentalimpact (DollyRopeFree, 2023; Syversenetaal., 2022). In addition, a smart design of gear
with easily dismounting sections and the support of technological devices may allow identifying
damaged sections easily and may facilitate reparation onboard, thus preventing loss at sea, and
creating the need to bring nets to land. Tagging the gears with electronic devices can allow tracking
lost gear so theycan be recovered by the vessel. Anidea encompassinga participatory approach tothe
problem of ALDFG is the engagement of the fishing sector as guardians of the seas, so they can
contribute to retrievemarine litter including ALDFGand earn someincome.

Materials used should have low impact: gears are made of several materials, often combining 13
polymers e.g. polyethylene, polypropylene and polyamide, but of other materials such as metals (sinks,
lures, rings, etc.), and floats made of polystyrene and other materials (MRAG, 2020). This varied
composition together with the impurities (scales, sand, etc) and contamination present (e.q.
antifouling coating) in the nets make theirdisassembly and recycling quite complex.

Optimal possibilities of the fishing gear at the end of its life: Sections of the net should be easily
dismounted, cleaned, and materials easily classified for furthercircular use in other industries. In some
cases, classification of fibres is quite straightforward, e.g. in the case of purse seine netting material
which are predominantly made of polyamide could be more easily classified, while ropes made of a
mixture of fibres will imply more difficulties. A possible solution could take place in the production
process of the fibre by employingcolourmarking, thusfacilitating identification of the fibre employed.
Innovative design of gear requires further multidisciplinary research on gear design, involving
participation of skippersand gear technicians.Funds provided by EU funded research programmes, or
supported by the EMFAF,can provide financial back up to these kinds of initiatives.

Some of thecircular design solutions applied to the fishing industry are mentioned below.

e Aquaculture longline ropes made of recycled polyamide and Polyolefin-based fishing
nets: EMFF funded the BLUENET project (https://www.bluenetproject.eu/) for developing
longline ropes made out of recycled fishing nets. The ropes were tested under real conditions
at an offshore aquaculture site (Mendexa, Spain). The circular ropes showed similar technicl
properties, improved environmental impact but were 2-4 % more expensive than commerdal
counterparts were. The consortium included a fishing gear manufacturer as partner.
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e Biobased materials for fishing gears: Biobased and biodegradable polymers are also being
used to produce fishing and aquaculture gear. The DSOLVE project (https://uit.no/research/
dsolve-en) is currently producing and testing different biodegradable plastics for marine
applications, including gillnets, pots and traps, longline ropes, dolly ropes, demersal seining
ropes to reduce the contribution of these fisheries to marine litter and microplastics. The
Glaukos project (https:/glaukos-project.eu/) also presents a similar objective and is currently
developing biobased fishing gear and eco-friendly fishing gear coating with increased
biobased content. Likewise, the INAIGO project (https//indigo-interregproject.eu/en/) aims at
developing fishing gear that is biodegradable in the marine environment, and at improving
the recycling of fishing gear at the end of its life. All the above mentioned projects include a
commercial fishing partner or gear manufacturer in the consortium to create, test or validate
the new prototypes.

e Alternative designs for dolly ropes: the ‘DollyRopeFree’  project
(http://www.dollyropefree.com/) aims to reduce the marine litter contribution from trawling
fisheries using dolly ropes. To obtainthis, two approachesare tested:

o The use of alternative materials, such as natural (e.g. Yak leather) and biodegradable
materials (e.g. PLA, Solanyl) or other materials (e.g. Polyurethane) thatare less prone to
wear and tear, instead of conventional polyethylene threads;

o alternative designs for net protection in another formthanstrings butwith the same kind
of protective propertiesas conventional strings.

3.1.2. Collection of ALDFG and marine litter by the fishing sector

Sustainable exploitation of fisheries requires an ecosystem-based fisheries management approach
(Howell et al., 2022; Curtin and Prellezo, 2010). The scope of this managementshould not be limited to
the stock sustainability; it should also address other anthropogenic pressures such as their carbon
footprint and plastic pollution as fisheries have become sources and sufferers of such pollution
(Bastardie et al., 2021; Basurko et al., 2022c¢). According to Van Acoleyen et al. (2013), the damage
produced by marine litter in European fisheries is equivalent to 1% of their annual fishing revenues.
Fishery related fishing litteris high in certain Europeanregions suchas in the Bay of Biscay (Veiga et al,
2016; EEA, 2016), where 55 % (in weight) of the coastal floating marine litter is fishing related, and
constitutes 19 % of the seafloor litter (Ruiz et al., 2020; Spedicato et al., 2023).

Discarding unusable fishing gearoverboard is prohibited; fishingvesselsare obliged to notify national
authorities or report (according to MARPOL 73/78 Rule 7, Annex V) when they lose fishing gear and to
carry onboard the necessary equipment to retrieve it (Drinkwin, 2022). Even if the loss is involuntary,
fishers are obliged to attempt to retrieve and, if unsuccessful, report it. However, discarding fishing
gear at sea is still a practice in some regions of the world (Richardson et al., 2018). In Europe, losing a
complete gear set s rare, but it can occasionally occur especially as a consequence of bad weather, bad
practice (e.g. badly tied to the vessel), poor gear maintenance, interactionswith other fishers or fauna,
or getting stranded or stuck to the seabed (Olsen et al.,, 2020; Richardson et al., 2021). It is also quite
common to reuse the old fishing nettingto patch material in net repairs (Richardsonet al., 2018).

Some of the solutions engaging fishers and their role in the retrieval of EOL fishing gear and marine
litter are the following:

o Fishingfor litter (FFL): fishers’ attitudes (how they perceive and influence their behaviourand
practices) towardsmarine litter anddiscarding EOL fishing gears hasshifted in the last decades
in Europe thanks to awareness campaigns (Olsen et al., 2020). FFL schemes are seen as a
solution to engagefishers in marinelitter removal from the sea;it also servestoraiseawareness
onthe protection of the marine environmentwithin thefishing sector. Underthe FFLumbrella,
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fishers are equipped with big bags or bins to store the collected litter onboard, and port
facilities (bins, cages) are placed in ports to collect the landed litter.

e There are two types of FFL: active (fishers are paid for doing it) and passive (it is doneon a
voluntary basis) (Andrés et al., 2021).

o Oneexample of active FFL is located in the South-East Bay of Biscay, in the Atlantic border
between France and Spain, where local authorities subcontracta fishing vessel from Saint
Jean de Luz (France) every spring and summer to clean the coastal area comprised
between 300 m until 3 nm away from the coast (Andrés et al., 2021; Ruiz et al., 2020). The
active FFL, which is recommended for small-scale fisheries due to their low operational
costs, is compatible with the fishing activity. In fact, it can be seen as a diversification
opportunity for their economic activity (Andres et al., 2021). However, fishers will only
accept this solution if their main economicactivity (i.e. fishing) is notinterrupted (Andres
et al,, 2021). Likewise, the activity is attractive to local authorities if the region is prone to
accumulate marine litter, as it is the case of the South-East Bay of Biscay (Basurko et al,
2022¢).

o Incontrast, passive FFL, started by KIMOInternationalin 2002, has gained importance and
practitioners across Europe. The fishing sector from the UK, Germany, Norway, Ireland,
Greece, Netherlands, Croatia, Italy, Spainand othersare currently orhave been involved in
passive FFL in the past. It has played a major rolein theinclusion of marine litter as a new
waste category — passively fished waste (i.e. ‘waste collected in nets during fishing
operations’) —under therecently adopted EU port reception facilities Directive (Mannaart
and Bentley, 2022).

¢ Improving the governance of lost fishing gear: One of the solutionsin high TRLs is the one
proposed by EMFF funded project NetTag (https://nettag.ciimar.up.pt/), which developed a
technological solution based on acoustic sensors and an autonomous remotely operated
vehicle in order to locate and recover lost fishing gearat sea.

3.1.3. Management offisheryrelated waste and business initiatives

The PRF and SUP Directives dictates that a sustainable management has to be provided to the EOL
fishing gear, fostering their recycling, and for that ports need to be equipped with the right
infrastructure to be able to store all the ship-based waste landed, including marine litter brought to
port by FFL initiatives. Thisimplies a separate collection, transport, and a circulartreatment, and setting
a minimum collection rate of 50 % and a recycling target of 15 % for fishing gears by 2025 (Basurko et
al., 2023). However, given that the reporting systems has yet to be established in Europe, the amount
of EOL fishing gear and marine litter landed in European ports is still unknown, despite, some figures
have been published for Spain (1643 tonnes per year) and Norway (4000 tonnes per year including
ALDFG) (Basurko et al., 2023; Deshpande et al., 2020a). Furthermore, small percentage of the material
that arrives to port gets recycled (according to the EU, 1.5% (European Commission, 2023)) as most
countries end up sending this waste streamsto landfill or incineration, such as in Norway, where 19 %
getsincinerated (Deshpande et al., 2020b).

Member States are called uponto set minimumannual collection rates of EOL fishing gear for recycling,
and to monitor the fishing gear placed on the market (EPRS, 2019). Likewise, other policies such as the
EPR schemes and MARPOL 73/78 Convention have also been updated to foster the correct
managementof EOL fishing gear and marine litter in general.
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a. Extended producer responsibility

The extended producer responsibility (EPR) schemes, which are based on the “polluter pays” principle,
means to “make the manufacturer of the product responsible for the entire life cycle of the product
and especially for the take-back, recycling and final disposal”.

This often includes making producers accountable for financing EOL treatment cost (take-back and
recycling) while providing incentives to producers, in order to:

(i) prevent waste at the source,and
(ii) design products thatare recyclable/reusable.

The EPR is highlighted in the SUP Directive and suggested to be implemented by Member States. In
fact, in January 2025 the EPR for Fishing Gear will enter into force in Member States. Producers and
assemblers haveresponsibility to set up schemesto recycle gears, and national legislators will need to
set up schemes for that. Moreover,a wide range of other stakeholders will need to be engaged in this
process too (e.g.fishers, port authorities, waste managers, recyclers, SMEs, innovators, etc.). The newly
developedregulatory framework has echoed the will of entrepreneurs and SMEs for new market niches
and business opportunities based on recovered EOLfishing gearsand marine litter in general (Dijkstra
et al,, 2021). The sustainable fashion industry has also approached the marine litter paradigm and has
started to have products made from recycled marine plasticyarn and fabrics (Khandual and Pradhan,
2019). Some examples are Adidas-Parley OceanPlastic, Prada, Converse, Ecoalf's Upcycling the Ocean,
Ternua Group, Inditex, H&M, Hérmes, and Patagonia.

b. Recovery and reuse of EOL fishing gear

EOL fishing gear needs to be in a good condition for its recycling; thus, it is of utmostimportance to
store and collect it properly. In Europe, NOFIR (https://nofir.no/) is a Norwegian company that
specialises in collecting and conditioning fishing nets and fishfarming material throughout Europe and
Turkey. Itis one of the mostimportantin its sector with having conditioned more than 40 000 tonnes
of nets from 17 countries all over the world. The collected material is transported to its factory in
Lithuania or Turkey, whereit is conditioned and repaired by the partners for chemicaland mechanical
recycling. However, not allEOL fishing gear produced by the European fleets are stored in Europe. For
example, tropical tuna purse seiners employfishing nets thatweight around 93 tonnes (64 % of which
is polyamide) and arereplaced every fewyears due to loss of physical properties. This can imply large
amounts of EOL fishing nets in their mother ports (Andréset al., 2022). Until recently, these nets were
used to build Fish Aggregating Devices (FADs) but the prohibition of net reuse in the construction of
such devices in theIndian Ocean (I0TC-2021-WGFADO02-INF02,2021) and by January 2024 in all oceans
(ISSF Conservation Measure 3.7 (ISSF, 2023)), has made them look for alternative option to foster their
valorisation, such as reuse in aquaculture rafts Chicolino S.L. (https://www.jichicolino.com/) or
recycling (SARETU brand: https:/www.bermeotunaworldcapital.org/saretu/en/).

EOL fishing nets from purse seiners operating in European ports are also reused for different
applications. Some examples are:

¢ “Honsare Poltsak” tote bags (@HonSare, Instagram), initiative launched by few female net
menders, who arerelatives of Basque purse seinefishers;

e Bracenet bracelets and other accessories (https://bracenet.net/en/),driven by entrepreneurs;

¢ Football goal netting made from EOL fishing gears, promoted by Real Sociedad football Club
andin collaboration with female net menders (Real Sociedad,2023).
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c. Recycling EOL fishing gear

Any fishing gear before being ready to berecycled needs to be dismantled. The net, then, is subjected
to different and reiterative conditioning processes, which include sorting, washing, cleaning from
impurities, grinding, and extruding. Following the waste hierarchy, fishing gears should be recycled
mechanically or chemically, ortreated with energy recoverytechnologies such asincineration (Arandes
et al,, 2004); landfill should be the last option to consider. It must be noted that chemically recyded
EOL fishing gear-derived yarn can cost 3-5 % more than raw counterparts (Andrés et al., 2022).
Nonetheless, the increasing number of initiatives on upcycling EOLfishingnetsindicates that this could
create new business opportunities (Andréset al., 2022).

e PLASTIX (conditioning and mechanical recycling of polyolefin-based fishing gear,
https://plastixglobal.com): this Danish company has developed a unique technology, which
enables the mechanical recycling of post-use plastic fibres and rigid plastics mainly from the
fishing and aquaculture industry. They are a producer of high-quality recycled pellets, with a
patented methodology, which allows them to produce the material according to specific
customer requirements. Their products are: Oceanix HDPE and Oceanix PP pellets made of EOL
fibres from fishing nets, ropesand trawls.

e AQUAFIL (chemical recycling of polyamide-based fishing gear, https://www.aquafil.com): this
Italian company is specialises in chemical recycling of polyamide. As a result of the chemical
recycling, Aquafil produces pellets and the Econyl® yarn (brand name of the yarn produced by
Aquafil) by mixing pellets from fishing nets with those of recycled carpets. Econyl® yarn is widely
used in the textile industry and by other collaborators to produce ‘sustainable’ garments,
swimwear, sunglasses, and accessories among others. Aquafil and NOFIR have a collaboration
agreement for the supply (NOFIR) and recycling (Aquafil) of conditioned fishing nets.

e FISHYFILAMENT (recycled polyamide-based monofilamentfishing nets, https:/fishyfilaments.
com/): this Cornwall (UK) based company, which has been supported by a FLAG to secure
infrastructure in port, is associated to Cornish Fish Producer Organisation. By recycling
polyamide fishing nets from Cornish commercial fishers, produced ultra-low carbon supply of
engineering grade Polyamide six pellets and filaments. They produce three pellets products:
Porthcurno (suitable for homewares, wearables, fashion), Longships (same as Porthcurno but
with higher variability in colour, base material for customer compounding and higher volume
applications), and OrCA® (for engineering applications); and two filament types for Fused
Deposition Modelling (FDM) 3D-printing applications (Porthcurnoand OrCA®).

e SARETU RECYCLING (conditioning, recycling of fishing gear): this newly funded SME aims at
revalorising EOL fishing nets, recycling and processing them into different products. Based in
Spain, this start-up is the result of two projects (SARETU and SAREBIO (SARETU concept
(https://www.bermeotunaworldcapital.org/saretu/en/) funded by the EMFF, the Basque
Government and a private company (Bermeo Tuna World Capital), that introduced circular
economy practices in the tropical tuna purse seine fisheries by testingbiobased floatsfor purse
seines and laid the foundations for the development of a local industry devoted to EOL fishing
gear recovery, conditioningand recycling. As part of these projects, trucker hats, sunglasses and
fishing bibs were produced (made with 100 % recycled material) and put in market under the
SARETU brand by partner TERNUA GROUP; and SARETU RECYCLING was established. Currently,
this SME has as funding partners, a fishingcompany (Echebastar), a fishing and aquaculture gear
manufacturer (GrupoEurored),and a R&Dinstitution (AZTI).
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FIL&FAB (https://www.fil-et-fab.fr/): supported by the Cornwall & Isles of Scilly FLAG, this
company from Brest (France) is devoted to recycling polyamide and producing polyamide
pellets, branded as Nylo®, for different industrial purposes such as the keels for surfboards.
Professionalfishing associationsfromLe Conquet (France) are part of the consortium established
todevelop this initiative.

BUREO (collection, conditioning, and recycling of fishing nets, https://bureo.co/): outside
Europe, Bureo, which is based in the USA and Chile, is one of the mostimportant SMEs devoted
to fishing gear recycling. It includes recycling programmes in Chile, Argentina, Peru, Ecuador,
Mexico, and the USA. It produced the NetPlus® material, made from 100 % post-consumer
recycled fishing nets. It counts with NetPlus®brand partners such as Patagonia, Costa sunglasses,
Carvers skateboards, Jenga® Ocean™, Futures fins, etc.

Chemical recycling (Pyrolysis) of marine litter and EOL fishing gears: as part of the marGnet
project (https://www.margnet.eu/), the pyrolysis of marine litter and EOL fishing gears was
tested by Syntol SME to convert these wastes into I1SO 82217 compliant marine fuels (Faussone
and Cecchi, 2022).

Other initiatives address waste material from the distribution phase of fish such as expanded
polystyrene from fish boxes, which is recycled to produce pellets for its use as raw material in
differentindustries.This is the case of the project supported by Thy-Mors FLAG for the creation
of Denmark’s first recycling plant to process expanded polystyrene into plastic pellets (FARNET,
2018).

Other products made from recycled fishing gear are being developed in the INdIGO project
(http://indigo-interregproject.eu/en/, 2023).

d. Solutionslinked to the uptake of fish wastes

Recycling fish skin into “marine leather” (FARNET, 2015): Through cooperation with local
fishers and designers, and inspired by traditional techniquesfrom otherfishing communitiesin
Europe,ayoungFrench entrepreneurhasdevelopedan innovative fish skin tanning process and
now sells her “marine leather” to fashion designersallaround the country. Products made with
this technique include bags, bracelets and other itemsfor sale. This initiative was made possible
thanks to theinitial financial supportprovided by the ArcachonFLAG.

3.2. Challenges and opportunities for/from implementing a circular
economy action planin EU fisheries
3.2.1. Challenges

a. Challenges related to the circular design of fishing gear

Currently, fishing gear is made of a large mix of materials. Some nets not only include panels
of different polymers, they also include mixed polymers and metals. The composition of the
materials conforming the nets, ropes or other fishing gear components are not marked.
Furthermore, fishing gear may be discarded in ports of other countries. This makes the process
of disassembly andsorting of fishing gear by component and material difficult, which ultimately,
hampers their recyclability.

New generation of materials may present challenges at the end of life. For example
biodegradable and compostable gears, that unless a proper waste management is established
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for them, including recovery and treatment, they would have to endup in landfill or incineration.
Another exampleis Dyneema®, that although as material is very desirable due to its lighter and
stronger properties compared to other polymers, its recycling stream and technology is yet to
be defined (MRAG, 2020).

b. Challenges related to the collection of ALDFG and marine litter by the fishing sector

Lack of storage space onboard. Small fishing vessels, in particular, present limited storage
space onboard to keep marine litter retrieved from the sea (Olsen et al., 2020). Smaller size vessels
not only lack space onboard to storelarge ALDFG but also, they do not collect it due to lack of
time or personnel, although for othersit may be due to poor attitudes (Olsenet al., 2020).

ALDFG and marine litter accumulation is often unknown. Unless GPS-fitted tags are used to
locate thelost fishing gear, the location of marine litter and ALDFG is often unknown. These lost
gears and other marine litter tend to accumulate in aggregation structures such as marine litter
windrows but while models predicting the distribution of floating litter at larger scales can
describe overall patterns (Lebreton et al., 2012), there are still some limitations in higher
resolution areasi.e. coastal areas (Madricardo et al., 2020; Ruiz et al., 2020).

Difficulties to land marine litter and EOL fishing gear. Waste management for fishersshould
be easy otherwise; it may end up in the ocean. However, port authorities and waste managers
have shown in particular instances unwillingness to collaborate and lack of responsibility
towards establishing a management scheme for these waste types (Basurkoet al., 2023; Olsen et
al., 2020).

Inadequate port reception facilities. Often ports are still lacking infrastructure and
technological knowledge to handle EOL fishing gear and marine litter, especially small ports.
Furthermore, ports include different fishing fleets, governance systems and socio-economic
frameworks, which affect how EOL fishing gears are managed. The level and quality of port
reception facilities differs not only within countries but also between cities and towns (Basurko
et al,, 2023; Olsen et al., 2020). This means that fishers have to carry the waste home, drive it to
municipal waste facilities, or keep it onboard to take it to a different port.

Lack of selective waste management and recycling practices in land discourage fishers to
manage them properly at sea. Interviews with fishers in Norway and stakeholders in Spain
highlighted that fishers show little motivation in participating in FFL initiatives or discard EOL
fishing gear adequately if waste in land is not managed properly (e.g. all waste thrown to the
same container) and relevant authorities and waste managers do not pay adequate attention.
Likewise, fishers feelfrustratedif ports do nothave adequate portreceptionfacilities or are used
as general-purpose waste bins by port users. Having known professional waste managers’
reception facilities in ports (e.g. NOFIR big bags, Ecoembes’bins...) helps to motivate fishers to
sort waste before discarding and act accordingly (Basurko et al., 2023; Olsen et al., 2020).

Lack of awareness. Retrieving, storing, and landing marine litter and EOL fishing gears in port
reception facilities depends also on the good will of shipowners and skippers. However, not all
skippers have the same level of awareness(Olsenet al., 2020).

Lack of training. Fishers, port authorities, and waste managers lack experience in retrieving
marine litter from the sea, as well as managing EOL fishing gear in port (e.g. storing,
disassembling). This hampers the understanding of the dimension of the challenge associated
with sustainable management.
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Poor reporting. Waste produced and delivered to shore is not widely reported. Coastalfishing
vessels bring the waste generated onboardduring the fishing day.For larger vessels that spend
more days at sea, some have waste compressors and storage facilities, others just use onboard
bins. However, thereis little control on the waste brought to land after a fishing trip, which may
be conducive to adopting bad practicessuch as throwing it overboard (Olsen et al., 2020).

Additional waste fee. In some ports, fishers have to pay an additional fee to have their marine
litter and EOL fishing gear managed by port authorities and/or waste managers (Basurko et al,
2023). Fishers requestthatthis service of waste collection be included as part of their annual fee
to portauthorities. Somefishers areeven willing to pay more to ensure thatall ports are offering
this quality service (Olsen et al., 2020).

c. Challenges related to recycling fishing gears:

Products made of marinelitter or EOL fishing gear often lack traceability and no information is
provided on the environmental impacts to support green claims (Schneider et al., 2018).
Reporting this information could help others develop productswith less risk, shed light ongreen
claims and obtain green passports (Andréset al., 2022).

Few local recyclers and knowledge on how to recycle marine litter and EOL fishing gear are
available. It is more desirable to manage the waste within smaller geographical areas from its
origin to reduce the environmental burdens originating fromthe transboundary export of waste
(Havas et al., 2022). However, waste stream quantities generated locally may be too low for
continuous recycling, which may jeopardise the economic profitability of recycling plants. More
focus should be put on finding solutions in terms of volume, cleaning, and logistics. These
problems resultin most of these local waste streams ending up in landfills (Andrés et al., 2022;
Deshpande et al., 2020b). However, a better collaboration between differentstakeholders could
promote therecyclingand upcycling of these wastes.

Mixed composition of fishing gear. The disassembly of fishing gear by component and
materials is sometimes too complex, and this complexity ends up affecting the recycling
possibilities (MRAG, 2020). There are numerous technologies available for the marking of the
different materials used in fishing gear components (He and Suuronen, 2018), which could help
in sorting the waste streams, butthey are rarely used.

Recycling marine plastic and EOL fishing gear is more challenging than recycling post-
consumer plastic because it can contain a considerable amount of sand, salt, fouling, shells,
algae,and marine plants (Ronkayetal., 2021),and also it costs more (Ronchiet al., 2019).

An unclear definition of the term producer for EOL fishing gear and marine litter generates
ambiguities and difficulties when trying to apply EPR schemes.

3.2.2. Opportunities

Positive impacts are expected from a circular economy approach. In fact, recycled materials
from fishing gear can be employed as raw materials for other industries. Thus, contributing to
reduce the dependency on raw materials in a variety of industries, while contributing to a
cleaner environmentand to reduce harmto marineecosystems.

Other waste coming from the processing and commercialisation aspects of the fisheries value
chain are also materials that can be recycled to provide secondary raw materials to other
industries such,as for example, materials employedin the transport, storage, and conservation
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of seafood; or concerning organic materials to diminish garbage while providing materials for
small-scale business.

e Employment level in coastal communities can also be positively impacted by the need of
personnel to sort, manipulate, and manage the materials coming from fishing gears at port
facilities. The creation of innovative businesses to recycle the materials, both from the fishing
gears or from the waste of the processing activity provide a large array of options.

e Thecontribution offishers as guardians of the seas collecting marine litter can also provide an
alternative forincome during closed fishing seasons or whereotherlimitationsimpede fishing.

3.3. Conclusions: lessonslearnt and expected impact

3.3.1. Lessonslearntfromimplementation of circular economy infisheries

Fishing sector has experience on embracingcircular practices, which are still limited:
e Fisheries have shown different possibilities to embrace circular economy practices and gain
benefits, for example by participating in marine litter collection and recycling or upcycling of
EOL fishing gears.

e Many circular economy initiatives exist engaging the fishing sector and new jobs have been
created; however, the problem may be linked to guaranteeing the continuation of these
activities in the long term.

Ports are key:
e Port reception facilities for marine litter and EOL fishing gear should be available in all ports,
regardless of the size and who is responsible for its management. However, this is not widely
applied, and the quality of such facilities differs widely from port to port.

e |tis mostdesirableto havelocal marinelitterand EOL fishing gear storage, conditioning, and
recycling centres but iflow volumes are producedit may jeopardisetheir feasibility.

Awareness raisingand morecontrolled on practices is needed:
e Transparency is key to avoid green claims about new circular products.

e Although there seems to be a growing awareness of the plastic and marine litter issue, there
are still practices and consumption patterns that ignore this problem. Awareness raising
campaigns are needed for allinvolved stakeholders.

3.3.2. Expectedimpacts fromtheimplementation of circulareconomyinfisheries

Positive impacts are expected from the implementation of the circular economy approach within
European fisheries. From the socio-economic perspective, it has the potential to create employment
and newand alternative income for coastal communities. In this line, the circular economy can provide
business opportunitiesfor the fishing communities by engaging themin the design, collection, sorting,
recycling or upcycling of products made of recycled EOL fishing gears and marine litter as
entrepreneurs, co-operatives and social enterprisesin port cities or towns. From an environmental
perspective, a circular economy will help to reduce the demand for raw materials, provide new sources
of secondary raw materials for other industries, develop circular fishing gear, generate less waste and
pollution regarding ALDFG and marine litter; and ultimately reduce the negative impacts of marine
litter on blue economy related sectors. Likewise, by reusing materials produced by circular and local
businesses, it allows to keep control over the raw materials that are being used, avoiding imports of
less sustainable products.
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4. POLICY RECOMMENDATIONS

KEY FINDINGS

e A moreinclusive energy transition approach should be established by promoting a
morediverselist of energy efficient solutionsand making themeligible for funding.

e The purchase, installation, and use of energy monitoring devices onboard should be
promoted for all size fishing vessels.

e Fishingvessel’s presencein IMO greenhouse gas emission policies should be fostered.

e A right balance between fishing capacity and implementation of energy efficient
solution should be found, by establishing a scientifically based definition of fishing
capacity.

e The collaboration and cooperation between national/international stakeholders

regarding decarbonisation and adoption of circular practices in fisheries should be
incentivised.

¢ National and international roadmaps for energy transition and inclusion of circular
economy in fisheries with clear objectives should be defined.

¢ Adefinition forcircular fishing gear should be established.

e Waste reception facilities across countries and in small to large ports should be
improved.

e A centralised collection, storage, conditioning, sorting and recycling schemes for
marine litter and end of life (EOL) fishing gear should be established, and logistics of
these waste typesimproved.

e An extended producer responsibility (EPR) scheme for fishing gear should be
established.

e Asinglefishingforlitter (FFL) scheme across Europe needstobe promoted and funded.

o Define the traceability of products made of marine plastic.

e Establish harmonised reporting system for marinelitter and EOL fishing gear.

4.1. Decarbonisation of fishing fleets

Decarbonisation andenergy transition policies should include the following recommendations:
e Asectoralroadmap,i.e.fishing roadmap to decarbonisation, should be established.

e Since limitations on fishing capacity (installed kW and GTs) could be a bottleneck in the
implementation of energy efficiency solutions, we recommend a revision of the EU definition of
the term fishing capacity, due to adding more GTs or kW does not necessarily increase a vessels
ability to fish. A scientifically supported definition of fishing capacity would allow to establish a
more realistic balance of capacity and fishing opportunities and thus to conduct fair decisions on
whois eligible or not for aid on energy solutions.
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Applying for funding often involves having to advance the investment money and a high
administrative burden, especially for those vessel owners that are skippersor crew members, such
as the ones in small-scale fisheries. Therefore, in order to increase the level of implementation of
energy saving measures and to take advantage of available funds, we suggest establishing a
simpler process for funding applications.

Energy transition will be achieved thanks to theimplementation of a mixture of energy efficient
solutions. Therefore, the funding established for energy transition should be moreinclusive and
contemplate all sortsof energysaving solutions related tofishing vessel structure, fishing gearand
fishing strategyas the ones mentionedin this report.

The Commission should promote the installation of energy monitoring devices in all fishing
fleet segments.

The European Data collection framework should includedataon energy consumption of fisheries,
which is also based on reported information by energy monitoring devices. This information should
be usedto report GHG emissions of fisheries to IMO’s database.

Fishing vessels are considered as ‘special vessels’ in the IMO regulation, and as such they are
excluded from some of their environmental rules. We recommend revising their inclusion for the
energy efficiency policy framework of the IMO such as including the need to have a Ship Energy
Efficiency Management Plan for existing fishing vessels or Energy Efficiency Design Index for new
builds.

A European cooperation platform should be established engaging the fishing sector (e.g.
Producer Organisations), ancillaryindustry, researchers, NGOs, and policymakers toaddress energy
efficiency in fisheries, exchange successful stories, promote dialogue and cooperation, facilitate the
transference of information and sustainability awareness.

Seafood labels and certifications incorporating the carbonfootprint or FUl score of the fishery on
thefood products should be promoted.

4.2. Circular economyin fisheries

Thecircular economy in fisheries may benefit from the following policy recommendations:

a. Fisheries sector roadmap

A sectoralroadmap to develop the circular economy in fisheries’ value chain should be defined.

b. Circular gears

A definition for circular fishing gears should be agreed, including targets for recycled content
within the gear and associated legislation to enhance the design but also the implementation of
circular gears onboard thefishing fleet. A future design of circular fishing gear should be one that
is durable, facilitates an easy disassembly of the components and materials, uses alternative
materials (recyclate, marine biodegradable, or natural) and is recyclable. This should also include
marking of the materials and avoid, when possible, the use of mixed (e.g. polymers) and harmful
materials (e.g. lead), without compromising the optimised durability and performance of the
fishing gear.

A standardised approach to labelling and marking of the polymers and materials composing
the fishing gear should be established to facilitate its final recycling.
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. Management of EOL fishing gear and marine litter

A standardised collection, sorting, conditioning and recycling scheme for EOL fishing gear and
marine litter should be defined at European level. This implies: making port reception facilities
for EOL fishing gears andmarine litter ubiquitous in all European ports, regardless their size. This
type of waste should be also included in established waste treatment streams; and adding the
collection, conditioning, sorting and recycling of marine litter and EOL fishing gear as part of the
service contracts of port waste managers,so that fisherswould not have to pay an additional fee
for the managementofsuch waste.

Programmesthat promote to the expansion of FFL schemes across Europe should be supported
financially.

Member States should set national minimum collection rates for marine litter and fishing gear.

A reporting system should be developed, one that is appropriateto localfishers, to document the
extent and location of ALDFG, marine litter collected by FFI activities, and EOL fishing gear
discardedin port.

An EPR scheme for fishing gear should be established with financial schemes and support, and
with defined responsibilities.

Mechanisms should be established to improve the logistics associated with the full value chain
for the recycling of marine litter and EOL fishing gear across Europe and reduce environmental
impacts and costs.

Collaboration, cooperation, and dialogue amongst stakeholders and between and within
regions should beimprovedto reduce the uncertainty andestablish responsibilities regarding the
managementfor these waste types.

. R&D&l

Research and innovation on the circular economy on fisheries, e.g. circular design of gears,
alternative managementsystems, conditioning-recycling technologies, smartlogistics, etc., should
be promoted by supporting pilot projects, and synergies between stakeholders financially.

. Market and business development

The development of local circular solutions and projects should be incentivised, embracing the
cooperation and partnerships between the actors of the fishing industry value chain, LAGs, local
waste managers, recycling companies or other entrepreneurs.

A market for recycled fishing gear and marine litter should be promoted by, for example,
fostering the green procurementof marine plastic-derived products.

The traceability of products made of marine plastic or other fishery-related wastes (including
marine litter and EOL fishing gear) should be promoted by, for example, establishing a label to
define plastic of marine origin (link to digital product passport).

Awareness raising and development of skills

Awareness raising and training skills activities should be increased for reducing the marine litter
contribution fromfisheries andincreasingthe participation in circular solution practices.
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ANNEXI

Link between Fit for 55 package with the waterborne transport

and fishing

Pollcy Linked to seaborne transport Appliedtofishing
instruments vessels
EU emissions First time shipping emissions are included in the EU ETS Notat present.

trading system

(ETS), COM(2021)
251

scheme. Shipping companies should monitorand report
theiraggregated emissions datafrom maritime transport
activities atcompany level in accordance with the rulesin
Regulation (EU) 2015/757.However, the rules for monitoring,
reporting and validation (MRV) only apply to large emitters (>
5000 GT ships going to and coming from Union ports).

European taxation
Directive (ETD),

COM(2021) 563
final

Proposes to align the taxation of energy products (such as
fuels) with EU energy and climate policies. These objectives
will be achieved by: (1) promoting clean technologies, such
as shore-side electricity provided to vessels while at berthin
ports, that can be exempt from taxation; (2) eliminating
incentives or exemption for fossil fuel; (3) setting the taxation
based on energy contentinstead of volume, therefore
encouraging the take-up of electricity and alternative fuels
(renewable hydrogen, syntheticfuels,advanced biofuels,
etc.); and (4) aranking of the fuels according to their
environmental performance.

Yes, through the fuel or
energy (electricity) tax.
The minimum levels of
taxation should be
appliedto fuel use. To
incentivise their use,
sustainable alternative
fuels and electricity will
have a taxation rate of
zerofor 10 years

Use of renewable
and low carbon
fuelsin maritime
transport
Regulation,

COM(2021) 562

The ‘FuelEU Maritime’ initiative aims to increase the
productionandtheuptake of sustainable maritimefuels
and zero-emission technologiesfor the maritime sector by
setting a maximum limit on the GHG content of energy used
by ships calling at European ports. This initiative focuses on
highestemitters (ships > 5 000GT).

Notat present.

The alternative
fuels
infrastructure
Regulation,
COM(2021) 559

Promote the deployment of alternative fuels by setting
obligations to provide the infrastructure tosupply the
demand of sustainable altemative (renewable and low
carbon) fuels. Member States are obliged to set up national
policy frameworks to facilitate ships having access to shore-

side electricity or decarbonised gases (i.e.bio-LNGand
synthetic gaseous fuels (e-gas) supply in major ports.

Indirectly.

Source: European Commission et al. (2022).
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