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Executive summary

This report provides an overview of these existing technologies, available on European
markets and elsewhere. These technologies were identified through an online survey
conducted in January 2018 among all CLAIM participants and experts, as well as an extensive
literature and industry review. The technologies cover four different categories of marine
litter removal and management technologies: from prevention in wastewater treatment or
from entering seas by blocking rivers as sources of pollution, to their collection and
transformation based on resource recovery, and finally monitoring technologies of marine
litter. Based on available data and information, mostly online, these existing technologies
were evaluated in terms of their cost-effectiveness, business model and legal-institutional
enabling environment, and other relevant criteria in a multi-criteria decision analysis
framework. Available data and information about the costs and effectiveness of existing
technologies are scarce, even more so data and information about the technologies’
underlying business models, or other possible assessment criteria.

Scope

Scope of Deliverable 5.1 is to provide an important benchmark exercise for the evaluation of
the CLAIM technologies later in the project.

Overview of alternative CLAIM technologies
and marine litter clean-up industry
1. Introduction
Plastics enter the ocean from numerous land-based and marine sources such as unprotected
waste disposal sites, tourism and recreational activities, harbors, merchant ships and ferries,
draining sewage outlets and rivers (UNEP, 2009; Gorycka, 2009; Cole et al., 2011). The social
costs of these plastics in different economic sectors are substantial (Mouat et al., 2010;
Brouwer et al., 2017), hence the reason for the high level of interest in Europe and elsewhere
in their clean-up, prevention and mitigation. Marine litter is one of the key indicators in the
European Marine Strategy Directive to assess Good Environmental Status for all European
seas and the effectiveness of policy measures (Galgani et al., 2013).
Over the past decade, there has been a lot of speculation about especially the impacts of
microplastics. Microplastics are plastic particles that are smaller than 5mm in size that
typically originate from the decomposition of larger particles, but also from a variety of
substances, such as personal care products (Napper et al. 2015) that enter the ocean from
wastewater treatment facilities (McCormick et al. 2014). Once deposited in the ocean, plastic
debris are carried by currents, while macroplastics (plastic debris larger than 10 mm in size)
are also affected by wind and waves. Only recently it has become clear that slowly degrading
plastic particles in oceans may bring a long-term risk for marine food chains (Betts, 2008).
Ingestion of microplastics that absorbed toxins can have a negative impact on for example
plankton as a result of their small biomass (Andrady, 2011). Because plankton are at the base
of the marine food chain, the risk of microplastics on these organisms can have far reaching
consequences on higher trophic levels.
The primary objective of the Horizon2020 funded project CLAIM (Cleaning marine Litter by
developing and Applying Innovative Methods) is to provide practical tools for the mitigation
and efficient management of marine litter in the Mediterranean and Baltic Sea. CLAIM will
do so by developing and demonstrating cost-efficient cleaning methods for visible and
invisible plastics, in situ as near as possible to the major sources of marine litter, such as
coastal areas, and to limit the amount of litter entering the sea. The CLAIM tools are generic
and thus the proposed methodology should be easily transferable to other regional
European seas.
Existing practices of cleaning macroplastics include ocean booms and skimmer vessels for
cleaning up the sea surface, vacuum trucks for coastal use and manual collection of plastics.
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In the case of microplastics and nanoplastics, there are currently no robust methods offering
essential and integrated solutions, as microbeads and fibres pass directly into household
wastewater streams and are therefore too small to be retained by standard filters used in
sewage treatment plants. Therefore, to reduce existing quantities of microplastics in the
marine environment there is a need for innovative cost-effective methods, transforming
hazardous substances where possible into more benign forms based on the principle of
resource recovery.
Workpackage 5 in CLAIM focuses on the economic feasibility and cost-efficiency of new
clean-up technologies. Business models will be used to evaluate the economic feasibility for
upscaling of the innovative cleaning technologies, considering existing legal and policy
frameworks, as well as their acceptance by relevant stakeholders and end users. Using the
cleaning capacity of new methods developed in CLAIM Workpackage 1 and 2,, and
demonstrated in Workpackage 3, as well as their environmental impact, simulated using
model scenarios in Workpackage 4, the cost-efficiency of each method and technology will
be evaluated. An integrated assessment of the environmental, social and economic impacts
of the new technologies will be the end-product. In order to evaluate the new clean-up
technologies developed in CLAIM, a benchmark of existing technologies is needed.
This report provides an overview of these existing technologies, available on European
markets and elsewhere. These technologies were identified through an online survey
conducted in January 2018 by Workpackage 5 among all CLAIM participants and experts, as
well as an extensive literature and industry review. The technologies cover four different
categories of marine litter removal and management technologies: from prevention in
wastewater treatment or from entering seas by blocking rivers as sources of pollution, to
their collection and transformation based on resource recovery, and finally monitoring
technologies of marine litter. Based on available data and information, mostly online, these
existing technologies were evaluated in the same way as the new CLAIM technologies will be
evaluated. That is, in terms of their cost-effectiveness, business model and legal-institutional
enabling environment, and other relevant criteria in a multi-criteria assessment.
This report is a complementary addition to Deliverable 3.1, ‘Report on the existing methods
for managing plastic litter and related guidelines and regulations’ prepared by Workpackage
3. Workpackage 3 focused on the technical capacity of technologies available to manage
marine litter, providing a brief analysis of guidelines and regulations. We further this analysis
by adding specific institutional and legislative analysis, business model perspective and
assess costs and effectiveness. Along with conclusions and recommendations for further
research and integration with CLAIM activities and goals.
The remainder of this report is organized as follows. Section 2 first presents the evaluation
methodologies. This is followed in sections 3-6 by descriptions and evaluations of existing
marine litter collection, transformation, treatment and monitoring technologies. Section 7
concludes the review presented in this report.
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2. Methodology
A mixed research methodology is proposed based on the available expertise in Workpackage
5 in CLAIM, combining an institutional analysis of the legal and policy framework addressing
marine litter management with an analysis of how existing marine litter clean-up
technologies and the underlying organizations responsible for their development and
marketing create, deliver and capture value to stakeholders and end-users. Additionally, we
are interested in the cost-effectiveness of the technologies, and other relevant technical,
environmental, economic and social criteria on the basis of which we hope to be able to
screen and assess their performance in preventing, avoiding and cleaning marine litter for
the purpose of better informing decision-making processes with respect to marine litter
prevention, treatment and clean-up. The different components of the mixed methodology
will be further elaborated in the next sub-sections.

Institutional analysis
Besides providing an overview of the current legal and policy framework addressing marine
litter management, the institutional analysis also aims to identify potential drivers and
barriers to the implementation and uptake of available technologies. Once these barriers
and opportunities have been analysed, ways to address them will be described, resulting in
recommendations for best practices to promote the development of the marine litter
technologies.
The institutional analysis is carried out for the four different categories of marine litter
removal and management technologies, since the policy frameworks will be similar at the
level of the underlying individual technologies. The existing policy framework is reviewed,
legislation examined, as well as existing action plans, market-based instruments and
voluntary agreements which could potentially have an impact, either supporting or
impeding, the implementation of the technologies. The focus of the analysis focuses largely
on EU-level legislation, Regional Seas Conventions (for the Baltic and Mediterranean Sea)
and key national legislation/policies in the CLAIM case study countries. In order to further
complement the analysis of the enabling factors and potential barriers to the
implementation and uptake of the proposed CLAIM technologies, an interview protocol has
been prepared to allow for further investigation of key stakeholders’ acceptance and
preferences. The semi-structured interview protocol is included in the Annex to this report,
noted as Milestone 5.1 in CLAIM.

Business model analysis
To assess the underlying business models for the existing technologies, the “Business Model
Canvas” will be used. The book “Business Model Generation” by Osterwalder and Pigneur,
published in 2004, has become an important guideline for business model design, especially
for start-ups and small and medium-sized enterprises (SMEs). The concept promoted in the
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book has become a sort of shared language that allow to easily describe and redesign
business models to create new strategic alternatives. Without such a shared language it is
difficult to systematically change assumptions about one’s business models and innovate
successfully.
In order to build an effective business model, nine basic building blocks are identified that
show the logic of how a company intends to make money (Figure 1). The nine blocks cover
the four main areas of a business: customers, offer, infrastructure, and financial viability.

Figure 1: Business Model Canvas (Source: Osterwalder and Pigneur 2004)
For each of the technology categories, the Business Model Canvas will be applied in order to
visualize archetypal business models. As the institutional analysis, the existing technologies
will be analysed at the level of the four categories in order to identify main characteristics,
arrangements of building blocks or behaviour resulting in business model patterns. These
patterns will help us to understand the business models’ dynamics and serve as a source of
inspiration for the later work related to defining the CLAIM technologies’ business models.
The nine building blocks are briefly described in more detail below.

Customer segments
First of all, we need to define which customers the technology aims to reach. Two important
questions here are: for whom are we creating value and who are our most important
customers? We are specifically interested in:
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· the opinion of private sector port operators and municipalities, fishery ports and public
utility operators/providers (stakeholders) about the new service offerings being proposed by
the developers, and:
· what benefit the stakeholders consider the new technology to offer.

Value proposition
Customers are provided a product (technology) or a service with a value added. The value
proposition is a statement that summarizes why potential consumers should buy the
particular technology or service and prefer it to similar offerings. In this case, the following
questions arise:
 What value do we deliver to the customer?
 Which one of our customer’s problems are we helping to solve?
 Which customer needs are we satisfying?
 What bundles of products and services are we offering to each Customer Segment?
Factors such as newness, performance, customization, design, brand/status, cost reduction,
risk reduction, accessibility, and convenience/usability can add value to your business. Our
value proposition may be qualitative (privileging customer experience and outcome) and/or
quantitative (price and efficiency). More specifically, we are interested in answering the
following questions:
· What service gap do stakeholders believe the new technology is filling and how important
are those services considered to their operations?
· Do stakeholders believe that the value propositions of the technology developers will
remain relevant considering future trends in industry and pollution occurrence/handling?
· Do stakeholders have any suggestions/opinions about how a related service gap in the area
of marine litter clean-up can be addressed by the technology developers?

Sales and distribution channels
Once we have understood the value proposition and customer segments, channels that are
able to deliver the value to the clients have to be identified. Clients can be reached either
through own channels (store front), partner channels (major distributors), or a combination
of both. Relevant questions here include:
 Through which channels do our customer segments want to be reached?
 How are we reaching them now?
 How are our channels integrated? Which ones work best?
 Which ones are most cost-efficient?
 How are we integrating them with customer routines?
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More specifically we are interested in:
· What is stakeholder perception of the way that the services will be delivered to them?
· Do they consider the new approach any better than what they are already used to?
· How “disruptive” (innovative) is the new technology compared to the status quo?
· Do stakeholders believe that the new technology is more expensive or more
administratively, operationally, legally or politically demanding to adopt and integrate into
existing practice?
· Do stakeholders have suggestions/opinions on how the adoption and integration of the new
technology might be better done operationally?

Customer relationships
In this building block, the kind of relationship that will be establish with each of the customer
segments is identified. The different types of customer relationships are: personal
assistance, automated service, communities and so on. These are the main questions here:
 What type of relationship does each of customer/segment expect?
 Which one kind of relationship has been established?
 How costly is the existing relationship?
 How is the relationship integrated with the rest of the business model?
More specifically, we are interested in:
· Do the stakeholders have any history of working with the technology developers?
If they do, in what ways do they consider that their previous experience working with the
developers will affect their willingness to adopt the new technology?
If they do not, is there a potential difficulty (legally, politically, administratively, etc.) in
working with the developers on the adoption of the new technology?
Do stakeholders have any suggestions or opinions about how they may be able to work with
the technology developers on adopting and integrating the new technology?

Revenue streams
There are several possibilities to generate revenue streams, such as asset sales, usage fee,
subscription fees, lending/ leasing/ renting, licensing, etc. to generate cash through the
customer segments (costs must be subtracted from revenues to create value added and
income). Important questions here are:
 For what value are customers willing to pay?
 For what do they currently pay?
 How are they currently paying?
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 How do they prefer to pay?
 How much does each Revenue Stream contribute to overall revenues?
Additionally, we are interested in answering the following questions:
· How do stakeholders consider the new service offerings? Is this (not) particularly different
from what they are already paying for?
· Do stakeholders consider the new offerings of the technology developers something they
would be willing to pay for?
If they do, what is their opinion about how (or who and how much) they can pay for the
service, vis-à-vis what they are currently paying?
If they do not, is there a potential difficulty, or what do they consider a potential difficulty
(legally, politically, administratively, etc.) in paying for the new service?
· Do stakeholders have any suggestions or opinions about how a suitable payment
arrangement can be worked out for the new technology?

Key resources
We need to understand what the assets are that will make the business model work. For
example, IPRs (patents, utility models…), financial resources, human resources. Hence,
questions have to be answered such as: what Key Resources do the Value Propositions
require? Here we are specifically interested in answering the following questions:
· What additional arrangements do stakeholders believe should accompany the new
technology for proper adoption and integration:
 integration into existing regulatory frameworks
 new regulatory or legal instruments
 political buy-ins of state or non-state actors
 new enforcement capacities and cost
 new human capacity, infrastructure arrangements or administrative requirements
 additional compliance cost.
· Do stakeholders have any suggestions or opinions about any other key resources or
arrangements that need to be in place to ensure proper adoption and integration of the new
technology?

Key activities
The main activities have to be planned, such as production and distribution, customer postsale support, RTD activities etc. The questions here are:
 What are then the action you can do in order to make your business model work?
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 What Key Activities do our Value Propositions require?
More specifically, we are interested in:
· Do stakeholders consider that there could be potential physical (unintended) side effects
from the adoption and integration of the new technology?
· Do stakeholders have any suggestions or opinions about an appropriate timing for the
introduction of the technology?
· Are there more generally in this activity area any (regional) “lessons learnt” available?

Key partnerships
In order to make the business model work, the help of external partners or suppliers will be
needed. Questions here are:
 Who are our Key Partners?
 Who are our key suppliers?
 Which Key Resources are we acquiring from partners?
 Which Key Activities do partners perform?
More specifically:
· Would stakeholders consider a partnership with the technology developers?
If yes, what can they offer to such a partnership to ensure the realization of the objectives of
the CLAIM project? For example, could this be to get involved in a co-creation process?
If no, what do stakeholders consider a better way to ensure good partnership for the
realization of the objectives of the CLAIM project?

Cost structure
Last but not least, one has to consider what costs will be incurred as well as the consequences
when applying the business model for the product or technology involved. Key questions
here are:
 What are the most important costs in the business model?
 Which Key Resources are most expensive?
 Which Key Activities are most expensive?
More specifically, we are interested in finding out:
· What is the opinion of stakeholders about the nature of the costs (personnel, overhead,
finance, one-off investments, fixed costs) that the adoption and integration of the new
technology will impose on their current operations and practices?
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· Do stakeholders have any suggestions or opinions about the appropriate structuring of
costs (e.g. cost sharing arrangement, spreading of costs over time, etc.) for the introduction
of the technology?

Cost-effectiveness analysis
The purpose of a cost-effectiveness analysis is to find out how predetermined targets, for
example a reduction in marine litter in a water body, river basin or estuary, can be achieved
at least costs (e.g. Lise and Van der Veeren, 2002). Theoretically speaking, the least cost
allocation of pollution abatement strategies is found if and only if the marginal costs of the
proposed pollution abatement measures are equal (e.g. Tietenberg, 1992). The marginal
costs of these abatement measures can for example be defined as the increase in total
abatement costs when pollution loads are decreased by one kilogram. As long as marginal
costs are not equal, it is theoretically possible to obtain the same level of pollution reduction
at lower costs by shifting emission reduction from high cost measures to lower cost
measures.
The practical steps in a cost-effectiveness analysis are described in the box below. These
steps are taken in sequence, but important feedbacks usually exist between steps when
learning more about the problem, the source-effect pathway, and possible solutions. In
practice, the same step may therefore be revisited several times. The outline of the various
steps shows that carrying out a cost-effectiveness analysis is a multidisciplinary exercise,
requiring the input and collaboration of different scientific disciplines, such as natural
scientists (physical effects of measures), economists (costs of measures), and engineers
(details about technical measures). Furthermore, the analysis needs the input and
collaboration of policy and decision-makers as they determine the scope and objective of the
analysis.

Box 1: Basic steps in a cost-effectiveness analysis
Step 1: Identify the environmental objective(s) involved (target situation)
Step 2: Determine the extent to which the environmental objective(s) is (are) met
Step 3: Identify sources of pollution, pressures and impacts now and in the future over the
appropriate time horizon and geographical scale (baseline situation)
Step 4: Identify measures to bridge the gap between the reference (baseline) and target situation
(environmental objective(s))
Step 5: Assess the effectiveness of these measures in reaching the environmental objective(s)
Step 6: Assess the direct (and if relevant indirect) costs of these measures
Step 7: Rank measures in terms of increasing unit costs
Step 8: Determine the least cost way to reach the environmental objective(s) based on the
ranking of measures
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A number of approaches are used in practice at varying levels of complexity, scale,
comprehensiveness, and completeness for carrying out a cost-effectiveness analysis. These
are discussed, for example, in Zhang and Folmer (1998). A distinction is made between
bottom-up and top-down approaches. The bottom-up approach focuses on technological
details of measures and their impact on individual enterprises (micro level), whereas topdown approaches usually consider the wider economic impacts of pollution abatement
measures, usually without detailed technical specification of the measures involved (macro
level).
Bottom-up approaches can also be characterized as being more technical engineering
approaches, including detailed information about the technical characteristics of production
processes and limited information about the financial costs of emission abatement
technologies. Top-down approaches focus more on the economic relationships and
consequences involved and less on the technical specification of measures. Examples of
bottom-up approaches are simple approaches comparing a limited number of abatement
technologies usually on a local scale based on their engineering costs and emission reduction
capacity, and the application of dynamic optimization models. These latter models, usually
linear programming (LP) models, are used to automatically prioritize between various
abatement measures and technologies at enterprise and sometimes also at sector level.
Examples of top-down approaches are input-output and computable general equilibrium
models. The inclusion of indirect effects depends upon the extent to which these indirect
effects are considered to play a role and are considered more or less relevant for the final
decision-making procedure.

Figure 2: Simple form cost-effectiveness analysis
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In its most simple form, the analysis can be depicted as shown in Figure 2. Various possible
measures (M1-M8) are ranked in increasing order of their unit costs. Besides a different unit
cost (reflected by a-h on the vertical axis), each measure also has a specific pollution
(nutrient or metal) abatement or reduction capacity (reflected by A-H on the horizontal
axis). The environmental objective (standard) is represented by the vertical red line. The
least cost option to reach the environmental standard is found by implementing measures
M1 to M7 and, if possible, part of measure M8. The total costs of implementing these
measures is found when taking the integral of the area M1-M8 from the origin until the
environmental standard.

Multi-criteria analysis
A Multi-Criteria Decision Analysis (MCDA) is a structured approach, often used to support
policymakers, stakeholders or public choices among alternative (policy) measures or
technologies, where these policy measures or technologies may pursue multiple objectives.
It is used to structure a (policy) problem in terms of possible alternative solutions evaluated
under different multiple criteria.
MCDA is applicable to cases where a single objective or single criterion approach like costeffectiveness, which compares options based on a single criterion only (for example cost per
unit plastic waste reduction), is considered insufficient. Instead, a MCDA accommodates a
range of social, environmental, technical, economic, and financial criteria. MCDA is
especially suitable in situations where multiple environmental and social objectives are
pursued, which cannot easily be expressed in monetary terms. MCDA techniques are often
integrated with participatory approaches, involving different policy and stakeholder groups
(see for example the UNEP ‘Value Base Assessment’ procedure and use of MCDA in relation
to transboundary water management).
One setback of MCDA in these participatory approaches is that the method is often difficult
to use for lay people. Most of them require an expert to explain how the method works, help
users to define options, criteria and weights, as well as to choose the appropriate
aggregation procedure. An important question is which approach the experts and end-users
of the results feel most comfortable with when making effects comparable and
commensurable, that is through economic valuation of effects or preferences statements on
pair-wise comparisons among alternatives for the same criteria, standardization and
weighting procedures.
The general steps in MCDA are described in the box below. A MCDA starts off by identifying
and framing the problem and formulating the objectives that are to be reached through, for
example, a policy intervention involving the introduction of a new technology. Such
objectives may include environmental targets as well as social acceptance, employment
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generation or income distribution. This is followed in the second step by the identification of
different options to achieve the objectives, a step that may involve the participation of
different stakeholders and the wider public. If too many potential measures are identified,
an initial screening may be helpful to pre-select the available options. This screening can take
place based on a qualitative MCDA.

Box 2: Basic steps in a multi-criteria analysis
Step 1: Define the problem and the main objectives of the policy measure
Step 2: Define the alternative options to achieve the objectives
Step 3: Identify the criteria to evaluate each option compared to the baseline, including their
measurement in monetary and non-monetary units
Step 4: Score the effect or performance of each alternative policy measure on each criterion
compared to the baseline
Step 5: Complete the effects table or performance matrix
Step 6: Assign weights to the criteria
Step 7: Aggregate the weights and effect scores to a global score for each policy measure
Step 8: Perform sensitivity analysis
Step 9: Select the most preferred policy measure based on the identified criteria

An important third step is to identify the criteria and possible sub-criteria against which the
different options should be evaluated, along with their suggested indicators and
measurement units. The identification of the criteria will be closely related to the objectives
identified in the first step. Key here is the identification of indicators used to measure the
impact of technologies on criteria. The criteria can be measured in monetary and nonmonetary terms, but they may also be qualitative in nature. An important advantage of
MCDA is that it is able to relate information in different forms to multiple objectives
measured through multiple criteria. MCDA incorporates environmental, economic and social
effects and trades them off against each other based upon multiple criteria measured in
different units. Although the weighing procedure and trade-off of different criteria can be
complex for a MCDA, it means that a MCDA does not require the use of monetary valuation
studies in the same way that a cost-benefit analysis does.
In the following step, the policy options or technologies identified in step 2 are assessed in
terms of the criteria defined in step 3. To do this, they are evaluated compared to a common
pre-defined baseline scenario, for example a baseline technology. The performance of the
different options against the baseline scenario are then presented in a scorecard, also
referred to as an effects table, performance or impact scoring matrix. A score is provided for
each option against each criterion that can be measured in different units. There are different
techniques, depending on the MCDA method, to deal with this issue.
In step 6 the different criteria are prioritized by attaching weights to them. These weights
can be assigned by the researcher, the decision maker, or they can be elicited from
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stakeholders through some form of participatory consultation process. Another option is to
involve a panel of experts (Delphi method). A direct analysis of the performance matrix
through policy maker screening of alternative options is also possible. The determination of
weights is crucial, at the same time it also introduces an element of subjectivity into the
evaluation process. The weighting procedure is basically a valuation method. A sensitivity
analysis is essential to assess the effect of different weights on the outcome of the analysis.
Scores of the effect of possible implementation of alternatives and weights assigned to
criteria have to be aggregated. For this aggregation, a number of approaches have been
developed. The following two main approaches can be distinguished (DETR, 1998): the
compensation method and the outranking method. An example of a compensation method
(one of the best-known methods) is to make the calculation of a global score for each policy
measure in the form of a weighted arithmetic average of the scores attributed to that
measure for the different criteria. The method is called ‘compensatory’ because the
calculation of the weighted average makes it possible that low scores on one criterion are
compensated by high scores on another. The outranking method, based on a preference
aggregation approach, performs a pair-wise comparison among alternatives with respect to
individual criteria (Roy, 1991). As an example, these comparisons can be used to evaluate the
preference of alternative A over B by means of preference functions. The preference
functions assign preferences to the best alternatives or no preference if the difference is
deemed negligible. These methods are particularly suitable when the aggregation, in a
common scale, of some criteria may give rise, at some extent, to a compensation behaviour.
The final step in a MCDA is to prioritize, compare and order the alternative policy measures
or technologies based on the evaluation results. Different methods can be used to this end.
Depending on the method chosen, a MCDA can be used to identify a single most preferred
option, to rank options, to short-list a limited number of options for subsequent detailed
appraisal, or to distinguish acceptable from unacceptable options. The prioritization of
different options should also involve a sensitivity analysis, investigating how the ranking
order of the options changes if key parameter values and criteria weights were to be
changed.
Recent studies (Maier et al. 2016, Cinelli et al. 2014) show how MCDA can address uncertainty
issues. This is of paramount importance when many drivers of change (climate change,
natural dynamics of ecosystems, the appearance of increasingly sophisticated technology
almost every day, different forms of energy production, etc.) are acting to create a potential
shift in the biological and socio-economic consequences of actions. This will give rise to new
decision-making perspectives in the future. Additionally, there may be serious challenges
underlying the assessment of environmental impacts due to a limited knowledge and
understanding of various cause-effect relationships (Garmendia et al. 2017). Therefore, a
staged or incremental procedure (Lohr et al., 2017) might be more appropriate using a
scenario-based approach. Multiple plausible futures (Maier et al. 2016) that represent new
circumstances can in this way be factored into the evaluation process. Such flexible solutions
that can be adjusted as new information becomes available are essential for an adaptive
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management approach that can incorporate improvements in the state of knowledge (de
Neufville and Scholtes, 2011). Due to the limited available information about the existing
marine litter technologies, it appeared to be impossible to carry out a full-blown MCDA.
Instead, we will discuss in the Conclusions how we expect to be able to set up a broader multicriteria analysis of the CLAIM technologies.

3. Litter Collection Technologies
Description
Litter collection technologies involve the capture or removal of visible waste from aquatic
environments. These technologies may or may not require energy or inputs to function, as
some can harness currents and wave action to filter garbage. Litter collection equipment
generally includes design elements to allow for aquatic life and processes to be unharmed
and function regularly. These technologies operate on various scales from nearshore port
areas, river mouths to entire ocean gyres.

CLAIM technology
The proposed litter collection technology in CLAIM is a Marine Litter Containment Booming
Set. The technology is composed of a U-shaped floating barrier for marine litter
containment. The innovative feature of the technology is given by the interchangeable
screens of variable mesh sizes which allow to capture litter of variable sizes and the efficient
design to prevent clogging. The technology will allow to capture visible litter (d>1mm) and
will be located in key river discharge areas. Cameras will also be installed to monitor the
collection of litter.

Overview of enabling policies for litter collection technologies
Marine litter collection is often not considered the most efficient method to address marine
litter. This due to the fact that existing technologies aimed at cleaning up the ocean can only
address a minor part of the problem, while not preventing additional litter from entering the
oceans. In addition, clean up technologies fail to tackle the problem of micro-plastics present
in waters (ten Brink et al., 2017). Despite their limitations, technologies of this kind still
provide an important step in the fight against marine pollution and a number of enablers can
be identified, which will be further detailed below. An overview of relevant stakeholders for
litter collection technologies can be found in the Annex.
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Conventions and regulations
First of all, a number of conventions, agreements, regulations and action plans exist tackling
the management of marine litter. Instruments of this kind contain binding or voluntary
measures which can be of a preventative, mitigating, reduction or behaviour-changing
nature. Measures addressing the removal of litter already present in the world’s oceans and
beaches have either been adopted or proposed, representing enabling factors for the use of
marine litter collection technologies.
The EU Marine Strategy Framework Directive (MSFD) is an integral policy instrument aimed
at protecting the EU marine environment and achieving good environmental status (GES).
The MSFD requires Member States to take action to ensure that by 2020 “properties and
quantities of marine litter do not cause harm to the coastal and marine environment”. The
MSFD includes spatial protection measures, aimed at restricting and managing human
action in marine protected areas in order to protect biodiversity and contribute to the
achievement of GES (European Commission, 2008, European Commission, 2014). The
proposed cleaning technology can contribute to the achievement and maintenance of GES
in these areas.
In Europe, the Mediterranean is the first regional sea to present legally binding measures on
the issue of marine litter management through the adoption of the Marine Litter Regional
Plan in 2013. While the overarching aim is to achieve GES, removing to the extent possible
existing marine litter is one of the objectives of the Regional Plan. To form the basis of the
plan was the Barcelona Convention, currently covering 22 contracting parties determined to
protect the marine and coastal environment of the Mediterranean. Measures proposed
under the convention which can support the removal of marine litter already in the water and
promote the uptake of marine litter collection technologies include: identification of marine
litter hotspots and implementation of compulsory national programs for regular removal;
regular implementation of marine litter clean-up campaigns; application of Fishing for Litter
practices in partnership with fishermen (UNEP/MAP, 2013, Boisvenue and Running, 2006,
Chen, 2015).
A similar plan was adopted in 2015 by the HELCOM commission for the Baltic Sea. Regional
actions proposed include: Establishment of an exchange platform on good cleaning practices
in beaches, riverbanks, pelagic and surface sea areas, ports, marinas and inland waterways
in order to develop best practice on environmentally friendly cleaning technologies;
development of best practice on the removal of ALDFG1 and derelict fishing gear, through a
multinational project (e.g. MARELITT Baltic project) and engagement with the fishing
industry; mapping and risk assessment of snagging sites and dumping grounds for the
identification of areas where the accumulation of ghost nets pose a risk and their removal
(HELCOM, 2007, HELCOM, 2015) (Chen, 2015).

1 Abandoned, lost or otherwise discarded fishing gear
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Potential barriers include the obstruction of sea traffic and unintentional bycatch. In the
former case, due to the size and location of the technology (e.g. river mouth), its
implementation might represent an obstruction to sea traffic and therefore a barrier to its
feasibility. For unintentional bycatch, the fishery sector technology under development, so
as many of the currently existing ones, present the risk of unintentional bycatch, the
accidental catch of protected species (The Ocean Cleanup, 2014).

Investment (including research and development)
Secondly, growing research aimed at closing the knowledge gap on the environmental,
health and economic impacts of plastics and other materials in the marine environment is
incentivizing the use of marine litter collection technologies (IUCN, 2017). Examples include
the evaluation of economic costs of litter on the tourism and fishery sector, for which clean
up technologies can be highly beneficial, as well as costs due to clogging of rivers
(UNEP/MAP, 2015).
In order to ensure an effective management of marine litter, knowledge of litter pathways
and hotspot areas is necessary. Investments in research on the movements and distribution
of marine litter can support the uptake of cleaning and collection technologies by improving
knowledge on the locations where the introduction of said technologies would result as most
effective. In addition, marine litter collection technologies, alongside contributing to the
cleaning process, are often considered a useful source of information on the monitoring of
marine litter presence. Investments on the development of methods to monitor the presence
of marine litter further promote the introduction of water and beach-based marine litter
collection technologies (Newman et al., 2013) (Velis et al., 2017). Thirteen FP7 and 11 H2020
projects have been funded for research and innovation development for marine litter so far.

Voluntary initiatives
Thirdly, a number of voluntary initiatives can be identified which support the implementation
of marine litter cleaning technologies.
 Eco-labels and standards – Standards and labelling systems applied to beach sites to
ensure compliance with stringent environmental and safety criteria can promote the use
of marine litter collection technologies as a way to improve water and beach quality.
Blue Flag eco-label
The Blue Flag Program, operated under the Foundation for Environmental Education, is an
example of this kind of eco-labels which has been applied to areas in and beyond Europe. Local
organizations in charge of managing the blue flag sites ensure the enforcement of the criteria to
be met. Monitoring and regular checks are carried out to further ensure compliance. The Blue Flag
program aims to educate the public on the environmental issues of local areas and allow for an
easy identification of sites where environmental and safety standards are met (Blue Flag, 2017).

ISO13009 standard
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The ISO13009 standard represents another relevant example as an international standard applied
to beach sites providing guidelines for operators on beach management decisions, including beach
and water safety, cleaning, infrastructure and waste disposal. As beach sites represent areas
particularly subject to tourism pressures, the standard is directed to tourism and related services
(Naden, 2015).

 Campaigns participation – Encouraging participation in international, EU and National
Marine Litter Clean up Campaigns as part of voluntary measures laid out in Regional Sea
Plans can incentivize the removal of marine litter through the use of clean up
technologies.
 Initiatives to turn marine litter into products – A growing number of initiatives, often
referred to as “trash to treasure” initiatives, aimed at turning marine litter into items has
arisen. By turning waste into resources, initiatives of this kind promote the removal of
litter already present in waters while bringing back value into the economy and increasing
social awareness. Examples of companies turning marine litter into products of use value
can be found all around the world. A relevant example is the Adidas Group and Parley for
the Oceans partnership which has introduced a range of footwear and sport wear
products made of marine litter directly recovered from the oceans (Adidas, 2015).
A potential barrier to the promotion of marine litter clean up technologies through the
development of voluntary initiatives of this kind is represented by issues of legal ownership
of plastics. In other words, the ownership of plastics litter once being collected by the
technology in place (The Ocean Cleanup, 2014).

Competing technologies
The following five alternative technologies were identified in the online survey and literature
review, for more information on these technologies, including an analysis of technology
readiness level (TRL) please see Deliverable 3.1., :
Seabin
A floating rubbish bin which collects litter by using tide movements and a small pump. Water
is sucked through a catch bag inside the bin and then released again while litter is trapped in
the bag. Seabins are located in marinas, docks, yacht clubs and commercial ports.
The Seabin can catch an estimated 1.5 kg of floating debris per day, depending on weather
and debris volumes, including microplastics up to 2 mm small. Over one year, the Seabin is
estimated to manage 0.5 ton of debris. Each Seabin costs 3,300 euros when purchased
individually but are cheaper when purchased in bulk. When buying 100 Seabins, each unit
costs 2,700 euros. When considering the management and operational costs, the bin needs
to be checked twice a day, emptied as needed and cleaned at least one per month. The
Seabin reports efficiency of 1.5 kg of debris per day, but the bag can hold 20 kg of debris (so
might not need to be emptied very often). This suggests a few hours of maintenance weekly
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and depending on the volume of debris, potentially more. The Seabin must have an energy
source, and it filters 25,000 litres per hour of water. The Seabin is advertised at costing less
than €1 per day, only covering the water pump energy, but unclear how this number was
calculated (www.Seabinproject.com). There is no information to indicate the lifespan of a
single Seabin. If a Seabin lasts 5 years and requires €1 per day for energy, then it can be
estimated to cost €2.65 per day, not including maintenance or repair costs.
The Seabin Project was financed primarily by a crowdfunding campaign in 2015 that raised
over a quarter million dollar. Initial results from a marina in Emeryville as reported by a local
news agency mentions that most of what has been captured is organic matter (which is not
the target material) (Warner, 2017). Seabins can be purchased by local governments, yacht
clubs, port authorities or hotels.
The business model selected by Seabin technology seems to be a conventional equipment
manufacturer model with special focus on design of prototypes and production of a series of
device units. Main activities seem to be focused on leveraging R&D, production to bring new
products to the market and operational maintenance of the products. It seems to have a
relatively high cost base due to the battle over creative talent, the key source in this model.
Its products and services can be brought to the market directly (hotels, port operators), but
usually delivered through back-to-back intermediaries focused on customer relationship.
Often the customer is a specialized company in providing public (cleaning) services accessed
via a public tender. The business canvas is presented in Table 1 below.
The Ocean Cleanup
A floating system composed of a U-shaped 600-meter-long floater, an impermeable screen
to catch surface plastics, a sea anchor to slow down the system so as it moves slower than
plastics, and a support vessel to bring the collected litter back to land.
The Ocean Cleanup states their technologies can remove 50% of the Pacific garbage gyre in
5 years, and that the plastic will be recycled or sold. The initial work done has been
monitoring of the gyre using models and field testing. Pilot systems have been deployed in
the North Sea in 2016 and 2017 and deployment is scheduled for mid-2018
(www.theoceancleanup.com). Their North Sea prototypes were analysed by Royal
Haskoning DHV and results suggest negligible ecological impacts from the prototype of only
three months (van Mastrigt et al., 2016). The North Sea Prototype was found to have many
design flaws and catalysed a redesign, however no information about measured
effectiveness was publicized by The Ocean Cleanup. The second prototype faced similar
difficulties and also had no information about plastic captured and removed
(www.theoceancleanup.com). A third prototype was released in July 2018, which will be
deployed in September 2018 alongside an environmental impact assessment by CSA Ocean
Sciences. The assessment suggests minimal negative environmental damage, with the
highest threat attraction of sea turtles who may ingest the plastic being collected.
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Table 1: Business Canvas Seabin
Seabin (www.Seabinproject.com).
Key Partnership

Key Activities

Value Proposition

Customer Relationship

Customer Segments

* Energy Provider

* R&D

* Personal Assistance

* Local Governments

* Components
provider

* Production

Floating rubbish bin which collects
litter by using tide movements

* Creation and maintenance of a
community

* Port Authorities

* Maintenance
Key Resources
* Patents
* Know-how

* Performance:
✓
Water treatment capacity
✓
Storage capacity
✓
Automation
✓
Lack of maintenance
✓
Lifespan

* Hotels

Channel
* Sales forces
* Web sales

* Price
✓
Autonomy
✓
Energy Consumption
Cost Structure

Revenue Streams

* Research and Development

* Asset sale: Selling products. Each Seabin costs 3,300 euros when purchased individually but are cheaper
when purchased in bulk. When buying 100 Seabins, each unit costs 2,700 euros.

* Production of the device

* Merchandising
* Development financed via crowdfunding
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The company has publicly available financial reports that detail the spending (3.7 million
euros in 2016) with lots of money sunk in prototyping and testing. These high costs suggest
that the technology may not be ready to deploy or economically feasible depending on the
effectiveness of the technology (The Ocean Cleanup, 2016). Additionally, an economic
feasibility study was prepared in 2014 that suggests the breakeven price for plastic removal
is between € 3.66 and € 7.92 per kg of plastic (Slat, 2014). This report was prepared in 2014,
though, as an exploratory report and much has changed in terms of design, costs and
effectiveness that are not included in this analysis.
Regarding its business model, even when there is not much information available about the
selected business model we have analysed the main characteristics and concluded that the
value proposition seems to be not clearly, being defined as a service provided for extracting,
shipping and recycling of garbage and the asset sale, both based on a floating system
composed of a U-shaped 2 km long floater. The main value attributes seem to be newness,
performance and price. Main activities are focused on infrastructure development
(producing and assembling the floater) and maintenance and operation of the extraction ship
and recycling activities. The service and product can be brought directly to the market
(governments, port authorities), but also delivered through back-to-back specialized
corporations. Three revenue streams have been identified: revenues from selling products,
from fees for the service provided and from recycling plastics, which are considered as a key
ingredient as a raw material. The selected business model seems to depend crucially on two
key allies: support vessel operators and waste recycling companies. The business canvas is
summarized in Table 2 below.
SeaVax Robotic Vacuum Ship
A satellite-controlled aluminium platform powered by sun and wind acting as a vacuum to
collect litter of all sizes. Sonar technology protects marine and bird life from getting caught
in the vessel.
The SeaVax is ‘economical’ because it uses a modular design that can work anywhere in the
world. The cost to clean-up is $1.9 or € 1.22 per kilogram. SeaVax’s project director has stated
that “huge fishing nets to deadly micro particles can be swept or sucked up, ground down
and stored in SeaVax’s tanks” (Frost, 2016). The machine is currently in prototype phasing
and has not been built to scale, though the intention is for the ship to be powered by solar
and wind and capture up to 22,400,000 kg of plastic per year, which if sold on market rate
could amount to between £6,720,000 and £15,680.000 (www.bluebird-electric.net). Small
scale prototypes for the SeaVax have been made, but nothing on the scale intended for
oceanic use.
The business model selected for the SEAVAX technology seems to be a conventional
equipment manufacturer model with special focus on the design of prototypes and
production of a series of device units. The prototype is a satellite-controlled aluminum
platform powered by sun and wind acting as a vacuum to collect litter of all sizes.
Connectivity, autonomy or environmental friendly are the value attributes differentiating
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their proposition. The main activities for making this business model work are Research &
Development (prototyping), production of devices and maintenance. The definition of the
business model seems to be not finalized yet, but revenue streams are clearly defined: assets
sale and recycling of plastics.
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Table 2: Business Canvas The Ocean Cleanup
The Ocean Cleanup (www.theoceancleanup.com)
Key Partnership
* Support vessel
* Recycling company
* Components
provider

Key Activities
* Research &
Development
* Infrastructure devt. &
maintenance
* Operation of the
extraction ship and
recycle activities
Key Resources
* Patents/ Utility model
* Know-how
* Support Vessel
* Recycling facilities

Cost Structure
* Research and Development
* Production of the device
* High costs for prototyping and fine-tuning

Value Proposition
Customer
Customer Segments
A floating system composed of a U-shaped 2 km
Relationship
* Back-to-back
* Personal
long floater, an impermeable screen to catch sub✓ Governments
Assistance
surface plastics, a sea anchor to slow down the
✓ Port Authorities
* Community
system
* Back to Customers
* Newness
✓ Corporations
✓ Connectivity: telemetry
✓ Mobility
✓ Customization and scalability
Channel
* Performance:
* Sales Forces
✓ water treatment capacity
* Web Sales
✓ Storage capacity
✓ Automation
✓ Lack of maintenance
✓ Lifespan
✓ Autonomy
* Price
✓ Autonomy
✓ Energy Consumption: solar
✓ Operational cost: running the support ship
Revenue Streams
* Asset sale: Selling products, in particular floating systems
* Usage fee: for the operation of extraction, ship and recycling activities
* Recycling of plastics. Collected plastics key ingredient themselves that can be sold as an additional
revenue stream.
* Crowdfunding campaigns during technology development and piloting process
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Table 3: Business Canvas Seavax Robotic Vacuum Ship
SeaVax Robotic Vacuum Ship (www.bluebird-electric.net)
Key Partnership
* Components
suppliers
* FACTORY SHIPS

Key Activities
* R&D
* Production
* Maintenance
Key Resources
* Patents/ Utility
model
* Know-how
* Recycling
facilities
* Other
complementary
technologies like
seaNet

Cost Structure
* Research and Development
* Production of the device
* High costs for prototyping and fine-tuning

Value Proposition
Customer
Customer Segments
Technology: A satellite-controlled aluminum platform powered by
Relationship
* Governments
* Personal
sun and wind acting as a vacuum to collect litter of all sizes
* Port Authorities
Assistance
* Newness
* Corporations
* Community
✓ Connectivity: satellite control
✓ Mobility
Channel
✓ Customization and scalability: modular design
* Sales Forces
✓ SeaVax to be built locally with quality control assurance and
* Web Sales
technical backup
✓ Environmental friendly: sonar technology for sea life protection
and avoiding fish and plankton
* Performance
✓ water treatment capacity
✓ Automation
✓ Lifespan
✓ Autonomy
* Price
✓ Autonomy
✓ Energy Consumption: prototype be powered by solar and wind
Revenue Streams
* Asset sale: Selling products increasing the number in order to achieve economies of scale and recover R&D
investment
* Recycling of plastics. Collected plastics key ingredient themselves that can be sold as an additional revenue stream.
* Crowdfunding campaign for funding the R&D activities
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To make this business model work, a key partner has been identified: FACTORY SHIPS.
Harvested waste might be treated at sea on dedicated vessels, then sent to factories for new
products. The business canvass is summarized in Table 3.
Baltimore Inner Harbor Water Wheel
This technology is a water wheel, turned by Jones Falls River currents, that lifts trash and
litter from the water into a dumpster barge. The system is also composed of an array of solar
panels which power the machine in absence of water currents.
The river’s current provides power to turn the water wheel, which lifts debris from the water
and deposits it into an attached dumpster barge. When there is not enough water current, a
solar panel array provides additional power to keep the machine running. When the
dumpster is full, it is towed away by boat, and a new dumpster is put in place. The water
wheel has collected 1,518,800 lbs (688,916 kg) since May 9, 2014, giving an average of 471.8
kg/day. The trash that is captured is recorded and displayed online. The system has solar
panels installed to power the wheel and the trash collected is incinerated to generate
electricity (www.baltimorewaterfront.com). To have the water wheel designed, built and
installed, $750,000 was paid to Clearwater Mills and raised by the Maryland Port
Administration and Constellation, a subsidiary of Exelon (Lindquist, 2016). A rough
calculation can be made by dividing the initial costs by the time the wheel has been operating
to average $513/day or €430/day. Operation and management are paid by the two initial
funding sources and the Baltimore City Department of Public Works. Each ton of trash
collected is taken to a waste-to-energy plant and can power 16 households for a day. A
second trash wheel was designated for a smaller stream in Baltimore, and those costs were
estimated at $550,000 for the build (Lindquist, 2016).
To have the water wheel designed, built and installed, the Maryland Port Administration and
Constellation, a subsidiary of Exelon invested public funds. For the operation and
maintenance of the wheel advertising, sponsoring, crowdfunding campaigns are organised.
The economic model selected seems to be a cost-driven business model focused on
minimizing operational costs using for example reusable refuse containers (i.e., dumpsters
instead of disposable nets) or river current power and solar energy as alternative.
Environment friendly attributes contribute to the social acceptance of the investment as well
as the customer relationships with the creation of a community contributing in crowdfunding
campaigns and being informed about the efficiency of the system: trash that is captured is
recorded and displayed online. To make this business model work, a key partner has been
identified (waste-to-energy plant) and a key resource (dumpster barge). The business canvas
for this technology is summarized in Table 4.
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RAM Europe beach clean-up machines
A series of beach cleaning machineries, including automotive machines, machines towed by
multi-purpose vehicles and small hand-driven machines, able to stir up the sand and screen
it by removing even the smallest litter. Some of the machines are navigable and can be used
to clean floating litter from watery surfaces such as lakes or even sea surfaces.
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Table 4: Business Canvas Baltimore Inner Harbor Water Wheel
Baltimore Inner Harbor Water Wheel (www.baltimorewaterfront.com)
Key Partnership
* waste-to-energy
plant

Key Activities
* R&D
* Production
* Maintenance

Key Resources
* Patents/ Utility
model
* Know-how
* Dumpster barge

Cost Structure
* Research and Development
* Production of the device
* Low maintenance and operational cost

Value Proposition
Customer
Customer Segments
* Water wheel, lifting trash and litter from the water into a
Relationship
* Public Private
* Personal
dumpster barge. Solar panels to power the wheel in absence of
partnership for
Assistance
water currents.
maintaining city's
* Community:
* Newness
waterfront
✓ Environmentally friendly using current power and solar energy trash that is
* Local government
captured is
* Performance:
* Port Authorities
recorded and
✓ Collecting capacity:
* Corporations
displayed online
✓ Efficiency: Effectively contains and collects debris at a single
point before it disperses throughout the harbour, saving
Channel
labour and effort.
* Sales Forces
✓ Incorporates high quality construction for durability and low
* Web Sales
maintenance costs.
* Price
✓ Low-cost: The Waterwheel Powered Trash Interceptor collects
and removes trash and debris at a fraction of the per ton cost
of other systems. Uses reusable refuse containers (i.e.,
dumpsters instead of disposable nets) thus reducing
operational costs.
✓ Energy Consumption: river current power and solar energy as
alternative
Revenue Streams
* Asset sale: paid with public funds and
* Owned and maintained by Waterfront Partnership of Baltimore, operation and maintenance is
financed by other campaigns (advertising, sponsoring, crowdfunding);
* Trash collected is incinerated to generate electricity.
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Table 5: Business Canvas RAM Europe
RAM Europe beach cleanup machines (www.rameurope.com)
Key Partnership
* Components
suppliers
* Environmental
agencies
* Components
suppliers

Key Activities
* R&D
* Production
* Maintenance
* Technical
support
* Trainings
Key Resources
* Patents/ Utility
model
* Know-how
* Quality
Certifications

Value Proposition
* A series of beach cleaning machineries, including
automotive machines, machines towed by multipurpose vehicles and small hand-driven machines, able
to stir up the sand and screen it by removing even the
smallest litter. Some of the machines are navigable and
can be used for cleaning watery surface from floating
litter such as lakes or even sea surfaces.
* Performance:
✓ Mobility: hand-driven, automotive and navigable
solutions
✓ Collecting capacity: wide spectrum (size, weight,
variety)

Cost Structure
* Research and Development
* Production adaptation of vehicle platforms
* Sales and technical support departments

Customer
Relationship
* Personal Assistance
* After sales technical
support

Customer Segments
* Local and Regional
Government
* Port Authorities
* Corporations

Channel
* Sales Forces

Revenue Streams
* Asset sale: paid with public funds
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Since 1988, RAM EUROPE has been involved in the field of beach cleaning. Initially by
representing foreign firms and by performing small beach cleaning projects. After this initial
period, the first research projects for the construction of prototype beach cleaning machines
began to be followed by the industrial manufacture of beach cleaning machines. The
company provides technical specifications provided of the various beach cleaning machines,
including cleaning performance in m2/h and cleaning depth (cm), but no information on costs
or ecological effectiveness. The various models are advertised as helping to keep beaches
sandy and clean, and remove trash as well as stones, plants and organic matter
(www.rameurope.com). There is no mention of these machines being used for ecological or
environmental reasons, but for aesthetic benefits to tourism. Since these are sold directly,
costs could be found by contacting the sales department.
A range of floating boom style pollution control systems from different producers 2 . The
products may focus on different forms of pollution or risks including marine litter, oil spills or
jelly fish blooms. Booms may be deployed reactively, for example following an accidental
spill or proactively often in a semi-permanent position, for example in a designated
swimming area popular with tourists. The design of the booms is contingent or its intended
application.
The business model selected by RAM Europe beach clean-up machines seems to be a
conventional equipment manufacturer model with special focus on the design of prototypes
and production of a series of beach cleaning machineries, including automotive machines.
Main activities are focused on leveraging R&D to bring new products to the market. There
seems to be a relatively high cost base due to the battle over creative talent, the key source
in this model. Its products and services can be brought to the market directly, but usually
delivered through back-to-back intermediaries focused on customer relationship. Often the
customer is a specialized company in providing public (cleaning) services accessible via a
public tender. The business canvas for this technology is summarized in Table 5.

2 See Nautic Expo for examples: http://www.nauticexpo.com/boat-manufacturer/pollution-control-boom21339.html .
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4. Litter Transformation Technologies
Description
Transformation technologies involve reprocessing of plastic waste into energy or another
functional material. Plastic recycling is a well-established industry, but new technologies
involving different inputs, outputs, scales and processes are changing the market.
Transformation processes currently involve visible plastics, and recycling opportunities have
not yet been found for microplastics. Although relatively low down in the waste hierarchy
established by the EU Waste Framework Directive (2008/98/EC), thermal treatment (i.e.
energy recovery) may be considered a viable option for some plastic waste collected from
the sea, in particular for plastic that has been in the sea for long enough to become too
degraded or contaminated for material recycling. While acknowledging the potential
harmful environmental impacts on air quality, and persistent toxic substances, it can
potentially be seen as a flexible short-term solution to acute marine litter situations, such as
when significant amounts of litter are washed into the sea due to floods or storms. This
technology is dependent on the waste collection method and does not reduce plastic
pollution.

CLAIM technology
The CLAIM project will develop and demonstrate in the field a portable, self-contained
thermal treatment device for the recovery of energy from collected visible macro plastic
litter, aiming to provide a short term, pragmatic approach to speeding up the removal of
floating litter from the sea. The device under development is effectively a small-scale version
of technology used in large waste-to-energy (WTE) plants and consists of a pre-treatment
system (metal extraction and shredder) and a system for the production and exploitation of
syngas from the breakdown of macro plastics, based on high temperature plasma pyrolysis.
It also contains a novel, self-adapting control system to ensure the highest possible levels of
efficiency. The device will allow the recovery of embedded energy from collected litter
and/or plastic fishing gear, to be used either directly by the treatment system or by
connected utilities. This technology will be designed to be used both on board marine litter
collection vessels and in port facilities. The project will also assess the cost-effectiveness of
using the device on board ships for energy production as a contribution to the circular
economy. The wide-spread presence of traditional ship and marine incinerators suggests
that such technology could easily be integrated within existing structures. An overview of
relevant stakeholders for litter transformation technologies can be found in the Annex.
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Overview of enabling policies for litter transformation technologies
Regulations and laws
A number of EU level policies regulate waste management in general, which of course applies
also to the management of waste recuperated from seas and rivers. The Waste Framework
Directive (2008/98/EC) lays down the waste management hierarchy, which is the guiding
principle for waste management in the EU and states that waste prevention should be the
priority, followed by reuse, recycling, recovery (including energy recovery that meets a
certain efficiency standard) and then disposal. Based on this, the CLAIM thermal treatment
device fits in to a relatively low level of the waste hierarchy (recovery). This suggests that it
should not be a priority solution but does not preclude its use completely. In particular, it may
be seen as suitable for plastics that have degraded whilst in the ocean to such a degree that
they are unsuitable for material recycling.
Descriptor 10 for determining ‘good environmental status’ (GES) under the Marine Strategy
Framework Directive (MSFD) (2008/56/EC) explicitly relates to marine litter 3 stating that
‘Properties and quantities of marine litter do not cause harm to the coastal and marine
environment’. GES must be attained by 2020. This provides a clear driver to both prevent and
clean up marine litter.
The Circular Economy Action Plan (COM(2015) 614 final) also includes a specific target on
marine litter, i.e. to ‘reduce marine litter by 30% by 2020 for the ten most common types of
litter found on beaches, as well as for fishing gear found at sea, with the list adapted to each
of the four marine regions in the EU.’ In addition, the recently published Plastics Strategy
identifies the following actions (COM(2018) 28 final) 4:
 Adoption of a legislative proposal on port reception facilities for the delivery of waste
from ships (to revise the existing Directive);
 Support to Member States to implement their programmes of measures on marine litter
under the MSFD, including the link with their waste/litter management plans under the
Waste Framework Directive;
 Examining options for specific action to reduce plastic pollution in the Mediterranean, in
support of the implementation of the Barcelona Convention;
 Using funding in EU development, neighbourhood and enlargement policies to support
the plastics strategy by preventing and appropriately managing waste and supporting
the circular economy.

3

Descriptor 10: “Properties and quantities of marine litter do not cause harm to the coastal and marine
environment”
4
http://eur-lex.europa.eu/resource.html?uri=cellar:2df5d1d2-fac7-11e7-b8f501aa75ed71a1.0001.02/DOC_2&format=PDF

32

The Baltic (HELCOM, Helsinki Commission), Mediterranean (The Barcelona Convention;
Mediterranean Action Plan) and North-East Atlantic (OSPAR, Oslo and Paris Commission)
Regional Seas Programmes have RAPs on marine litter.
For example, the OSPAR actions include 5:
 (RAP 30) Harmonised system for port reception facilities, including consideration of not
only reception facilities, but also other relevant differences;
 (RAP 34) Improve implementation of the ISO Standard 201070:2013 in relation to port
reception facilities;
 (RAP 35) identify options to address key waste items from the fishing industry and
aquaculture, which could contribute to marine litter;
 (RAP 36) Develop best practice in relation to the fishing industry, including waste
management on board and at harbours;
 (RAP 40) Share best practice on waste management, e.g. on landfill bans of high caloric
wastes (especially for plastics).
 (RAP 53) Strengthen the existing OSPAR Recommendation 2010/19 on the reduction of
marine litter through implementation of fishing for litter initiatives, including by
reviewing the option that any vessel involved in the scheme can land non-operational
waste at participating harbours in OSPAR countries.
 (RAP 54) Develop best practice on environmental friendly technologies and methods for
cleaning.
The International Maritime Organization covers some specific regulations 6 when it comes to
on-ship incinerators. The regulations are divided into two sections, 16.1-16.4 which covers
on-board incineration in general and hence is potentially applicable to all ships, and
regulations 16.6 – 16.9 which are specific to incinerators installed on ships constructed on or
after 1 January 2000 or to units installed on existing ships on or after that date.
In relation to the CLAIM energy/transformation technology, regulation 16.2 prohibits the
incineration of certain listed materials and therefore can be seen as complimentary to the
MARPOL Annex V requirements in respect of the processing of ship generated garbage.
Moreover, shipboard incineration of polyvinyl chlorides (PVC) is prohibited by regulation
16.3, except in shipboard incinerator for which an IMO Type Approval Certificates has been
issued in accordance with MEPC.59(33), MEPC.76(40) or MPEC.244(66).
Regulation 16.6 generally requires that incinerators installed on ships constructed on or after
1 January 2000 or units which are installed on existing ships on or after that date are to Type
Approved in accordance with resolution MEPC.76(40) – as modified by resolution
5

https://www.ospar.org/documents?v=34422
http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Shipboardincineration-%E2%80%93-Regulation-16.aspx
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MEPC.93(45) or MEPC.244(66) – Standard specification for shipboard incinerators.
Regulation 16.9 states that the incineration of materials archives a certain temperature in
order to ensure complete incineration.
Investments (including research and development)
The EU Plastics Strategy (COM(2018) 28 final) acknowledges that more research is needed
to develop innovative solutions to prevent the dissemination of microplastics into the
environment, including ways to improve the capture of microplastics in WWTPs (European
Commission, 2018b). Further, Annex I of the Plastics Strategy lists actions to curb
microplastics pollution, including evaluating the UWWTD and its effectiveness on
microplastics capture and removal (European Commission, 2018a).
A range of investments from both private and public sources support the uptake of marine
litter monitoring technology. Most relevant to this type of technology are likely to be
investments as part of ongoing or future research programmes focusing on marine
observation. In this field, key funders might include intergovernmental, international and
national scientific research bodies and institutions, academic institutions (including marine
institutes), non-governmental organisations, private investors with specific interests in the
marine environment, philanthropic donors.
A number of ongoing long-term monitoring initiatives may make budgets available for
marine litter monitoring. This could include those linked to the EU and national monitoring
programmes for the MSFD, or the UN regional seas programmes. For example, the 2015
“Marine Litter Assessment in the Mediterranean” 7 was co-funded by the EU and the
Mediterranean Trust Fund of the UNEP/MAP Barcelona Convention.
Voluntary agreements
Several countries (including Belgium, Cyprus, Germany, Ireland, Malta, the Netherlands,
Poland and the UK) implement Fishing for Litter schemes, e.g. as promoted by the OSPAR
Commission. The scheme promotes cooperation with fishermen by providing them with
large bags to store any litter they catch when fishing on board their ship, to return it to
port/harbour when they land (IUCN, 2017). This type of initiative could potentially provide
collected waste to be processed using the CLAIM thermal treatment technology.

Competing technologies
A handful of other companies are applying technologies that could be considered as
competitors to the CLAIM thermal treatment device, in so far as they aim to convert
plastics retrieved from the oceans into usable material.

7

http://web.unep.org/unepmap/new-report-marine-litter-assessment-mediterranean
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Lindenau WRS-System
The Lindenau WRS-System is a ship-based sustainable waste management system for use in
island states and large cities at coasts or at rivers. Trialled in Cape Verde, the technology is
located on board two converted processing ships which are permanently moored in the port
of Praia. Another ship travels around the islands weekly, collecting waste to be processed.
The Waste-Recycling-Ship (WRS) is a complete national waste management system that
deals with waste from the island chain of Cape Verde. The benefits of this system is it
manages waste from entering the ocean, since these are island chains if waste is improperly
managed it could easily end up in the ocean. However, it does not specifically manage ocean
or beach waste and is more of a prevention tactic that happens to be based on a ship. The
system is said to be economically feasible as waste treatments plants may not find ample
space for such a large plant to be built on an island or in a coastal environment. Additionally,
the ship is designed to sort waste into organic fraction, light fraction and heavy fraction
groups. The organic matter is converted to compost and biogas which can be used for
heating and electricity. The light fraction group, in a power heat coupling plant, can also
produce heat and power. Finally, the heavy fraction group involving metal and electronic
materials will be sold for recycling. Since the system produces secondary raw materials and
energy, it is advertised as being economical (Haun, 2015). A feasibility study was conducted
for this system; however, it seems from literature that this was never implemented.
Regarding the business model of LIndenau WRS-System, shown in Table 6 below, the value
proposition is a ship-based on a sustainable waste management system for use in island
states and large cities at coasts or at rivers. There is not much information to obtain valuable
conclusions about the business model and it is not clear if the system is offered to the market
as a product or as a service. Main value attributes seem to be the newness, capable to sort
waste into different fractions for recycling. The system includes a waste processing plant
installed on board for the production of electricity, potable water and compost. Therefore,
we can conclude that, apart from the revenues obtained from the usage fee or price obtained
with the sale of the technology, waste is a key ingredient of the business model.
Recycling Technologies
British company Recycling Technologies has developed the patented RT7000 modular
system to convert end-of-life plastic products into usable materials. Essentially it is a
chemical recycling process to convert unsorted plastic waste (including e.g. plastic wrap and
plastic from electronics) into a valuable low sulphur hydrocarbon called ‘Plaxx’. Plaxx can be
in the form of light oil (suitable as a feedstock for virgin plastic production), low sulphur heavy
fuel oil (suitable for use in marine engines), base oil (for use by lubricant oil producers) or wax
(suitable for coatings, injection moulding and candles). The RT7000 is transportable and
mass-producible, with a per unit footprint of 30×30 m2, allowing it to be located at existing
plastic waste handling facilities, thereby avoiding costly transportation of low-density endof-life plastics.
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The initial investment consisted of 3.6 million pounds from 140 investors, and the company
suggests a 30 million turnover by 2021 (Frost, 2017). The RT700 can process 7000 tons of
mixed plastics per year. After initial success, the company is going to be installing more
systems around the UK (Recycling Today, 2017).
The company is bringing the technology to the market using a business model following two
different ways: (a) as a product: selling and installing a modular system to convert end-of-life
plastic products into usable materials. Essentially it is a chemical recycling process to convert
unsorted plastic waste (including e.g. plastic wrap and plastic from electronics) into a
valuable low Sulphur hydrocarbon called ‘Plaxx’; (b) As a Service: Recycling Technology
offers a unique operational model, which is in effect Sustainability as a Service™. This is a
very commercially attractive approach to the problem of dealing with End-of-Life Plastic.
The main value attributes are the newness allowing the refine of plastic and transformation
into a material in various formats and the performance of the technology/ service allowing
mobility, long lifespan, efficiency. Revenue streams identified are related with the sale of the
production and installation of the modular system together and the fee for the usage and
maintenance of the service. The business canvas is presented in Table 7 below.
Small-scale plastic recycling
The Dutch start-up Plastic Mining Cooperation is developing a tailor-made solution for
plastic waste on islands and coastal areas. This involves them providing an industrial mobile
recycling machine to shred, wash and dry collected plastic waste, which can then be bagged
and shipped for use as raw material. Similarly, Precious Plastic is a non-profit that designs
open-source plastic recycling machines that can be assembled anywhere around the world.
They offer community support, networks, manuals and marketplaces to buy and sell plastic
and products created with recycled plastic.
The Plastic Mining Cooperation has a 3-year ‘Plastic Mining Recycling Program’ which helps
Small Island Development States (SIDS) to enable a circular economic model for plastic
waste. The program includes an awareness program, mobile recycling machine, trading
platform and access to monitoring and data. The recycling machine is able to recycle 1000
metric tons of plastic regrind per year. The program is still in launch phase and has the target
to have the program on 5 SIDS by 2019. No information online can be found regarding costs
or effectiveness of the program.
Precious Plastic provides step-by-step manuals to build all machines and instructions for how
to make the plastic products. Machines required include a shredder, which costs around €300
and takes 14 days to build. Other machines include a compression machine (€100 cost, 5 days
to build), injection machine (€150, 7 days to build), extrusion machine (€250, 10 days to build)
and even a complete workplace in a container (€3,000 and 28 days). The items created can
be sold independently or on the online marketplace and range in price from €6 per piece to
€650 per piece. Depending on the type of plastic recycled and products made, the systems
would vary in costs and effectiveness in recycling.
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Dutch start-up Plastic Mining Cooperation is offering a tailor-made solution for plastic waste
on islands and coastal areas. The innovative business model selected seems to abandon the
classical equipment manufacturer model, combining a customer relationship model with a
multi-sided platform model, bringing together the customers of the technology as
producers and potential customers of recycled plastic products.
Plastic Mining Corporation start-up offers a singular model. On the one hand, making use of
the open source technology, designs created by Precious Plastics Project, concentrates on a
customer relationship centered model offering a “getting the job done” value proposition.
Product and service innovation seems to be acquired from third parties and packaged and
delivered in a customized way for the transformation of plastic waste. Customer acquisition
and maintenance with the creation of a community and the implementation of awareness
program are main activities. On the other hand, the start-up offers the Plastic Mining Trading
Platform and the Monitoring and Data System. The value proposition offered there bring
together plastic product producers (buyers of the technology) and potential customers. This
offers value if both target groups are present facilitating interactions. An example business
canvas for Plastic Mining Corporation is shown in Table 8.
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Table 6: Business Canvas Lindenau WRS-System
Lindenau WRS-System (http://lindenau-dirk.de/en/home/)
Key Partnership
● Waste collecting company

Cost Structure
● Ships operation
● Transformation processes

Key Activities
Implementation of a
whole waste
management system
Key Resources
● Patents/ Utility model
● Know-how
waste collecting ship
and waste treatment
ships

Value Proposition
Customer
Customer Segments
Lindenau WRS-System is a ship-based
Relationship
● National
sustainable waste management system for use in ●
Governments
island states and large cities at coasts or at rivers.
● Port Authorities
● Newness: designed to sort waste into:
Channels
✓ Organic fraction: organic matter is
converted to compost and biogas which can ●
be used for heating and electricity;
✓ light fraction: in a power heat coupling
plant, can also produce heat and power;
✓ heavy fraction groups: involving metal and
electronic materials will be sold for
recycling.
● Performance:
✓ Mobility: waste collecting ships gather
waste and bring it to waste treatment ships
moored
✓ Collecting capacity:
✓ Location on the coast:
Revenue Streams
● Usage fee? / Asset sale? investment financed by PPP
sale of electricity and composts produced by the waste processing plant installed on board of
the above-mentioned ships

38

Table 7: Business Canvas Recycling Technologies
Recycling Technologies Ltd. (https://recyclingtechnologies.co.uk/technology/)
Key Partnership

Key Activities

Value Proposition

● Waste collecting companies
● Universities and Technology

● Design
● Production of modular

● As a product: Sell and installation of a modular system to convert

Partners

Cost Structure
●

system
● Installation of the system
● Maintenance of the
system
Providing the
transformation system
(Refinery)
Key Resources
● patented RT7000 modular
system
● Plaxx® Trademark
● Know-how

Customer
Relationship
● After sales
service

Customer
Segments
● Petrochemical
company (Plastic
products
Manufacturers)
● Marine engine
manufacturers/
operators
● Other
manufacturers
● Wax trader

end-of-life plastic products into usable materials. Essentially it is a
chemical recycling process to convert unsorted plastic waste
(including e.g. plastic wrap and plastic from electronics) into a
valuable low Sulphur hydrocarbon called ‘Plaxx’.
● As a Service: Recycling Technology offers a unique operational
model, which is in effect Sustainability as a Service™. This is a very
commercially attractive approach to the problem of dealing with
End-of-Life Plastic.
● Newness:
Channels
✓ Planxx can be obtained in the form of
●
o light oil (suitable as a feedstock for virgin plastic
production),
o low Sulphur heavy fuel oil (suitable for use in marine
engines),
o base oil (for use by lubricant oil producers) or
o wax (suitable for coatings, injection moulding and candles)
✓ Modular character
✓ Performance:
✓ Mobility and manageability: transportable and mass-producible,
with a per unit footprint of 30×30 m2
✓ Transformation capacity
✓ Energy efficiency
✓ Production efficiency
✓ Lifespan (25 years)
Revenue Streams
● Asset sale: production and installation of the modular system together with a license of the technology
● Usage Fee: Offer of the solution as a service for a fee.
Usage Fee: maintenance services
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Table 8: Business Canvas Plastic Mining Cooperation
Plastic Mining Cooperation (http://www.plasticminingcooperation.com/)
Key Partnerships

Value Proposition
Customer
Relationships
• A tailor-made solution for plastic waste on islands and
●
Community
components
● Environmental
coastal areas.
● After-sales service
organizations
● Development and
• The “getting the job done” value proposition consists of
● Online marketMaintenance platform and
● Waste
four parts:
place for selling
monitoring system
management
(1) an awareness program,
plastic and
(2) an industrial mobile recycling machine,
companies
● Technical and commercial
(3) access to our trading platform, and
products created
support
● Waste collecting
(4)
access
to
our
monitoring
systems
and
data.
with recycled
companies
• Newness:
plastic.
✓
Modular
character:
shredder,
injection,
compression,
Key Resources
Channels
extrusion, container
● Patent
● Online
✓ Open source
● Trademark
✓ Inclusive
● Know-how
✓ Build yourself
● Plastic Mining Trading
✓ Access to trading platform, monitoring and data
Platform Marketplace
platform for selling recycled • Performance:
 Transformation capacity
plastic products
 Mobility: some machines sharable among small islands
Cost Structure
Revenue Streams
● Commercialization and distribution of the of components
● Asset sale: production and installation of the modular system
● Implementation of the awareness program
● Crowd-funding campaign
● Maintenance of the plastic mining trading platform
● Maintenance of the monitoring and data system
● Precious Plastics?

Key Activities

● Distribution and delivery of

Customer
Segments
● National
Governments
(SIDS- Small
Island
Development
States)
● Port Authorities
● Recycling plants
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Consumer goods from ocean plastic
Other projects have also been carried out to develop consumer products from recycled
marine plastics. Projects such as these could therefore compete for the plastic material
collected for use in the CLAIM thermal treatment device. Such projects include:
 The ECONYL® regeneration system, a technical solution developed by the Aquafil
Group to recover nylon from ocean plastics (e.g. fishing nets). The polymer is de- and
re-polymerised and turned into ECONYL® nylon yarn which can then be used as raw
material, e.g. for the production of sportswear of carpet products. It is claimed that
Polyamide 6 waste can be regenerated an infinite number of times, thereby offering a
substitute to virgin raw material
 Collaboration between Adidas and Parley for the Oceans to produce sportswear from
plastics intercepted at beaches and coastlines before it enters the ocean.
 A partnership between Procter & Gamble, TerraCycle and Suez to produce Head &
Shoulders shampoo bottles made with 25% recycled beach litter collected by volunteers
 ECOALF’s Upcycling the Oceans (UTO) project that collects ocean waste and turns it
into top quality yarn to produce fabrics and products. The project started in September
2015 in Levante (Spain) and currently expanding, including replication of the project in
Thailand.

5. Wastewater Treatment Technologies
Description
Wastewater is currently treated with a number of processes in order to manage solids,
organic materials, nutrients or bacteria. Presently, most treatment plants are not equipped
to manage microplastics. Wastewater treatment technologies focus on the capture of small
contaminants and does not focus on macroplastics or recycling. A proportion of microplastics
from land-based sources ends up in wastewater treatment plants (WWTP), for instance in
the form of fibres released from washing textiles or via use of personal care products
containing microbeads (Hartline et al., 2016, Eriksen et al., 2013). Although conventional
WWTPs are generally not equipped with specific technology to capture microplastics,
between 65% and 100% of microplastics entering modern WWTPs are captured by existing
treatment steps (Sherrington et al., 2016). Due to the high volumes of effluents constantly
discharged from WWTPs, WWTPs thereby remain a major source of microplastic released to
marine and aquatic environments (Murphy et al., 2016, Ziajahromi et al., 2017, Talvitie et al.,
2017, Mintenig et al., 2017).
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CLAIM technology
Two wastewater treatment technologies will be developed in the CLAIM project: an
automated filtering system to remove visible-sized microplastics and a photocatalytic
coating to reduce nano-level microplastic pollutants. The two are linked in that the filtering
system is intended to optimise the operation of the coating equipment, although the former
can also be installed on its own. Both technologies will be developed in order to be applied
within the purification process of WWTPs. An overview of relevant stakeholders for
wastewater treatment technologies can be found in the Annex.

Overview of enabling policies for wastewater treatment technologies
Regulations and laws
The costs of developing and employing WWT technologies to remove microplastics may be
inhibitive (Environmental Audit Committee, 2016), making incentive structures and the roles
of local and regional authorities central in the uptake of these technologies. Different
regulatory measures up-stream may be more cost effective and efficient than end-of-pipe
solutions. Examples of such measures might be bans on the use of plastic microbeads in
personal care products or product standards requiring appropriate filters to be installed in
washing machines to avoid leakage of plastic microfibers (Life-Mermaids Project, 2015). In
fact, measures to address the sources of microplastic pollution ending up in sewage should
be prioritised in EU Member States according to the waste management hierarchy
mandated in the Waste Framework Directive (2008/98/EC). Nevertheless, the magnitude,
complexity and urgency of the issue of microplastics in marine environments require a mix
of measures from design of products, via users to end-of-pipe.
A number of regulations at the EU-level influence the uptake of WWTP technologies for
microplastic removal. Descriptor 10 for determining ‘good environmental status’ under the
Marine Strategy Framework Directive (MSFD) (2008/56/EC) explicitly relates to marine
litter 8, and provides an incentive for States to, for instance, take measures to improve WWTP
retention of microplastics (Newman et al., 2013). The Water Framework Directive (WFD)
(2000/60/EC) requires Member States to ensure all surface waters meet ‘good ecological
status’. However, litter is not a criterion and States are therefore not obliged to take
measures to reduce litter, including microplastics, entering surface waters 9 . A number of
targeted EU directives support the WFD, some of which are of particular relevance to WWT
8 Descriptor 10: “Properties and quantities of marine litter do not cause harm to the coastal and marine environment”.
9
It should be noted that the WFD is up for review in 2018 and suggestions have been made to modify it to
explicitly mention requirements for marine litter.
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technologies addressing microplastics. The Urban Waste Water Treatment Directive
(UWWTD) (91/271/EEC) aims to reduce the pollution of water bodies by domestic sewage,
industrial waste water and rainwater run-off, although its current requirements are relatively
weak regarding litter and microplastics are not explicitly covered. Further, the Directive
suffers from poor compliance (Newman et al., 2013). As a majority of microplastics captured
by conventional WWTPs currently end up in the sewage sludge, provisions in the UWWTD
about the disposal of sewage sludge could also be relevant. Similarly, potential future
updates to the Sewage Sludge Directive (86/278/EEC) might act as either a barrier or enabler
for the CLAIM technologies, for instance if stricter requirements are introduced on the
microplastics found in sludge for secondary use. Finally, if microplastics were to be
considered a hazardous substance e.g. in permitting for WWTPs or under the Environmental
Quality Standards Directive (2008/105/EC), it would put immediate pressure on water
companies to find solutions.
Investments (including research and development)
The EU Plastics Strategy (COM(2018) 28 final) acknowledges that more research is needed
to develop innovative solutions to prevent the dissemination of microplastics into the
environment, including ways to improve the capture of microplastics in WWTPs (European
Commission, 2018b). Further, Annex I of the Plastics Strategy lists actions to curb
microplastics pollution, including evaluating the UWWTD and its effectiveness on
microplastics capture and removal (European Commission, 2018a). Once conventional
alternatives have been developed, municipalities and other local governments could, as part
of wider approaches to minimise leakage of microplastics, commit to invest in WWT
technologies.
Market-based instruments
Charges on pollution of wastewater effluent, such as those applied in Germany and France,
could be applied to microplastics pollution. Such charges are generally passed onto
households through wastewater charges (Rademaekers et al., 2011). Essential for the
application of effluent charges on microplastics pollution, as well as other policies addressing
retention of microplastics from WWT, is the development of common methodologies for
monitoring microplastic pollution in wastewater, monitoring systems are discussed in
chapter 6. Finally, as microplastics entering the oceans become a global issue, international
cooperation and development of ambitious standards will be important to achieve an
absolute reduction.

Competing technologies
A number of studies and research projects are currently exploring innovative technologies to
capture microplastics in WWTPs. (Talvitie et al., 2017) examined the efficiency of four
advanced final-stage treatment technologies to remove microplastics from WWTP effluent.
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The results showed that a Membrane Bioreactor (MBR) removed 99.9% of microplastics,
rapid sand filtration removed 97%, dissolved air flotation achieved 95% removal and finally a
disc filter 40-98.5% removal. The smallest sized fraction (20-100µm) and textile fibers were
the most common microplastics both before and after the treatment processes. The
Henriksdal WWTP in Stockholm, Sweden, is converting its existing conventional activated
sludge process to a MBR. This is expected to become the world’s so far largest MBR facility
with a capacity of 1.6 million PE. On-site pilot-scale experiments (Baresel et al., 2017) have
resulted in 100% removal efficiency of microplastics of sizes >20 µm.
KD Group in Vejle, Denmark, has developed a membrane technology called VeSave®, which,
according to the company’s Managing Director Jens Krogh captures all microplastics (KD
Group, 2015). In 2016, KD Group, VIA University College and Eurofins Miljo A/S initiated a
trial at the Vejle WWTP to examine the amount of microplastics that the filter can retain.
After six months, the filter was able to remove up to 90% of microplastics from the effluent
(Vejle Spildevand, 2016).
The economic model for KD Group seems to be a conventional equipment manufacturer
model, but not enough information found about the business model defined for the
exploitation of these technologies to obtain conclusions. The business canvas for the value
proposition can be determined, and is displayed in Table 9. Interesting the way the publicity
of SME guarantee: Danish small and medium-sized enterprises have an attractive offer for
their foreign business partners. They can help you secure a long-term credit from a Danish
bank, when you place an order with them of up to DKK 25 million (EUR 3.3 million/ USD 4.4
million). The solution is called an SME guarantee, as it is designed to help Danish small and
medium-sized enterprises (SMEs) to do business abroad. It is backed by EKF, Denmark’s
official export credit agency owned by the Danish state.
Different advanced final-stage treatment technologies exist to remove microplastics from
wastewater. These have been tested by Talvitie et al (2017) to study the effectiveness at
removing microplastics specifically (though technologies remove different sized plastics),
and membrane bioreactor removed 99.9% of microplastics, rapid sand filter was 97%
effective, dissolved air flotation removed 95% of microplastics and disc filter was 98.5%
effective. This study suggests there are highly effective techniques that can remove
microplastics though, no costs are mentioned. VeSave is a membrane technology that has
been used since 2007 in Denmark to specifically remove microplastics. Specifications on this
technology can be found on the website, and costs may be attainable by contacting their
sales. The membrane system requires 9kW per hour (www.dwe.dk). According to Alfa Laval,
they have developed technology can achieve filtration down to 0.2-0.4µm and “thereby
effective removal of all microplastic fractions” (Alfa Laval, 2017).
In 2015, the Danish Government provided funding for two projects exploring new
technologies to remove microplastics from WWT. Firstly, AL2-Teknik A/S (a collaboration
between Vandcenter Syd, Svendbog Forsyning, Dankalk, Ingeniorshojskolen Aarhus
Universitet and Teknologisk Institut) has received funding to develop a technology to reduce
microplastics from WWTP effluent by 99%. The technology removes organic material and
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microplastics from the primary treatment stage with the use of a newly developed filter
technology. AL2-Teknik A/S is bringing the technology to the market following two different
ways: (a) as a product: selling and installing the filter, separation system and mixer. (b) as a
Service: understood as the service of analysing the needs of the customer for offering
tailored solutions. The business canvas is presented below in Table 10.
Secondly, µPLAST, led by Krüger A/S (a collaboration between DTU Miljo, Aalborg
Universitet, Biofos, Molleåvaerket and Billund Vand) will investigate the capacity of different
cleaning technologies to retain microplastics from WWT effluent, as well as where in the
treatment process such intervention is most important. The project will conduct laboratory
tests, pilots and full-scale deployment.
Two other projects have been identified exploring technologies for removing microplastics
from WWT. The BONUS CLEANWATER project has received funding, e.g. from the EU, for
exploring, developing and comparing new technologies for removing emissions of micro
pollutants and microplastics into the Baltic Sea. “The project will use four innovative
technologies which will be explored and further developed to reduce micro pollutants and
microplastics in wastewater focusing on finding solutions that are both cost- and energy
efficient”. Not enough information found to obtain valuable conclusions about the value
proposition and the economic model for the BONUS CLEANWATER project.
The University of Koblenz-Landau in Germany is leading the Water 3.0 (Wasser 3.0) research
project on next generation technologies for removing microplastics in wastewater. The team
has, for instance, developed a hybrid silica gel that forms lumps onto which microplastics
absorb and float to the surface of treatment basins. Not enough information found to obtain
valuable conclusions about the value proposition and the economic model for Wasser 3.0.
However, value attributes selected for the value proposition seems to be common to other
solutions (customization of the solution, efficiency in the treatment of a variety of stressors)
and are shown in the Business Canvas in Table 11.
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Table 9: Business Canvas Danish Wastewaters Equipment/ KD Group
Danish Wastewaters Equipment (www.dwe.dk).
Key Partnerships

Key Activities

●

●

Key Resources

Value Proposition

Customer
Relationships

● Newness:

●

•

Channels

●

Different technologies for demonstrating efficiency of
capturing microplastics from different sizes.

Customer Segments

●

● Performance:

•

Cost Structure

Water treatment capacity (efficient removal of
microplastics from 90 to 99.9%)
Revenue Streams
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Table 10: Business Canvas AL-2 Teknik
AL-2 Teknik A/S (http://www.al-2.dk/en/)
Key
Key Activities
Partnerships ● Analysis and
consulting
●
● Design
● Manufacturing
products
(customizing)
● Training
● Maintenance and
optimization
Key Resources
● Laboratories and

equipment for
analysis
●

Cost Structure
●

Value Proposition
Solutions offered to the market as a product
and as a service. Products are:
● AL-2 Belt Filter til for mechanical filtration and
● AL-2 Separation System for chemical /
mechanical separation and
● AL-2 Mixer for polymer blending.
The products are partially standardised but can
be customised and manufactured according to
customer-specific requirements.
Service includes analysis, test and pilots for the
for offering the best solution relevant to the
needs of the customer.
● Performance:
• Customizable: the products can be
customised and manufactured according to
customer-specific requirements.
• Dedicated personal supporting during the
whole process identifying needs and
solutions, customization of the products,
training, maintenance and optimization.

Customer
Relationships
● Dedicated
personnel
assistance during
the whole process
● Co-creation
design for
customizing and
optimizing the
products
Channels
● Direct sales forces

Customer Segments

● Bio Mass Heating and Power plants
● Abattoirs, Food, Dairies,

Ingredients and malting
● Fisheries, Aquaculture, Fish

processing, Fish feed production
and Feed mills
● Laundries
● Horticulture
● Chemical industry, oil handling and
oil treatment
● Offshore industry, drilling mud and
drilling rigs
● Waste treatment and receiving
stations /Municipal wastewater
treatment plants
● Slurry separation, agriculture and
biogas (cooperation with Cir-Tech
A/S)

Revenue Streams
●
Asset sale: design, production and installation of the filter, separation system and mixer.
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Table 11: Business Canvas Water 3.0
Water 3.0 (www.wasserdreinull.de/en)
Key
Partnerships
● Key allies
process
engineering
and
analysis of
water
stressors

Key Activities

Value Proposition

● Design of

● Technology: Holistic approach of Wasser 3.0 and

tailored
solutions
● Analysis
● Production of
materials

Customer Relationships
Dedicated personnel
assistance during the whole
process
● Co-creation design for
customizing and optimizing
the products

●

Customer Segments
● Waste Water plants

the transfer of technologies into “water
● Industries of any sector
engineering performance” developed.
that pours waste into
Accompany customers in the optimization,
the water
modernization and the new construction of their
water and wastewater treatment plants to
decrease of energy and maintenance costs,
●
ensuring time reduction and safety.
Key Resources
Channels
● Materials: The products of Wasser 3.0 are
●
● Direct sales forces
innovative hybrid silica gels. With their porous
●
surfaces, these customized materials can
absorb, chemically transform and thus firmly fix
great quantities of trace substances. The
concept of the synthesis of modular adaptable
inorganic and organic hybrid silica gels is also
known as functional design.
Cost Structure
Revenue Streams
● Production of hybrid silica gels
●
Asset sale: sell of hybrid silica gels for water treatment
● Services for design and optimization
●
Usage Fee: Offer services for the optimization of wastewater treatment plants
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6. Litter Monitoring Technologies
Monitoring marine litter is an essential tool to help address this form of pollution. Despite
growth in research on microplastics and marine litter more widely, there remain significant
data gaps in the sources, pathways and sinks of plastic in the marine environment. Different
technologies can be used to support data collection on marine litter. In order to better
manage marine plastic, accurate information about characteristics, quantities and behavior
of litter in aquatic environments is necessary. Monitoring technologies are used to
understand marine plastics and provide data to be used in policy, research and management.
A number of technologies already exist on the market to support different marine litter
monitoring methodologies. Different institutional policies can support or act as barriers to
the uptake of these technologies. Table 12 outlines the common methodologies currently
applied for monitoring marine litter. Methodologies can be distinguished by the method of
observation used (sight, lab based, IR microscope etc.), the location of litter (sea bed, floating
at sea, on beaches etc.) and the type of litter (micro, macro, ingested by biota etc.). Each
methodology will have specific technological requirements and institutional enablers.
Table 12: Common methodologies applied for marine litter monitoring
Marine litter
group

Methodology

Description

Beach litter

Beach-visual

Beach litter monitoring

Floating litter

Floating-visual

Ship based observation used for floating litter, usually on ships of
opportunity. Difficulties for smaller items, identifications and
categorisation.

Floating trawl

Suitable for sampling meso and microliter. There are several types of nets
(e.g. Manta, Neuston, Horizontal Bongo, and inflatable macro
trawls/booms).

Aerial observation

Observation from air can detect items greater than 40cm (or larger if using
satellite data).

“Fishing for litter”

Fishing for litter relies on the observation of litter brought aboard by the
nets of fishing vessels. This method relies on incentivising and engaging
the fishing industry.
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Marine litter
group

Methodology

Description

Sea floor

Trawling

Trawl surveys can estimate macro litter on the seabed on shelves or
canyon bottoms. These make use of standardised international research
programs, such as the Baltic International Trawl Survey (BITS) and the
Mediterranean Trawl Survey (MEDITS)

Video

Also relevant for surface surveys (e.g. JRC Sealittercam). Can quantify
marine litter items in transects.

Divers

Suitable for shallow waters particularly in coastal areas. Used in the
Mediterranean and Baltic. Irregular, likely to be carried out annually.

Submersibles

Can also be used for deep sea observations, for example at depths of 2002500m. Likely to be irregular and costly.

Bird/fish/turtle
ingestion

Focus on abundant species which forage at sea, and have a high incidence
of ingested litter – e.g. Fulmars, Shearwater, Sea turtles. For species such
as Loggerheads the method is reliant on the collection of dead turtles.

Entanglement

The entanglement of marine animals in litter has been described as a
serious mortality factor. However, rates of observation remain sufficiently
low to contribute to litter data.

Intertidal sediment

Containers and scoops can be used to collect sediments from the shore.
FT-IR spectroscopy can be used to identify polymers (not in situ).

Sub-tidal sediment

Utilises grabs or cores to collect sediments from vessels FT-IR
spectroscopy can be used to identify polymers (not in situ).

Continuous
plankton recorder
(CPR)

This method samples directly from the water column using nets and
trawls. These methods look at the subsurface (<10m). Relies on
subsequent analysis using dissecting microscopes or FT-IR spectroscopy
(not in situ).

Biota

Microplastics

CLAIM technology
In the CLAIM project, a technology will be developed which focuses on marine microplastic
monitoring. This will provide a passive prototype filtering system to be placed in the existing
flow through FerryBox system circuit. This chapter reviews relevant enablers and barriers for
this marine litter monitoring technology, with reference to its competitors. The final section
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identifies relevant stakeholders, this will help to identify relevant interviewees for
stakeholder interviews as part of Task 5.2.
The FerryBox system
The CLAIM technology is focused on retrofitting FerryBoxes, a type of monitoring device
used to assess water quality on ferries. The first Ferryboxes recorded data on plankton,
subsequently more sophisticated technologies were developed which can observe multiple
water quality features. Ferryboxes have advantages over other forms of “automated”
monitoring such as:
 Ship energy is sufficient to include complex systems
 Location inside ship is sheltered to prevent damage including biofouling
 Maintenance can take place at harbours (unlike for buoys and platform)
 A transect is produced rather than single location data
A distinction should be made between Ferrybox operating institutions – i.e. those who
manage the ferry boxes and the data they collection, and the FerryBox carrier, i.e. the
operator of the ship carrying the FerryBox. Foreseeably both actors are relevant to the
uptake of the CLAIM technology.
In Europe, a number of institutions are FerryBox operators. In the Baltic Sea, this includes the
Swedish Meteorological Institute (SMHI), Finnish Environment Institute (SYKE), the
Estonian Marine Institute (LOMI), and the Department of Marine Systems (Tallinn University
of Technology, TTU). In the Mediterranean Sea ferry boxes are operated by the Hellenic
Centre for Marine Research (HCMR), Institute National des Sciences et Technologies de la
Mer (INSTM), and Cagliari University.
In addition to this, a number of FerryBox carriers including ferry operators (e.g. Corsica
Ferries, Tallink, Tunisia Ferries, Anek Lines and Finnlines OY) and cargo shipping companies
(DFDS TorLine and Linea Messina) allow FerryBox operators to use their vessels. FerryBox
carriers are present in both the Baltic and Mediterranean seas. A full table of Ferrybox
operators and carriers is available on the FerryBox website 10.

Overview of enabling policies for monitoring technologies
Not all methodologies for marine litter monitoring will necessarily compete with the
FerryBox system. Overarching frameworks for marine litter monitoring recommend the use
of a mixture of methods as part of a comprehensive and coordinated monitoring and
verification programmes (Maes, 2017) (Vlachogianni, 2017) (TSG-ML, 2013). Different types
of measures will therefore determine the uptake of the CLAIM monitoring system as part of
10

https://www.ferrybox.com/
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systematic monitoring efforts. Relevant measures to support the uptake of monitoring
technology include regulations, R&D investments and information tools, as well as the
specifics of the FerryBox system.
Regulations and laws
A number of EU level policies support the uptake of marine litter monitoring technology.
Notably environmental legislation which establish quantitative and qualitative marine litter
reduction targets, thus requiring monitoring programmes.
Under the Marine Strategy Framework Directive (2008/56/EC) (MSFD), Descriptor 10 of
‘good environmental status’ (GES) focuses on marine litter. It states: “Properties and
quantities of marine litter do not cause harm to the coastal and marine environment”. GES
must be attained by 2020. Common criteria for measuring the descriptor are outlined in a
Commission decision (2010/477/EU) 11 . This covers five types of litter: marine litter on
beaches, litter in the water column, litter deposited on the sea floor, micro-particles (in
particular microplastics), and litter ingested by marine animals.
In 2014, a report by the JRC assessed the extent to which Member States had established
targets and indicators to address the MSFD, it showed that only 15 MS had done so and to
varying degrees of completeness. Only 4 MS had included microplastics in their assessments
– with 16 MS reporting lack of data (JRC, 2014,pg. 128). Furthermore, the report concluded
that “harmonization efforts are needed for comparability purposes” between Member
States – a total of 7 different units were being applied (providing a barrier to data
comparison).
The Circular Economy Action Plan (COM(2015) 614 final) includes a specific target on marine
litter: “reducing marine litter by 30% by 2020 for the ten most common types of litter found
on beaches, as well as for fishing gear found at sea, with the list adapted to each of the four
marine regions in the EU.” The recently published Plastics Strategy identifies the following
actions (COM(2018) 28 final):
 Improved monitoring and mapping of marine litter, including microplastics, on the basis
of the EU harmonised methods
 Support to Member States on the implementation of their programmes of measures on
marine litter under the Marine Strategy Framework Directive, including the link with
their waste/litter management plans under the Waste Framework Directive
An additional non-quantitative target exists for marine litter in the UN Sustainable
Development Goals: “by 2025, prevent and significantly reduce marine pollution of all kinds,
particularly from land-based activities, including marine debris and nutrient pollution.”

11

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32010D0477(01)&from=EN
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United Nations Regional Sea Programmes, specifically the Barcelona and Helsinki
Conventions in the Mediterranean and Baltic Seas respectively, provide specific guidelines
and frameworks for the monitoring of marine pollutants include plastics and microplastics.
Investments (including research and development)
A range of investments from both private and public sources support the uptake of marine
litter monitoring technology. Most relevant to this type of technology are likely to be
investments as part of ongoing or future research programmes focusing on marine
observation. In this field, key funders might include intergovernmental, international and
national scientific research bodies and institutions, academic institutions (including marine
institutes), non-governmental organisations, private investors with specific interests in the
marine environment, philanthropic donors.
A number of ongoing long-term monitoring initiatives may make budgets available for
marine litter monitoring. This could include those linked to the EU and national monitoring
programmes for the MSFD, or the UN regional seas programmes. For example, the 2015
“Marine Litter Assessment in the Mediterranean” 12 was co-funded by the EU and the
Mediterranean Trust Fund of the UNEP/MAP Barcelona Convention.
National bodies with responsibilities for data collection with relevance to marine litter issues
(e.g. marine, oceanographic, hydrological, and geomorphological) also have the ability to
support investments with access to public funds. The European Global Ocean Observing
System (EuroGOOS), and more specifically the Baltic Operational Oceanographic System
(BOOS) and Mediterranean Operational Network for the Global Ocean Observing System
(MONGOOS) systems, provide partnerships for the national monitoring initiatives in the
CLAIM pilot areas. EuroGOOS also provides oversight to the existing FerryBox network 13.
Short term research and development programmes, including CLAIM itself, may help to
bring new technology forward, and encourage their uptake in the research community.
Notably, a number of FP7 EU funded research projects have previously examined marine
litter data, examples include CLEANSEAS, COMMON SENSE, JERICHO, JERICHO-NEXT 14,
MARLISCO15 and MyOcean 16 as part of Copernicus.
Information tools and methods
Guidance methodologies for monitoring marine litter have been developed by a number
institutions. Guidance documents can help to formalise and homogenise methodologies
which can support improvements in the quality, quantity and comparability of data, and in
some cases will recommend specific technology to apply in the monitoring process.
12

http://web.unep.org/unepmap/new-report-marine-litter-assessment-mediterranean
http://eurogoos.eu/ferrybox-task-team/
14
http://www.jerico-ri.eu/
15
http://www.marlisco.eu/
16
http://marine.copernicus.eu/
13
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One example is the UNEP/IOC Guidelines on Survey and Monitoring of Marine Litter. This
guidance document covers four approaches to marine litter data collection: rapid beach litter
assessments, comprehensive beach litter assessments, benthic (sea bed) litter assessments,
and a floating litter assessment. Chapter IV. Operational Guidelines for Floating Litter
Assessment is most relevant to the CLAIM technology, as it focuses on the use of “trawl
equipment”. Having said this it also identifies the risk of “by-catch” from trawling techniques,
and the risk posed to wildlife. The report recommends the use of “ships of opportunity”, i.e.
where litter observation can be incorporated into existing operations at sea. The report
outlines detailed information to support the design of a methodology for litter, as well as
providing a standardised litter classification system (UNEP/IOC, 2009).
At the EU level, the JRC alongside the European Marine Strategy Framework Directive
Working Group on Good Environmental Status (WG-GES) have developed the guidance
“Marine Litter Technical Recommendations for the Implementation of MSFD Requirements”
(2011) 17 and “Monitoring Guidance for Marine Litter in European Seas” (2013) 18 . For
microplastics, the document focuses on lab-based methodologies. The EU funded Interreg
project Marlin – Baltic Marine Litter 19 developed the UNEP guidelines in order to establish a
monitoring method for beaches on the Baltic Sea.
The second part of the Joint Group of Experts on the Scientific Aspects of Marine
Environmental Protection (GESAMP) identifies the need to “Encourage the effective and
open exchange of best practice (sampling and analysis, harmonization) and data on the
distribution, fate and effects of marine litter, to encourage cost-effective and integrated
monitoring, assessment and management strategies”.

Competing technologies
Microplastic analyzer & mini-seawater sampling system.
This EU-funded project which was completed in February 2017, focused on the development
of sensors to detect different environmental pollutants in sea water (including noise,
eutrophication, microplastics and heavy metals). This included the development of a “sensor
to measure and quantify the surface concentration of small plastic particles (microplastics)
in the off-shore environment”. The project developed one sensor relevant to microplastic
monitoring - COMMON SENSE Microplastics Analyser and MISS (Mini-Seawater Sampling)
System. This combines a microplastic monitoring system and an autonomous sampling
system based on Niskin bottles. The sensor allows for in situ monitoring of water in real time,
based on “automated optical interrogation techniques”. The microplastics sensors have now
17

https://circabc.europa.eu/sd/a/1991bb4a-6364-43ba-b8fa-10d0ab5d768f/CHAPTER%202%20DRAFT%20MSFD%20Monitoring%20Guidance%20TSG-ML%2011072013.pdf
18
https://circabc.europa.eu/sd/a/1991bb4a-6364-43ba-b8fa-10d0ab5d768f/CHAPTER%202%20DRAFT%20MSFD%20Monitoring%20Guidance%20TSG-ML%2011072013.pdf
19
http://www.cbss.org/wp-content/uploads/2012/08/marlin-baltic-marine-litter-report.pdf
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been deployed on a number of vessels (Oceania vessel, Minerva Uno Vessel, and a racing
yacht) and stationary locations (Oristand Local harbour).
The microplastic analyzer was created under the Common Sense project and can detect and
quantify 70% of microplastics using fluorescence technology, UV image acquisition and
finally an algorithm that calculated the particles of microplastics. The analyser is reported by
the designers as almost fully automated, which reduces sampling and analysis time, and
human intervention is only required for maintenance. Because of this, they say the system is
cost effective, which was an explicit goal of the Common Sense project (however costs are
not available online) (www.commonsenseproject.eu). The project report also mentions that
the analyser did successfully detect microplastics during two test runs, however, there was a
water leak and other bugs that reduced the accuracy of the analysis. The scientists conclude
that there would need to be much more work done to improve the analyzer before it was
effective (www.commonsenseproject.eu).
The mini-seawater sampling system uses Niskin bottles to sample sea water in real time
using pumps and built in sensors. This system can be in combination with the microplastic
analyser as both were built within the Common Sense EU project, and also reported as ‘cost
effective’ without giving costs or performance metric (www.commonsenseproject.eu).
The level of development of the prototypes (TRL5 in case of COMMON SENSE Microplastics
Analyser and TRL7 in the case of the Mini-Seawater Sampling System) and the lack of
information make difficult to obtain conclusions about the business model intended for the
market uptake, but we can obtain some conclusions. It is a cost-oriented business model:
thanks to the technology it is possible to offer an automated solution without human
intervention (only for maintenance).
Apart from the automation, other value attributes are: the real time monitoring, the
performance (variety of plastic sizes and compositions -polyethylene, polypropylene,
polystyrene, polyester, polyamide to be identified) and the mobility. The business canvas for
COMMON SENSE is presented in Table 13.
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Table 13: Business Canvas Common Sense
COMMON SENSE (www.commonsenseproject.eu)
Key
Partnership
●

Key Activities
● Production
● Commercializat
ion
● Maintenance
Key Resources
● Patented
technology

Value Proposition
● COMMON SENSE Microplastics Analyser and MISS
(Mini-Seawater Sampling) System. This combines a
microplastic monitoring system and an
autonomous sampling system.
● Newness:
• Automation (human intervention only required
for maintenance)
• Real time monitoring
• Interoperability with other sensors

Customer
Relationships
● Automated transfer
of real time data
Channels

Customer Segments
● Companies working with sensors
will be interested as potential
licensees of the technology, while
national reference laboratories
would be the end users.

● Not available

● Performance:

•
•

Microplastics detection capacity: variety and size
Mobility
● Price: it works via automated optical interrogation
techniques to drastically reduce sampling and
analysis time and produces data in real time.
Cost Structure
Revenue Streams
● Low-cost: automated optical interrogation
● License fee?
technique
● Asset sale: production and installation of the modular system?
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7. Conclusions
This report aims to provide an overview and assessment of currently available marine litter
technologies as a benchmark for the assessment of the CLAIM technologies in Workpackage
5. To inform this review, an online survey among the CLAIM experts and technology
developers was instrumental in pointing out existing technologies and initiatives. Following
the types of CLAIM technologies, a distinction was made between technology categories
aimed at marine litter collection, transformation, treatment in wastewater treatment
facilities and monitoring. Based largely on secondary (online) data and information, the
policy and regulatory framework surrounding the introduction of new technologies and
initiatives was described at the level of the technology categories, while the costeffectiveness and underlying business models were addressed at the level of the individual
technologies. Due to a lack of data and information, it appeared to be impossible to assess
the technologies on the basis of additional aspects and criteria in a more integrated
assessment. This suggests that also the assessment of the CLAIM technologies in later
stages of the project may be challenging, and requires careful coordination between both
the technology developers and scientists working in CLAIM to ensure the relevant data and
information will be available at a later point in time for Workpackage 5 to conduct a more
comprehensive multi-criteria analysis of the CLAIM technologies. The main conclusions
coming out of the institutional, business model and cost-effectiveness analysis will be
presented below first, followed by a discussion related to a broader multi-criteria analysis.

Institutional analysis
The importance of tackling the issue of marine litter has been strongly recognised in a
number of policy frameworks, including conventions, regulations, agreements and action
plans. The presence of marine litter management in current policy frameworks is an enabling
factor for the implementation and uptake of the technologies proposed by CLAIM. Meeting
good environmental status, as mandated in the EU Marine Strategy Framework Directive
and Waste Framework Directive, directly links to marine litter and incentivizes EU member
states to take action accordingly. Implementing litter clean-up and recovery technologies,
improving wastewater treatment plants and litter monitoring systems can all contribute to
this goal. Despite the various opportunities and incentives for the uptake of the technologies
being developed in CLAIM, a number of competing technologies exist which need to be
taken into consideration, as well as regulations affecting the proposed technologies,
practical features (size and location), side-effects and environmental implications (e.g.
accidental by-catch) which represent barriers to their implementation.
It is worth noting that the proposed technologies fit a relatively low level of the waste
hierarchy mandated in the EU Waste Framework Directive. It is generally recognized that
measures aimed at collecting, recovering and monitoring litter already present in the water
represent end-of-pipe solutions and may therefore not address the marine litter issue
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adequately or even effectively from the point of view of preventing additional litter from
entering the oceans. However, technologies of this kind can still provide, together with more
upstream measures, an important part of the solution to the problem. Indeed, it is widely
accepted that no single measure can effectively address marine litter and that a mix of
measures is better placed to lead to greater results.
An additional enabling factor for the implementation of the proposed technologies is the fact
that they can significantly contribute to monitoring marine litter. Existing knowledge gaps
in the sources and pathways or marine litter are a clear indication of the need for better litter
monitoring systems. In addition, current environmental legislation aimed at setting
reduction targets for leakage to the environment and microplastic contamination require,
and will benefit from, improved monitoring.

Business model analysis
The level of technology readiness of some technologies on the one hand, together with the
confidential character of how an organization creates, delivers, and captures value based on
an innovative technology, on the other hand, make it difficult to obtain conclusions from the
business models of already existing technologies. Most solutions are being sold as products
(Seabin, Seavax, RAM Europe, Plastic Mining Co-operation, Danish Wastewater Equipment
or Al-2 Teknik A/S) some others are being provided as services (Baltimore Inner Harbor,
Lindenau WRS-System or Wasser 3.0) and in some cases in both ways alternatively (The
Ocean Cleanup, Recycling Technologies Ltd., Bonus Clean Water).
Some recurrent value attributes conforming the value proposition are:
 Automation: no need of human intervention for operational or maintenance activities;
 Autonomy: power or lack of maintenance;
 Connectivity and geo-positioning (especially in cases combined with mobility);
 Real-time information availability (about collection, treatment or monitoring
performance);
 Efficiency of resources, including the use of renewable energy (tidal, solar, wind, river
current…) contributing to the autonomy of the device and the preservation of the
environment;
 Capacity of performance: Collecting, transforming, filtering/ treating and monitoring
capacity (in terms of quantity, weight, size and variety of plastics);
 Mobility;
 Mode: water, land, both;
 Lifespan.
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More frequent business models seem to follow a “conventional equipment manufacturer”
model covering in an unbundled way three different types of businesses: product innovation,
customer relationship and infrastructure management. Hardly open innovation business
models collaborate with outside partners for capturing value. Only one remarkable example
(Plastic Mining Cooperation) could be identified based on a free technology design created
by Precious Plastics Project. The Plastic Mining Co-operation ‘acquires’ the technology and
concentrates on buying innovation and commercializing it via products based on the creation
of a community and a multi-sided platform including training.
The creation of a community, the publication of results in terms of collection or treatment
capacity contribute to the public acceptance of the technologies and the public spending. No
particular patterns were found however between the different technology categories (Litter
Collecting, Litter Transforming, Wastewater Treatment and Monitoring).

Cost-effectiveness analysis
Limited, poorly explained information about costs are available for competing CLAIM
technologies. Some technologies are being sold as products directly on markets, such as the
SeaBin and RAM beach clean-up machines, and costs would be relatively easy to find if not
published already. Systems like the Baltimore Water Wheel, Recycling Technologies’ RT7000
and membrane wastewater treatment require larger capital investments to install, but have
been replicated and costs could be calculated. The other technologies (SeaVax, The Ocean
Cleanup boom project, monitoring systems) are at various stages of development and are
not yet available on markets or have cost estimates for implementation beyond pilot
experiments and tests. These costs are not available and would probably be difficult to
acquire.
Information about the technologies’ effectiveness is even more sparse, and the information
that is available should be interpreted critically. The recycling technologies waste to energy
system reports high efficiency numbers, but does not provide data to validate the
information. The Baltimore Water Wheel provides much more detailed accounts of all trash
collected, however it does not compare this to trash not collected, so nothing can be said
about the degree of trash prevented from entering the ocean. The SeaBin has an estimate
for the amount of trash each bin can capture, however no validated reports confirm their
estimate and a local news article about an installed bin contradicts the organization’s
statements about its performance. The Ocean Cleanup and SeaVax both rely on modelling
for their effectiveness data, and these models have not yet been validated. In fact, the
membrane wastewater technology is the only technology that has been reviewed for its
effectiveness in a peer reviewed journal. All other technologies only have organization
reports or data to support their effectiveness information, while most have no information
available at all.
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Taken together, it is clear the information on costs and effectiveness for marine litter
management technologies is not readily available. Since much of these technologies are still
in development stages, this information is likely to be confidential. It would be difficult to
assess the cost-effectiveness of each technology unless more detailed information can be
acquired.

Multi-criteria analysis
The information on the competing technologies seems in some cases to have been written
for commercial purposes and in others to flag ongoing research. The ambiguity of materials
provided and the poor characterisation of some technologies, as well as the lack of validation
already mentioned in the previous section related to the cost-effectiveness analysis, made it
impossible to implement a multi-criteria analysis of the competing technologies.
Furthermore, the alternative technologies to be evaluated are highly case-dependent with
respect to the characteristics of the types of plastics they target (micro versus macro) and
the different types of measures taken at the source or at the end of the pipe, including the
associated policies, laws and legislation. The exact origin and nature of marine litter must be
traceable. This is particularly difficult when it comes to microplastics, which will have come
from a multitude of sources over an extended period of time. If the source of plastic and
microplastic waste can be traced and identified this would greatly enhance the prospect of
finding ways to reduce the release of these pollutants at sea. The removal of masses of debris
would be managed more efficiently and effectively if we are able to identify them more easily
once they have formed. This would be achieved if we can predict where large accumulations
are likely to occur, as is the focus of Workpackage 1 in CLAIM, and thus establish long-term
conditions and trends in marine debris accumulation. Related to this are the pathways by
which litter causes the spread of chemical exposure and bioaccumulation and hence affect
wildlife habitats. Marine litter is a key indicator for reaching the good environmental status
of oceans and seas in Europe. As such, environmental criteria are of crucial importance to
inform decision-makers about the consequences of implementing technologies for marine
litter removal, treatment and transformation. These can involve the level of contribution to
prevent the spread of invasive species (Wilson et al. 2009) and habitat alteration,
degradation, or destruction as well as to avoid rivers’ clogging. Benefits from marine
ecosystems services for restoring the regulation of important functions, such as nutrient
cycling and climate regulation, are important criteria as well.
The specific characteristics required for plastics products are highly dependent on their final
use. This means that, in each individual area, plastics can incorporate different types and
families of chemicals added to polymers. As a result, local knowledge of the plastics spread
along the coast needs to be monitored in order to propose suitable alternative technologies.
Other characteristics such as temperature or ionic strength and survival ability can influence
the partitioning of chemicals into marine plastic debris. Criteria such as the physical
interference (obstruction) of sunlight, surface scoring, and abrasion that harm the normal
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equilibrium of different existing species communities and the frequency of incidents (e.g. sea
traffic or species harmed for example by competing technologies) should be accounted for.
The level of carbon emission in all phases of development and use of the technologies
through Life Cycle Analysis (LCA) as well as their contribution to reduce the concentration
level of environmental pollutants in the aquatic environment (pollutants such as
polychlorinated biphenyls or PCBs and organochlorine pesticides that have been recorded in
plastic marine debris) or the impact of residues or waste and by-products generated by the
implementation of a technology, should be part of the integrated assessment. The effects of
removal efficiency of microplastics or the rate of removal of visible-sized microplastics have
to be well-thought-out.
Marine debris can furthermore result in a wide spectrum of socio-economic impacts,
including human health issues. Benefits from using technologies that will improve activities
such as recreation and tourism (Ghermandi and Nunes, 2013) and fisheries are ideally
factored in as well. Aspects related to microplastics´ potential to cause adverse public health
effects such as cancer, impaired reproductivity, decreased immune response, and
malformation in animals and humans have to be included insofar possible in view of the fact
that there exist tremendous knowledge gaps about these effects.
Criteria related to the achievement of European objectives focusing on the development of
a circular economy can be included through the evaluation of indicators such as energy
recovery, metal extraction or the production and exploitation of syngas from the breakdown
of macro plastics, based on high temperature plasma pyrolysis, etc.
The investment costs for implementing the technologies also have to be determined. Criteria
to evaluate the financial costs involved in marine litter reduction, treatment or
transformation, such as devices for catching litter, treatment infrastructure, maintenance
and operation costs, energy, labour and rehabilitation costs are also expected to play a key
role. Furthermore, their acceptance by local authorities, marine user groups, sea and ferry
companies will also have to be part of the analysis.
Hence, most of the evaluation criteria regarding alternative technology solutions will be case
dependent because of the diverse biophysical conditions, the pathways in different coastal
areas and seas, the local characteristics that influence the partitioning of chemicals into
marine plastic debris, some local practices (e.g. plastic fishing gear, waste thrown out into
rivers, etc.). The complexity and dynamics of natural systems, the lack of knowledge about
sources in some cases, the definition of marine litter pathways, as well as the effects of
macroplastics and microplastics that are still not fully known (Garmendia et al.2017) and new
types of pollutants are examples of challenges when addressing social and political realities.
Therefore, flexible solutions have to be considered for an adaptive management as new
information becomes available. A multi-criteria analysis can cover different sustainability
spheres or even sustainable development goals by involving various perspectives held by
different stakeholders and the uncertainties surrounding impacts of alternative marine litter
technologies. Therefore, defining criteria is a complex and challenging task. An important
question will also be to decide on the relevant time horizon to be used to set a reference or
baseline for the comparison across technology alternatives. For example, what is a
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reasonable starting point, are there any places still in a ‘pristine’ state with respect to marine
plastics anywhere in the ocean?.

To this end, various monitoring activities have to be developed for the definition and
measurement of alternatives and criteria. Additionally, the continuous monitoring of coastal
and marine activities, characterizing pollutants, levels of ecosystem services, species,
microplastics, etc., is fundamental for the longer term success of management practices
aiming at a sustainable management of the European regional seas. Criteria such as the
ability of sensors to collect data for describing those parameters are essential. Aspects like
mobility or in situ monitoring and real-time self-adapting automation to changing conditions
are features that may have to be considered, as well as their costs.

62

Annex I: Overview of stakeholders for different categories of technologies
Overview of relevant stakeholders for litter collection technologies
Relevant measure

Stakeholder group

Specific example

Marine research institutes/ think
thanks (including experts on
bycatch regulations)

Ifremer

Francois Galgani

International Council for the
exploitation of the Sea (ICES)
European Marine Board

Sheila Heymans

Mediterranean Sea focus

Union for the Mediterranean –
Department of Water and
Environment

Miguel GarcíaHerraiz Roobaert

Organizations which have initiated
eco-labels for beach/water quality
standards

Foundation for Environmental
Education - International Blue Flag
Director

Sophie Bachet
Granados

Maritime sector

Sea Traffic management
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Overview of relevant stakeholders for litter transformation technologies
Relevant measure

Stakeholder group

Specific example

Technology adoption

Ship/Port Facilities
Employer/Employee

Autorité Portuaire
Communale d’Anvers

Waste Treatment
Company/Association

https://www.plasticsrecyclers.
eu/

http://www.eproplasticsrecycling.org/

Ship construction

NGO

Seas at Risk?
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Overview of relevant stakeholders for wastewater treatment technologies
Relevant measure

Stakeholder group

Specific example

Experts on WWTP
retention of
microplastics

Department of Built
Environment, Aalto
University

Julia Talvitie

IVL Swedish Environmental Christian Baresel
Research Institute AB
Technology trials/
existing solutions

Industry-research
collaboration

Vejle Spildevand (WWTP)

Jens Ejner Christensen, foreman
Mikael Schultz, Director

BONUS CLEANWATER

Kai Bester (Aarhus University) is
coordinating the project.
kb@envs.au.dk

WWT industry
representative

Someone from Alfa Laval?

Textile industry
representative
European Tyre
Manufacturers Association
(ETRMA)

Mrs Fazilet Cinaralp, Secretary
General of ETRMA

Personal care products
representative?
White goods industry

Whirlpool; Roberta Segalini, HR
Director GPO EMEA & Global
Platforms
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Overview of relevant stakeholders for monitoring technologies
Relevant measure

Stakeholder group

Specific example

Marine Strategy Framework

JRC

Nikolaos Zampoukas
nikolaos.zampoukas@jrc.ec.e
uropa.eu
Andreas Palialexis
Georg Hanke

Danish Ministry of the
Environment, Nature Agency

Tonny Niilonen
tonny@blst.dk

German Environment Agency
(UBA)

Stefanie Werner (co-chair
TSG-ML)

European Commission (DG
Environment)

Michail Papadoyannakis
Michail.Papadoyannakis@ec.
europa.eu

European Commission (DG
Mare)
European Marine Strategy
Framework Directive Working
Group on Good
Environmental Status (WGGES)
Circular Economy and Plastics
Strategy

European Commission (DG
Environment)

Werner Bosmans
Werner.BOSMANS@ec.euro
pa.eu

European Commission (DG
GROW)
Regional Seas Conventions

Helsinki Convention/HELCOM helcom.secretariat@helcom.f
i
Barcelona Convention

Ferry box operators

Dr. Thomais Vlachogianni
vlachogianni@mio-ecsde.org

Swedish Meterological
Institute (SMHI)
Finnish Environment Institute
(SYKE)
Estonian Marine Institute
(LOMI)
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Relevant measure

Stakeholder group

Specific example

Department of Marine
Systems (Tallinn University of
Technology)
Cagliari University
HZG
Institut National des Sciences
et Technologies de la Mer
IFREMER

Ferry box carriers (nonexhaustive)

Francois Galgani (chair TSGML)
Francois.Galgani@ifremer.fr

Tunisia Ferries
Corsica Ferries
Tallink
Anek Lines
Finnlines OY
DFDS TorLine
Linea Messina

EU Funded Research projects

COMMONSENSE
CLEANSEAS
COMMON SENSE
JERICHO
JERICHO-NEXT
MARLISCO
MyOcean

Global Ocean Observing
System

European Marine Observation Selene Álvarez Peña
and Data Network
alvarez.pena@emodnet.eu
(EMODnet)
European Global Ocean
Observing System
(EuroGOOS)

info@eurogoos.eu
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Relevant measure

Stakeholder group

Specific example

Baltic Operational
Oceanographic System
(BOOS)

Jun She
js@dmi.dk

Mediterranean Operational
Network for the Global Ocean
Observing System
(MONGOOS)

Enrique Alvarez Fanjul
enrique@puertos.es

Joint Group of Experts on the
Scientific Aspects of Marine
Environmental Protection
(GESAMP)
National Bodies (Baltic) (nonexhaustive)

Giovanni Coppini
giovanni.coppini@cmcc.it
Peter Kershaw
peter.kershaw@cefas.co.uk
theoffice@gesamp.org

Swedish Meteorological and
Hydrological Institute (SMHI)
Maritime Institute in Gdansk
(MIG)
Tallinn University of
Technology, Marine Systems
Institute (MSI)
Institute of Oceanology,
Polish Academy of Sciences
(IO PAN)
Institute of Meteorology and
Water Management (IMGWPIB)
Defence Centre for
Operational Oceanography
(FCOO)
Federal Maritime and
Hydrographic Agency (BSH)

National Bodies
(Mediterranean) (nonexhaustive)

Spanish Institute of
Oceanography (IEO)
National Institute of Biology
(NIB)
National Institute of
Oceanography and
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Relevant measure

Stakeholder group

Specific example

Experimental Geophysics
(OGS)
Italian National Agency for
new technologies, energy and
sustainable economic
development (ENEA)
National Research Council of
Italy (CNR)
Hellenic Centre for Marine
Research (HCMR)
Mercator Ocean
Ifremer

Appendix II: Semi-structured interview protocol - draft
Introduction to the project
The Horizon 2020 project, CLAIM – “Cleaning Litter by developing and Applying Innovative
Methods”, focuses on the development of innovative cleaning technologies and
approaches, targeting prevention and in situ management of marine litter (including
microplastics) in the Mediterranean and Baltic Sea.
The project focuses on the development of several innovative technologies which aim to
support:
 Marine litter collection
 Marine litter transformation (energy recovery or recycling)
 Waste water treatment
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 Marine litter monitoring
The overarching objective of the project is to advance the market readiness of these
technologies, with the aim of implementing them at suitable locations across Europe. A
number of pilots will be tested in the Mediterranean (Lyon Gulf, Ligurian Sea, Saronikos
Gulf) and the Baltic Sea (near Denmark).
Part of the project involves an assessment of the viability of each technology in economic
and governance terms. This involves assessing the cost-effectiveness of each technology,
as well as relevant policy frameworks which can support their implementation. An initial
review of existing and competing technologies has been conducted to provide an initial
mapping of relevant policies, measures and stakeholders. In addition, a number of
stakeholder interviews will be conducted to gather information to support the
development of the technologies.
The stakeholder interviews will support Work Package 5 (title of the WP) of the project, by
providing information relevant to the assessment of economic and political barriers or
opportunities which exist for each technology.

Experts and stakeholders will be interviewed to gather information on:
 Funding instruments available to support the implementation of marine litter clean-up
technologies at the local/national/ EU level;
 Institutional and administrative barriers to implementing marine litter clean-up
technologies at the local/national/ EU level;
 Other stakeholders who might be relevant to support WP5/CLAIM;
 Anything else?
Process for conducting the interviews
The following section outlines a process for conducting the stakeholder interviews for WP5.
The interviews will most likely be semi-structured, allowing interviewers the freedom to
explore additional questions based on the responses from interviewees. It should be noted
that more structured interviews may allow for information to be more quickly compared or
categorised.
It should be noted that WP5 will also include a number of other forms of stakeholder
engagement:
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 A public online survey
 Workshops (internal and external)
 Anything else?
An effort should be made to avoid overlap between the various stakeholder engagement
elements (unless to confirm information). Likewise, the team should try to avoid “survey
fatigue” i.e. contacting the same stakeholders and organisations several times via different
WPs within CLAIM. For this reason, there may need to be some coordination between WP5
and other WPs.
Depending on the nature of the stakeholders and interview questions, the interview may
take different formats. For some stakeholders only a small number of questions may be
necessary.
It is foreseen that most interviews will take place via telephone or where possible (and cost
effective) in person.
Ideally, interviews will be conducted in the native language of the respective interviewee.

Methodology for the implementation of the interviews.
Step 1 – Develop a long list of stakeholders
A long list of stakeholders relevant to WP5 will be developed. To some extent this has been
stated with the document we have developed on google documents. These should be
relevant stakeholders to each technology groups. There will also likely be a number of
horizontal stakeholder – such as policy makers – who are relevant to two or more
technologies.
Step 2 – Develop a long list of questions or gaps in our knowledge
The team should develop a long list of questions which, if answered, would help the
development of WP5. Where possible these questions should be associated with specific
stakeholders, technologies, or policy areas.
Step 3 – Develop a short list of interviewees and questions
As interviews are resource-intensive, an effort should be made to minimise the number of
interviews and the number of questions given to each interviewee.
Step 4 – Contact interviewees
Stakeholders will be conducted directly via email in order to arrange a suitable time for an
interview. Permission should be requested to record interviews (e.g. audio or written
notes).
Step 5 – Carry out interviews
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The interview will be conducted as arranged with the interviewee. Interviewees maybe be
given the opportunity to review their responses, or add additional information at a later
date where this is appropriate. A copy of the interview will be stored in a safe place with
respect of GDPR rules.
Step 6 – Analysis of results
Relevant information from the interviews will be taken and used in WP5. This can simply be
done by sharing specific questions and their answers with those who proposed. An initial
review of the interview by the interviewer will help to identify relevant information. In some
cases interviews maybe shared with other WPs.

Initial questions to assess policy barriers and opportunities
General - EU level
 What measures are in place at the EU level to support the reduction of microplastics
 What investment tools support the reduction of microplastics in the EU
 Does the EU have any specific instruments to support marine litter reduction in the
Mediterranean and Baltic Seas
General - National level
 What measures are in place in your country to support the reduction of microplastics
 What investment tools support the reduction of microplastics in your country
 What are the main sources of microplastics pollution in your country?
 Are there any specific funding instruments to address marine litter in the (Baltic or
Mediterranean sea in your country (depending on MS location).
General - Local/regional level
 TBC.
Marine litter collection
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 How can the size and the location (e.g. river mouth) of the technology be prevented
from obstructing sea traffic?
 How can unintentional bycatch be prevented?
 What institutional settings can represent an obstacle for the implementation of the
technology in water? Do they differ across territories?
 What funding is available to support marine litter clean up?
 How can voluntary initiatives such as eco-labels and standards incentivise the use of the
technology?
 How is marine litter removed in your region?

Waste water treatment
 What would you say is the current level of maturity of WWTP technologies for the
retention of microplastics?
 Do you know of any microplastic retention technologies that have already been applied
to WWT? If so, which technology(-ies)?
 What funding is available to support the development of WWTP technologies for
microplastic retention?
 In your region, what are the main stakeholders/institutions involved in developing
WWTP technologies for microplastic retention?
 Who/what would you say is the main driver for developing this type of technologies –
industry/market, research/academia, public institutions/policies, etc.?
 What would you say are the primary (if any) institutional or administrative barriers to
developing and implementing WWTP technologies for microplastic retention in your
region? Across the EU?
Litter transformation (incinerator)
 What benefits could the CLAIM technology offer compared to a traditional incinerator?
 How does the collection of debris/waste impact the core activity of the boats/ports?
 What incentive do parties have to collect and recover waste?
 What other stakeholders would this technology appeal to?
 Do you currently use any litter transformation or energy recovery systems?
 If so, how much litter is currently dealt with in this way?
 If not, how much litter do you think could be dealt with in this way?
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 Is there a risk that a new litter transformation or energy recovery system could divert
waste from existing treatment higher up the waste hierarchy?

Marine litter monitoring
 How are you involved in marine litter monitoring
 What are the main methods used to monitor marine litter in your region (beach litter
collection, floating surveys, biota, sea floor surveys etc.)
 What funding is available to support marine litter monitoring
 What institutions are involved in marine litter monitoring
 Are you aware of the FerryBox system? Do you know any actors using the FerryBox
system?
 How does your region perform on MSF (2008/56/EC) Descriptor 10? Where does your
information come from?
 Are you involved in any marine data collection initiatives (e.g. EuroGOOS, MONGOOS,
BOOS)
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