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EXECUTIVE SUMMARY 

In the following document a waste management analysis through-life assessment of waste 
generated and the possibilities of recycling. The goal and scope of the report, are with a view to 
identify, minimize and manage waste in a cost-effective manner. To assess and identify the waste 
generated in the processes involved in the implementation of the solutions developed in the 
project, this document will: seek inputs directly from the FIBRESHIP partners involved; take 
cognizance of current ship recycling regulation/legislation (for example, IMO Hong Kong 
Convention and the EU Ship Recycling Regulation; review publicly available relevant literature and 
consult with relevant stakeholders particularly with recycling shipyards. The waste generated 
through composite material production of larger structures are identified and quantified, for a 
specific size structure. Comparably the waste of a steel ship production is also taken into 
consideration and identified for the purpose of comparing the types of waste. The techniques used 
for joining or bonding during assembly/fabrication and dis-joining during dismantling have 
significant impact on waste generation and its management.  
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1. COMPOSITE WASTE GENERATED IN PRODUCTION 

 

1.1. Introduction 

Increased interest in the use of composite materials, has spread into several industries, such as 
but not limited to, automotive, aerospace and maritime products, as such the waste generated 
from a composite production is bound to increase. There is no question that the interest in using 
composite materials are related to very good mechanical properties, the ability of creating 
advanced geometries while keeping weight and a corrosion resistant material, compared to 
conventional steel. However, we must in a timely manner, respect and address the problem, that 
increased production using fibre reinforced plastic, FRP, will increase the waste generated. This 
section will briefly highlight and identify the amount of waste generated in FRP production, using 
current available novel methods, for larger composite structures in relation to shipbuilding. 

The waste generated through construction and demolition activities is expected to have 
considerable environmental effects. As mentioned in previous sections, in regards to using 
composite materials in production, we need to re-evaluate the current framework and legislation, 
in order to identify and unify the challenges and solutions to a large-scale composite production, 
across several industries, which ensures proper waste handling and possible better re-usability  in 
the future waste management infrastructures. 

 

1.2. Methodology: 

This section will briefly describe the methodology used for the data collection, as a part of the 
production of large composite structures. The following steps have been investigated, data has 
been collected and the result of this work will be discussed after the data analysis. 

- Identification of processes involved with composite production. 

- Identified process categories. 

- Data collection from production 

- Results 

- Discussion. 
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1.3.  Identification of composite production processes 

The following section seeks to briefly identify the processes and operations involved with 
composite production. The first stage of identifying the waste generated in the composite 
production, is to identify all the production processes of fibre-based production. Therefore, please 
find below, the following processes and operations which have been identified through a thorough 
examination of current production facilities, using vacuum infusion. The identification process 
started with a clean sheet of paper, and each operation and process step were discussed internally 
and documented. The result hereof was the development of the so called “waste-snake”, a 
flowchart of the manufacturing operations, which can be seen in figure 11. 13 processes were 
identified. 

 

 
Figure 1 - Composite Production waste-snake 

 

As a result of the identification of the operations involved with the production. It was decided to 
evaluate the 13 processes, and the waste generation with respect to three crucial waste 
categories. 

These are as follows: 

1. Material waste 

2. Time, man-hour waste 

3. Other resource's generated waste (heating, electricity, transport, property expenses) 

 

Materials: 
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The materials are strictly the predefined materials used within the production. The waste 
concerning the materials are highest during actual production. 

Time wasted: 

The time wasted, is defined as operations where a mismatch between high time consumption and 
a low production value can be observed. Again, the biggest time waste, can be seen in the areas 
where production is waiting on resin-curing, demoulding, and cutting of materials. Storage 
management and internal transport of materials are also a contributor to unnecessary time 
waster. 

Other resources:  

Rent, heating, for storage and production facilities are a necessary evil for composite productions. 
A clever supply chain and operations management system can mitigate the impact on waste. 
However, compared to steel, the storage of fibre plies and chemicals does add bigger economic 
constraints. Resin and fibre materials needs to be stored under predetermined temperatures, to 
ensure proper mechanical properties, especially if pre-preg is used, and in facilities with, according 
to legislation, enough ventilation to reduce the risk of health damage. These temperature and 
ventilation controlling systems needs to run at all time, which will increase the amount of 
electricity used, and therefore also be an increased expense Furthermore, the use of more 
advanced chemicals, also require are specific waste disposal strategy, which for some shipyards 
and manufacturers using composites in general, can be a more costly affair compared to steel 
production.  

 

 

 

 

 

 

 

 

 

 

Figure 2 - Internal weighting scheme 

 

Materials Time waste Other Resources SUM

Storage of materials 20 20 67 107

Mould preparation 8 40 15 63

Lay-up of Reinforcement and core 45 27 15 87

Cutting of reinforcement 25 50 10 85

Resin and catalyst mixing 31 10 20 61

Infusion 65 40 55 160

Curing 5 25 55 85

Demoulding 3 18 10 31

Cutting and grinding 55 50 40 145

Surface treatment 43 25 20 88

Assembly 58 40 25 123

Outfitting 28 20 18 66

Logistic 14 35 50 99
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Continuing on the identified processes and correlating the three categories with the 13 identified 
processes, an internal waste factor weighting of the expected waste generations was carried out. 
A total of 4 persons have internally analysed each process, with respect to the 3 types of waste, 
through a weighted scale, ranging from 0-100 points. The higher points a process is given, the 
greater the expected impact on waste generation is believed to be. The result from this weighting 
scheme can be seen in figure 2 below. 

 

The outcome of this weighting was an identification of the following five highest rated waste 
generated processes, based on the beforementioned three crucial waste generating categories. 
Across of the 3 identified overall waste categories. The 5 highest weighted processes in each of 
the three waste categories can be found in figure 3 below. 

 

 
Figure 3 - Five highest scoring processes of each waste category 

 

The waste generated, is highly depended on the process, which of course is to be expected. To 
summarize the total outcome of the weighting schedule, of each process in the three identified 
waste categories, please find figure 4 below, which is a simple chart, seeking to highlight the 
percentage of each waste category. 

 

 
Figure 4 - Waste category percentage of each composite production process 

Materials Points Time waste Points Other resources Points

Infusion 65 Cutting of reinforcement 50 Storage of materials 67

Assembly 58 Cutting and grinding 50 Infusion 55

Cutting and grinding 55 Mould preparation 40 Curing 55

Lay-up of Reinforcement and core 45 Infusion 40 Logistik 50

Surface treatment 43 Assembly 40 Cutting and grinding 40
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The 13 processes have been evaluated, within the scope of the three different waste categories. 
The outcome of this can be found below: 

 

• Storage of materials 

- In this process, it was found that “other resources” is the biggest source to waste 

• Mould preparation 

- In this process it was found that “time waste”, was the biggest source to waste 

• Lay-up 

- In this process it was found that “materials” were the biggest source to waste 

• Cutting fibre plies 

- In this process it was found that “time waste” was the biggest source to waste 

• Resin and catalyst 

- In this process it was found that “materials” were the biggest source to waste 

• Infusion 

- In this process it was found that “materials” were the biggest source to waste 

• Demoulding 

- In this process it was found that “time” was the biggest source to waste 

• Cutting and grinding 

- In this process it was found that “materials” were the biggest source to waste 

• Surface treatment 

- In this process it was found that “materials” were the biggest source to waste 

• Assembly and joining 

- In this process it was found that “materials” were the biggest source to waste 

• Outfitting 

- In this process it was found that “materials” were the biggest source to waste 

• Logistics 

- In this process it was found that “other resources” were the biggest source to waste 

 

1.3.1. Section conclusion 

The initial work performed here resulted in the identification of 13 operational processes which 
can be carried over to all shipyards and industries which use dry fibre composite plies which are 
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then vacuum infused with resin, as well as second bonding of composite parts and surface 
treatment.  

Three categories of waste were identified: Materials, Time waste, and Other resources. The 
identified processes will be used as the core foundation for setting the framework, regarding the 
data collection process, and will be based around these production operations. It was also 
identified that time waste and other resources has a significant share in the total waste generated 
during fibre composite productions. This waste is carried over in relation to materials as Resin, 
fibre plies, core materials etc. require controlled temperatures and heating, requirements, storage 
in relation to fire safety as described by local fire authorities compared to a traditional shipyard. 
Ventilation for chemicals used etc. 

Furthermore, the time wasted from each process, are also dependent on the size of the shipyard 
and location of material storage. In other words, larger shipyards may need to investigate the 
operational management and rearrange the internal supply chain of materials, in order to reduce 
the wasted time, which are a consequence of material transport from storage to production. 

 

1.4. Production waste collection methods 

 

The structure which was used for data collection, consists of a surface area of 33m2 and a unit 
weight of 600kg.  Combined weight of carbon fibre and glass fibre, core material and resin. The 
following section will briefly elaborate on the framework used in order to collect the data for 
production generated waste in CRFP production during the production of a large composite 
structure for a vessel. The composite structure for the collection of the waste data have the 
following dimensions: 

Length: 7 meters  

Width: 2.65 meters 

Height: 2.5 meters 

 

The definition for waste materials created by production are as follows: All excess materials, which 
does not enter the CRFP structure, and is not applicable for reuse in future structures. As such, 
waste materials can be considered all types of materials which will go into the Garbage bin and 
sent for destruction. It is important to note, that for a full life cycle analysis, materials which are 
used in the structure, will also create waste further down in the life cycle. But this is not considered 
in this part of the production. 
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All the wasted materials are separated accordingly to their waste type and separated into their 
own individual container, which then will be weighted. Based on the internal process and 
operation identification from the “waste-snake” model, the following waste types was identified 
in the production categories. 

• Mold preparation 

• Vacuum materials 

• Fibre materials 

• Core materials 

• Resin 

To further clarify the waste in each category, please find the bullet points below: 

1. Mold preparation 

- Bodysuits 

- Gloves 

- Knifes 

- Scissors 

- Writing material 

- Tape 

- Screws 

- Vax and release agent 

- Jigsaw blades 

2. Vacuum materials 

- Spiral hoses 

- Infusion Hoses 

- Vacuum bags 

- L-connector 

- T-connector 

- Valves (small and large) 

- Spray glue 

- Vacuum bags (all sizes) 

- Tacky tape 

- Mesh 

- Stirring sticks 

- Buckets 

- Infusion boxes 
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3. Fibre materials waste, from cutting the plies, unusable smaller pieces. 

- Glass fibre,  

- Carbon fibre  

4. Core materials 

- Core materials which cannot be reused 

5. Resin systems 

- Polyester, 

- Vinyl ester, 

- Epoxy,  

- Adhesive systems 

 

Results: 

The following table will show the results, of the amounts of waste generated by producing larger 
composite structures, by novel vacuum infusion methodology. 

 
   Table 1: Results of the amounts of waste generated by producing large composite structures. 

 

 

 

 

 

 

 

 

 

1.5. Conclusion 

The part produced had a total weight of 600kg. The structure produced a waste of 301kg which is 
a not unsubstantial amount of waste created. As of now, we do not believe that the amount of 
waste created is in a linearity with the size of the structure, we do believe that the waste curve 
will flatten out at some point. It is also important to note, that in the category of Vacuum materials, 
bits of resin are also found in the hoses, buckets, mesh, etc., which will add to the weight in this 
category. 

Category Measured Weight of waste in their respective container 

Vacuum materials 190,5 kg 

Helping materials 20,9 kg 

Fibre Materials 80,66 kg 

Core materials 9 kg 

Total 301,06 kg 
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2. STEEL SHIPBUILDING PRODUCTION PROCESSES 

During manufacturing process of a steel build vessel different types of waste materials are 
generated, both as redundant materials from the building process or auxiliary/complementary 
materials used during the processes, that must be disposed of in accordance with regulations. 
Each step of the building process is resource consuming as well as waste generator, considering 
primary materials, electric energy, fluids, shipyard equipment, personal safety equipment that are 
used. To have a more specific overview, we can define some major processes and main types of 
generated wastes: 

- hull building: steel material from cutting operation (plates and profiles), welding residues 
(solid material and exhaust gases), 

- surface preparation: blasting material, 

- grinding material, 

- COV-painting: paint residues, 

- COV-outfitting, machinery installation: excess of materials used in outfitting work plan 
completion, 

- testing: oil residues which may occur during trials   

Steel cutting and shaping generates wastes such as scrap metal from steel plate cutting and 
shaping, paint and solvent from coating the steel and spent abrasive from the removal of oxidation 
and unwanted coatings. Scrap metal poses no inherent environmental hazard and can be recycled. 
However, paint and solvent waste is flammable, and spent abrasive may be toxic depending on 
the characteristics of the unwanted coating. 

As the steel is fabricated into modules, piping is added. Preparing the piping for the modules 
generates wastes such as acidic and caustic wastewater from pipe cleaning. This wastewater 
requires special treatment to remove its corrosive characteristics and contaminants such as oil 
and dirt. 

Concurrent to the steel fabrication, electrical, machinery, piping and ventilation components are 
prepared for the outfitting phase of the ship’s construction. These operations generate wastes 
such as metal-cutting lubricants and coolants, degreasers and electroplating wastewaters. Metal-
cutting lubricants and coolants, as well as degreasers, must be treated to remove the dirt and oils 
prior to discharge of the water. Electroplating wastewaters are toxic and may contain compounds 
of cyanide that require special treatment. 

Maximizing the efficiency of the building process still leaves space for generating waste through 
manufacturing: 

- hull building – 15 to 20% material loss from the initial quantities 
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- surface preparation, corrosive protection: 35 to 40% material loss from the initial 
quantities 

- outfitting – piping & mechanic – 3% material loss from the initial quantities 

- outfitting – electrical – 2% material loss from the initial quantities 

- accommodation: 15% material loss from the initial quantities 

 

Waste management 

The concern for compliance with legislative requirements on environmental protection and the 
need for harmonization of the economic progress with rational management of material and 
energy resources should lead to the recovery of waste by technologies that offer both 
economically and ecologically optimal solution: 

- rigorous management of waste and reduction of waste quantity at source. 

- controlled storage of all categories of waste generated on the platform of a shipyard. 

- advanced recycling of the waste produced by their reintroduction into the various stages 
of the process flow, thus ensuring protection of the natural resources of raw materials. 

- increased use of wastes by converting them into raw materials for other industries 

Focusing on a strong management for the environmental protection as part of the administration 
and operation of a shipyard will enhance the environmental quality performance. The evolution 
of marine industrial systems in the context of a modern concepts of total quality and sustainable 
development promoted by the proposed environmental policy is based primarily on the 
understanding of specific technological processes in conjunction with environmental issues 
focused on restoring the balance, particularly through recycling: process-environment-recycling-
energy. Environmental excellence, incorporated into all processing activities, can be promoted 
through the principles supported by: 

- continuous improvement of the environmental performance through systematic 
monitoring of the environment factors, minimizing the environmental impact and using 
the principle of pollution prevention. 

- reducing waste generation at source, and where they inevitably occur, they should be 
capitalized or if this is not technically or economically feasible, they must be controlled 
stored while avoiding or reducing any impact on the environment. 

- implementing clean technologies and best practices in the field by investments leading to 
environmental protection and savings of both energy and raw materials 
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Steel shipbuilding production flowchart 

For identification of a comparable steel production related waste snake, similar to the one 
identified with composite production, please find the processes in figure 5 below. 

 

 

 
Figure 5 - Steel production waste snake 

 

Overall, this process each shipyard is having his own waste generated management system in 
order to minimize the amount of generated waste and maximize the reduction of it, reusing, 
recycling. For the percentage summary of the 3 waste categories for a steel shipyard please see 
figure 6 below. 

 

 
Figure 6 - Waste category percentage of each steel production process 
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3. INTRODUCTION 

During some decades now the so-called composite materials have been widely used in both, 
structural and non-structural applications. Composite materials are a polymer-based resin or 
matrix which holds a high tensile fibre. The resin, its chemical composition and physical properties, 
fundamentally affect the processing, fabrication and ultimate properties of composite materials. 
Variations in the composition, physical state, or morphology of a resin and the presence of 
impurities or contaminants in a resin may affect handleability and processability, laminate 
properties, and composite material performance and long-term durability (1). The fibres provide 
the main mechanical properties of the composite, nowadays there are a great deal of them that 
cover a diversity of application. They have several divisions, between organic (Aramid) and 
inorganic (Glass or carbon), cost wise, recyclability properties, mechanical properties and others. 
Some of the widely used fibres are: Carbon, graphite, aramid, glass and Kevlar.  

Both, fibres and resins have experienced a constant development during time in the last decades. 
A lot of effort has been put into the understanding and modelling of these materials, as well as 
the improvement of their mechanical properties. However, production with the composite 
manufacturing process still has a great manual labour involved, and the amount of waste produced 
(mainly in the mould and demoulding process) is more than substantial. The same applies for the 
end of life of the composite products, being a mix between materials of usually great mechanical 
properties the dissociation of them is impossible by mechanical means. And the deal of work that 
is required to do so, time and energy wise, has been demonstrated to not pay off for most of the 
cases. Regulations are not mature yet, and the ones that apply are usually generic and demands 
the proper dismantle of materials typically without any guidelines neither support from the 
auxiliary industry.  This leads to an industry with no end of life solutions, with products that end 
up usually in landfills or similar waste disposal methods. 

This work package task deals with the matter of composite recycling and waste material 
management. During the following chapters the reader will go through a deeper explanation to 
the composite materials, focusing on the two mainly used fibres (carbon and glass). It enunciates 
their main properties and some industrial applications for the reader to assess the properties and 
uses of the Fibre Reinforced Plastics (FRP). Core materials, for example Polyvinyl Chloride (PVC), is 
also explained and overviewed. PVC is a non-structural plastic widely used in a lot of industries. It 
has practical uses together with FRPs. In the last chapters this text deals with the matter at hand 
of waste management, starting with an overview of the actual recycling processes and finishing 
with a circular economy solution for the FRP materials. 
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4. INTRODUCTION TO FRP AND PVC 

The deliverable 2.1 of the WP2 of the Fibreship project presents a description of the materials of 
recommended use for the design of the vessels. The main goal of this deliverable was to 
manufacture and evaluate different composite materials and provide a key criterial for selecting 
fibre reinforced materials for ships greater than 50 meters in length. The deliverable is divided in 
two sections, in the first section the seven resin systems of interest were evaluated and compared, 
using similar manufacturing processes to the ones that the shipyards use. In the next section or 
stage, two resin systems the LEO Vinyl ester from Saertex/Bufa and SR 1125 epoxy resin from 
Sicomin were chosen for further analysis. 

This paper brings a sort of materials, arranged so it can be used to something similar to a 
catalogue. This should guide the readers and allow them to take a proper decision in their design 
process. Down below the authors of this work package document present a general overview of 
the materials and their properties. Knowing the material properties is key to understand the waste 
management as they might change during recycling processes or present some effects or 
limitations over the latest. 

 

4.1. Glass fibre description and properties 

Glass fibre or fibre glass is a cheap material used as reinforcement in the composite materials that 
were previously mentioned. Even though they are not as rigid as carbon fibre it is much cheaper 
and significantly less brittle when used in composites.  Their low cost is usually the reason why 
they are preferred in industrial applications. 

There are several types of fibre glass available in the market. They all present different properties 
and fabrication procedures and a great variety of applications. A general overview is presented 
below, following the reference (2), with the general characteristics of these different glass fibres: 

 

- A-glass: Alkali glass made with soda lime silicate.  Used where electrical resistivity of E-glass 
is not needed. 

- AR-glass: Alkali Resistant glass made with zirconium silicates.  Used in Portland cement 
substrates. 

- C-glass: Corrosive resistant glass made with calcium borosilicates.  Used in acid corrosive 
environments. 

- D-glass: Low dielectric constant glass made with borosilicates.  Used in electrical 
applications. 
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- E-glass: Alkali free, highly electrically resistive glass made with alumina-calcium 
borosilicates.  E-glass is known in the industry as a general-purpose fibre for its strength 
and electrical resistance.  It is the most commonly used fibre in the fibre reinforced 
polymer composite industry. 

- ECR-glass: ECR-glass is an E-glass with higher acid corrosion resistance made with calcium 
aluminosilicates.  Used where strength, electrical conductivity and acid corrosion 
resistance is needed. 

- R-glass: A reinforcement glass made with calcium aluminosilicates used where higher 
strength and acid corrosion resistance is needed. 

- S-glass: High strength glass made with magnesium aluminosilicates.  Used where high 
strength, high stiffness, extreme temperature resistance, and corrosive resistance is 
needed. 

- S-2 glass: Glass similar to, but with somewhat improved properties with, S-glass.   

 

4.2. Carbon fibre properties 

Carbon fibres are known for their superior mechanical properties over other fibres. They are costly 
to produce both in economic terms (due to the great variety and complexity of procedures that 
are needed to shape this fibres) and thermally due to their energy consumption. This material will 
only be used in a limited extent due to the high cost. 

This material will, in principle, not be used for the possible ship building construction due to its 
great cost. Even though the finished product will possess superb mechanical properties, the 
production and repairment cost will, by far, incur in greater costs that the equivalent project in 
either glass fibre or steel.  Which will, most likely, make the projects commercially non-viable.  

However, even though this material is unlikely to be commonly used in the civil industry at least 
during the next years, it was considered important to materialize a short overview of it and its 
properties. As many of the recycling methodologies exposed in this document are specifically 
destined to these types of fibres. For further details please look in deliveries from WP2. 

 

4.3. Applications 

Within the global market, glass fibre can be applied in virtually any type of sector and can be used 
in many applications due to its properties of low cost and good mechanical performance, as 
identified and described in WP2 reports. Carbon fibres find applications in a wide range of markets, 
although more limited due to their cost, however they excel in high stress demanding applications. 
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Each market has eventually found a way to make use of these materials, some of them for 
structural purposes, other for covers and supports, others for both.  

The automobile industry is one of the largest users of glass fibre. In this market, glass fibre is mainly 
used to make external body panels, bumper beams, pultruded body panels and air ducts, engine 
components, etc. Thus, it has both structural and non-structural applications. The main reason of 
this is that glass fibre is much lighter than metallic ones, making the automobile more fuel efficient, 
as a response to the increased focus on greenhouse emissions. In more demanding applications, 
such as competitive racing cars, carbon fibres have its use, yet they are still not commonly used in 
the affordable automobile market. 

Lightweight and strong materials such as carbon fibre is a key for the energy efficient future, and 
it has showed its contribution in alternative energy application. Its low weight, its resistance is 
helping to make cleaner energy technologies more efficient, durable and reliable. Glass fibre is 
also present in this industry, as for example most of the wind turbine blades and nacelles are 
nowadays made out of glass fibre. The ease in which composites can be shaped allows the easy 
developments of aerodynamic and also resistant profiles. 

Glass-fibre-reinforced composites are therefore also used to make aircraft parts such as 
wings, helicopter rotor blades, engine ducts, and others, due to the previously mentioned 
characteristics. Even though the structural applications of fiberglass have been increasing in the 
last years, its use in the aeronautical industry are still limited as fibre glass is not commonly used 
in structural applications in this industry which relays mainly on high tensile aluminium. Carbon 
fibre is too expensive to be used in airplanes due to the great volume required. However, due to 
its durability, it becomes very beneficial for airline companies. Using carbon fibre as the primary 
aircraft construction material would significantly reduce maintenance costs. Also fatigue and 
corrosion, two of most common problems of metals, is one of the strong points of carbon fibre.  

Another large market where composite is common and has increasingly introduced glass fibre is 
civil construction. Typical applications include the use of glass fibres in polymeric resins for 
panelling, bathtubs and shower stalls, doors, windows, meaning non-structural applications. Yet, 
some alkali-resistant glass fibres have been developed for reinforcement of cement and concrete, 
instead of steel bars which are used for such purposes. It has been successfully replicated the 
same structural application with carbon fibre which has less problems with alkalinity and also a 
higher tensile property. Retrofitting, expanding the heap limit of old structures, substitution for 
steel and pre focusing on materials and fortifying cast press pillars are some other uses of 
composites in this industry. 

The application of composite materials in vessels was initially driven by the need for lighter, 
stronger, corrosion-resistant and durable boats. Nowadays a great percentage of the 
constructions in composites in the small size naval sector are built from fibreglass due to its low 
price, fairly easy modelling and lightness. Sailing boats, fishing boats and pilot boats are some of 
the constructions that benefit from the properties of fibreglass. In addition, it is being used in 

https://www.sciencedirect.com/topics/physics-and-astronomy/glass-fibers
https://www.sciencedirect.com/topics/engineering/bumper-beam
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wooden hull linings, masts, rudders, tanks, hatch covers, small ship cabins, pipes and antennas. Its 
recent use in the manufacture of propellers stands out, achieving a reduction in vibrations 
compared to its metal equivalent (3).  

Additionally, fiberglass polymer is used in the construction of military vessels also due to its non-
magnetic properties. The most important ones are mine-hunting ships, landing craft and patrol 
boats. Fibreglass can also be found in the sonar dome of some submarines, submarine fins and 
torpedo tubes. Despite its extraordinary mechanical properties, carbon fibre is used in fewer 
applications due to its great cost. The main applications of carbon fibre are competition boats, 
certain military vessels and, more recently, in POD propulsion solutions.  

 

4.4. Resins types and their properties 

The resins are the so called matrix of the composite materials. Thus, being the matrix the element 
that provides cohesion to the union while the fibres are the stiffness driver of the composite 
material. ‘Resin is a generic term used to designate the polymer, polymer precursor material 
and/or mixture or formulation thereof with various additives or chemically reactive components. 
During the process of fabrication some of them produce toxic or dangerous gases, this is also true 
for the resins during their decomposition processes (oxidation, pyrolysis, etc). There are great 
variety of resins, their development appeared during the years, and their differences have proved 
to be suitable for different types of applications. 

 

Epoxies are thermosetting resins widely used in prepregs and structural adhesives. The term epoxy 
refers to a family of polymers based on molecules containing epoxide groups. The advantages of 
epoxies are their high strength and modulus compared to other resins, the low level of volatiles, 
excellent adhesion, low shrinkage, good chemical resistance and ease of processing. Their major 
disadvantages are the brittleness and the reduction of properties in the presence of moisture (1). 
The term polyester resin is a general term used for orthophthalic polyester resin or isophthalic 
polyester resin. Two of the main advantages of these resins are relatively inexpensive and fast 
processing resins used generally for low-cost applications. In combination with certain fillers, they 
can obtain resistance to breakdown under electrical arc and tracking conditions, also exhibiting 
higher thermal stability, dimensional stability, and creep resistance. Summarising, the main 
advantage of a polyester is its low cost and its ability to be processed quickly.  

 

Vinyl ester resins on the other hand are considered as an extension of the polyester resin range in 
the way that they are supplied in a reactive monomer in the same way as the cure mechanism for 
polyester resins. Thus, vinyl ester resins have similar properties than a great number of polyester 
resins (4). As it can be observed in Table 2, the mechanical properties of vinyl ester and epoxy are 
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very similar, but the bad behaviour of epoxy in humid environments makes the vinyl ester a better 
solution. 

 

Table 2: Vinyl ester and epoxy resin typical mechanical properties. Source: Compassis (4) 
 

Resin type Density, (g/cm3) Tensile Strength, MPa Modulus, kPa 

Vinyl ester 1.1 81.41 3.35 

Epoxy 1.2 95.85 3.10 

 

4.5. PVC properties 

Polyvinyl chloride (PVC) is one of the most widely produced synthetic plastic. Depending on its 
fabrication its rigidity can change, thus, there exist a range of PVC in terms of mechanical 
properties. The composition of waste materials plays a potentially major role in determining 
emissions and releases to the environment during their management and disposal, and in this 
respect, PVC is no different from other wastes. Therefore, understanding the basic ingredients and 
composition of typical PVC formulations, in order to estimate environmental burdens for PVC 
waste management, is key. 

Nevertheless, it is a ‘weak’ material when compared to the fibre composites and even to some 
resins. Thus, its application is mainly for non-structural application. In this project, and other of 
the same kind, it can be found as a structural component in sandwich laminates or other structural 
dispositions. The reason behind this is that PVC is mainly used for increasing the inertia of the 
structural elements and good adhesive properties. Thus, due to its low cost is quite normal the 
use of it in structural members that do not require of an increase in tensile modulus or others but 
in an increment in their inertia. It is used, for example, as core in sandwich panels and in omega 
type beams.  

As an example, in the case of a ROPAX of 200 meters length approximately 12.000 meters of beams 
will be needed. Taking into account that more that 90% of the total volume of the frames is PVC, 
with an estimated area per omega frame of 0.0229 square meters, approximately 250 cubic 
meters of PVC will be needed for the construction of the vessel. With an average density of 1.45 
tons per cubic meter. This leads to approximately 365 tons of PVC only in the structural frames of 
a ship. Thus, by no means the total weight of the PVC when used regularly in structural applications 
can be disregarded. 
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On the other hand, a material can burn without supporting fuel when it has a calorific value of 
around 15 MJ/kg. This leads to two conclusions: First, security wise the PVC presents difficulties 
when included in structural applications, under extreme heats it will burn, increasing the hazard 
of fire in the whole structure and weakening it by increasing the temperature and by losing its 
properties as structural element, its low temperature resistance when looking at the low softening 
point of the material. Secondly, their recyclability is granted as it can at least be burned and used 
as fuel for heat applications 
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5. STATE OF THE ART IN COMPOSITE AND PVC RECYCLING 

In this report the available techniques for recycling commonly used for composite materials will 
be discussed. Thus, even though there exist a preferred composite material for waste 
management in the project FIBRESHIP it was assumed that in the future each shipyard will have 
their preferences, regarding material usage, and therefore the recycling alternatives shall cover as 
many of them as possible. 

Nowadays a great variety of options exist. All of them share some common previous steps such as 
transportation and cutting and can be appreciated in Figure 7. This figure provides a general 
overview of the current waste management options tree. All the processes are based on chopped 
composite material as a previous step and, as it will be explained in the following sections, due to 
this there is still not viable industrial method that can recover long fibres. 

 

 

 

Figure 7: Recycling pathway alternatives and system boundaries (5).  
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5.1. MECHANICAL RECYCLING.  

Usually the composite materials are used in big structures, therefore for their processing a 
breakdown of the structure in smaller pieces is needed for it to be suitable for transport and 
processing. This is the first step in all recycling processes and is one of the main reasons why the 
application of fibres for structural uses difficult. Due to this breakdown of the material the fibres 
suffer mechanical stresses also being divided in smaller lengths than the original virgin fibres.  

Mechanical processing has also recycling applications, after suitable size reduction the material is 
grounded in a hammer mill or similar and graded. The final product is coarse, mainly formed by 
resin, and a fibrous one made of fibres of various lengths that are still embedded in resin. This 
waste is usually used as a filler, for other fibre composites or used as calcium carbonate (5) for its 
final use in kiln concrete process, also known as co-incineration. The usage of waste as filler 
depends on the application but it is usually limited, typically, to a 10% in weight mainly due to the 
loss of mechanical properties of the objective material. It can also increase processing problems 
(6). The demand for fine or ultrafine particles is increasing in many kinds of industries, particularly 
in solid-state alloying or high-energy milling. The main asset that comminution has is its energy 
efficiency, very low compared with the energy required for other processes, that increases with 
the decrease of produced particle size. 

 

5.2. Landfill 

Landfills are the final destination of most of the products and by-products of all processes. It is the 
typical destination of all residues of urban and industrial areas, usually mixed and difficult to 
separate. Its greatest advantage is its accessibility, because it only requires a space usually a large 
whole is excavated and filled with cement or other type of ground isolating technique. This allows 
the deposit of unidentified materials with possible leakages without great impacts to the earth 
below. Nevertheless, it is desired for the final product to be as inert as possible to avoid leakage 
of toxicity to the environment. 

It is usually the cheapest alternative, as they are typically accessible by road. However, it does not 
provide any economic benefit, and their sustainability is disputed on the long run. 

 

5.3. Incineration 

As it has been explained in previous chapters, composite materials are made of a fibre and a 
matrix. The characteristics of the fibre differs and can be both organic and inorganic, however the 
matrix is in most cases an oil-based product. This makes it combustible, usually with a significant 
energy value. Therefore, incineration of these materials can be used to create either thermal or 
electric energy. For a process to be profitable in incineration the process shall be auto thermal. 
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This means that the material used shall be combustible and do not need of any external fuels to 
maintain the reaction. It is then required for the material to possess a calorific value over 15 MJ 
per kilogram.  

In composites the energy value of resins is notable. However, the mixture with fibres such as 
carbon or glass reduces the calorific value of the overall material. High structural applications are 
usually satisfied with highly density fibre composites. This puts a hurdle over the incineration 
processes as the greater the fibre content the lower the calorific value, and thus it provides fewer 
economic benefits. Therefore, a great amount of volume of composite materials is usually 
required to produce enough energy for practical applications.  

During the incineration harmful gasses can be produced, nowadays installations possess filters and 
other cleanse means so these types of materials can be burned. However, typically these 
installations incur in higher costs when combusting these materials and therefore the fee that 
must be paid is greater. Additionally, the great content of fibres also leads to a great generation 
of ashes which usually should be treated if need after the process and before landfilling, thus, 
increasing even further the economic prospects of this solution. 

 

5.4. Co-incineration 

It is considered co-incineration all processes which goal is the generation of energy and the 
creation of materials. The finished products can use the incinerated material either to the heat 
that they produce, or also for their waste. Using the final ashes or by-products of cremation to 
create these materials. 

The most viable co-incineration process for composite waste management is in cement kiln 
processing. Different minerals are needed to make cement: limestone, clay, and gypsum make up 
most of it. Raw materials are refined into a fine powder, called raw meal, which is then heated to 
a sintering temperature as high as 1450 °C in a cement kiln. The result is called clinker, rounded 
nodules between 1mm and 25mm across. The clinker is ground to a fine powder in a cement mill 
and mixed with gypsum to create cement. The powdered cement is then mixed with water and 
aggregates to form concrete that is used in construction. Clinker quality depends on raw material 
composition, which has to be closely monitored to ensure the quality of the cement (7). It has 
been proven that during clinker fabrication the addition of FRP waste adds not only a self-
sustainable burning material, which will also help to maintain the required temperature of the 
process, but also small nodules that will form part of the clinker. Components of GFRP such as 
alumina and silica also help the production of the cement in an alkaline environment and are 
typically present in Portland cement at about 25%, and in much higher proportions in cement 
alternatives from fly-ash and slag. Boron, which is found in most E-glass, can cause a reduction in 
early strength during the setting of cement, due to the alkaline properties of the cement, the glass 
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fibre can be attacked, and thus, reduce the mechanical properties of the cement. But as long as 
proportions are kept low it is not considered a problem (6). 

Co-incineration with the purpose of cement clinker fabrication is a preferable option to 
incineration in FRP waste management facilities due to two main reasons. First, the mineral 
content of the GRP is recycled into the cement clinker meanwhile in incineration ends up as ashes. 
This leads to the loss of potential valuable materials, which in the case of CFRP should be 
unacceptable. Secondly, the relatively low calorific value of composites makes them not desirable 
in incineration plants, as a great tonnage is needed to satisfy energy requirements. This great 
tonnage also carries a great amount of non-burnable ashes that need to be processed and dealt 
with. 

 

5.5. Pyrolysis 

Pyrolysis is a thermal recycling process that decomposes the matrix at around 400 to 600 °C 
according to its thermal properties to recover fibres. The main characteristic of this process is the 
thermal decomposition in an inert environment or in a controlled atmosphere with a low 
proportion of oxygen to avoid the oxidation of fibres (5). A rapid gasification is needed after the 
principal step to clean the fibres from char of resin decomposition. Moreover, the gas fraction 
produced from the decomposition of matrix can be condensed to be reused as a fuel or burned in 
order to recover heat. 

The total energy used in pyrolysis which is estimated at about 30 MJ per kilogram of composite 
and the recovery rate of the fibre is estimated in the 95 %. Concerning FRP pyrolysis decomposes 
it into three different recoverable substances: pyro-gas, pyro-oil and solid by-product. Pyro-gas 
and pyro-oil comprise about 25% of the pyrolysis reaction output in roughly equal amounts. These 
are free of sulfur, halogens, phosphorous, heavy metals, or other elements that can cause 
environmental problems. Additionally, these gases are burnable, and thus the by-product of this 
reaction can be self-sustainable energy wise. Another option is to send these gases towards 
industries or facilities that might be interested in burning them either for heating or electricity 
purposes. The remaining 75% of the pyrolysis output is the inert solid by-product, this residue 
from the glass fibres and calcium carbonate can be further processed into filler materials. Carbon 
char in the solid by-product has for example the potential to be used in fluid purification devices 
as activated charcoal, asphalt shingles, and paving.  

 

5.6. Fluidized bed 

The fluidized bed process consists of a bed of silica sand with average particle diameter less than 
1 mm. The sand is fluidised by a stream of hot air passing through a distributor plate, at a 
superficial velocity in excess of 0.4 m/s at a temperature typically above 500 °C. The resin burns 
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off the composite and the char degrade, when enough char has been degraded, individual fibres 
break off and are elutriated along with the gases released from the resin. Following elutriation, 
the fibres are separated from the gas stream by a cyclone separator and deposited into a collection 
bin. The gas stream enters a secondary high temperature combustion process in order to oxidize 
them (see Figure 8). 

 

 

Figure 8: Fluidized bed working diagram 

 

5.7. Comparison between technologies 

When the previous alternatives are to be studied their viability depends on both the energy usage 
in each method and the economical availability. A basic approach to assess their economical 
validity is a ‘Cost Benefit Analysis’ (CBA). A cost benefit analysis is a simple method in which all 
expenses and incomes of an activity are considered to a cash balance. This allows to determine 
the profitability of the of a solution in economic terms. The CBA presented in Figure 9 simplifies 
the total expenses by considering mainly the price of the process energy requirement and the 
average cost of transport. Thus, the Benefit of the recovery centres comes from the selling of raw 
material or the produced energy either thermal or electrical. Meanwhile, the environmental 
impact is usually determined by the energy usage, and thus, by the amount of carbon dioxide 
released to the atmosphere. Figure 9 presents a plot comparing the different solutions 
representing their carbon dioxide impact versus their CBA.  This provides a graphical 
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representation that allows to assess the potential benefits of the final processed product and the 
climate change impacts (CCI) measured in tons of carbon dioxide. 

 

 

 

Figure 9: Recycling CBA. (a) for CFRP, (b) for GFRP (5).  

 

In case of CFRP material recovery presents obvious advantages due to the high value of carbon 
fibre in the market. Carbon fibre is not only costly due to the series of complicated processes 
needed for its creation, but also due to the great amount of energy required for every kilogram of 
carbon fibre. Thus, carbon fibre recovery presents great advantages as it provides price 
competitive fibres and with a lower carbon emission. Pyrolysis is a mature technology, that allows 
fibre recovery and even the recovery of other resin by-products, that is why in Figure 9 appears as 
the best viable solution. Therefore, composite combustion and landfill of ash are detrimental to 
this type of composite due to the amount of emissions and also from an economic point of view.  

For GFRP the viable options are not that clear, the graph presented in Figure 9 (b) differs from the 
CFRP one not only in the disposition of the alternatives, but also in the grade of the axis. It is clear 
that the different viable options are closer to the centre, meaning that there is not a great 
difference between them. Glass fibre is a low-cost fibre that has been mass produced for decades. 
Which makes it difficult to compete with in economic terms. The two preferred alternatives are 
pyrolysis and co-incineration, mainly for clinker purposes. Co-incineration is not specially 
preferred in economic terms, but it is by far the greatest contributor to lower the carbon dioxide 
print. In economic terms only pyrolysis stands a real chance, however the additional steps in the 
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process, the low cost of virgin fibres and the loss of mechanical properties in the recycling 
processes jeopardies this method market chance. 

 

5.8. PVC recycling methodologies 

For PVC waste there are, at least, four major types of disposal procedures: Landfilling, incineration, 
mechanical recycling and feedstock recycling. 

Landfill is the preferred solution for municipal solid wastes (MSW), which is the waste generated 
in urban area that is considered nontoxic and non-hazardous. The deposition of MSW brings in 
landfills brings a wide range of wastes together; this includes a substantial amount of PVC as it is 
one of the most widely used plastics. Landfilling shall pose no long-term problems for human 
health or the environment. And even though the emissions of these facilities can be controlled, 
the storage of waste represent loss of a valuable material resource which, from a sustainable 
development point of view, might not acceptable. The regulations over landfills are increasing, as 
an example, some countries have already banned landfilling of untreated organic wastes (e.g. 
Germany) or are planning to do so. This all leads to the conclusion that landfilling should not be a 
the predilect option for PVC disposal in the long term. 

Incineration with energy recovery is also a commonly used disposal method. PVC has a heat value 
of approximately 17 megajoules per kilogram (MJ/kg) (8), which is similar to brown coal. 
Therefore, it can make a useful contribution as a fuel for power or heat generation through waste 
incineration. The drawback of this solution is that it increases the carbon footprint. Mechanical 
recycling has been used in PVC production and processing for many decades. PVC waste is sorted 
and processed, afterwards it is mechanically treated to reduce it into smaller particles (grinding) 
that can be melted and reconverted. Mechanical recycling can be divided in the so called ‘high 
quality recycling’ and ‘low quality recycling’. In high quality recycling disposal products need to 
have a low degree of contamination meaning that the mix with other plastics is low or zero, thus, 
they are considered good quality recycle. Mechanical recycling for contaminated PVC is the 
previously mentioned low quality recycling. This is the preferred recycling option when dealing 
with waste that is mixed with other plastics and materials, which further separation is not 
technically feasible or too costly. Such a mix can be transformed into PVC materials often known 
as downcycling (8), the uses of it are limited as the processing temperatures must be kept below 
210 ºC to prevent PVC decomposition, this temperature is too low to allow mixed recycling with 
other plastics. Examples of this include plastic fencing, traffic cones, plant pots and industrial 
flooring. 

Feedstock recycling comes as an alternative to low quality mechanical recycling of mixed plastic 
wastes. Feedstock recycling involves the thermal disruption of polymers, this leads to the 
decomposition of the material. The resulting products can be used by either the petrochemical 
industry or as material for reducing agent in the production of iron in blast furnaces. The main 
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limitation of this method is the chlorine content of the material, as it has a 10% limit (8) up to 
which the plants can operate. 

The study of the reference (8) provides insight into the impact and effects of this different types 
of recycling methodologies. This study evaluates the possibility of diverting part of the PVC waste 
from incineration and landfills to recycling measuring the economic and environmental effects. It 
divides the cases in three: Diversion from incineration to recycling (assuming that all the waste 
can be recycled), diversion from landfills to recycling (assuming that all the waste can be recycled) 
and diversion of incineration to landfills. These are the so-called scenarios from 1 to 3. The report 
also considers the cost and emissions of using virgin PVC for the industry and compares it with the 
available options for recycling.  

 

Table 3: Environmental burdens of PVC waste options (8)
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Table 3 presents the environmental burdens of PVC waste options, it also summarizes the 
previously mentioned recycling possibilities. This table accounts for almost every single detail in 
each of the different options, accounting even for the transport cost and emissions, and the 
amount of energy required for each process. Landfill does not provide with any interesting 
benefits except for its low cost and time consumption. Decomposition of the material in landfills 
and leakage to the environment is a possible hazard, and the economic benefit of landfilling does 
not account for the material lost.  

The carbon print is a measure of the energy required to perform a process, yet there exist 
differences in the carbon print depending on the solution type. This also applies to other types of 
emissions such as nitrogen oxide or sulphur oxide emissions. Figure 10 shows the overall 
greenhouse emissions in the different PVC recycling alternatives and PVC production. On the other 
hand Figure 11 and Figure 12 account for the nitrogen oxide and sulphur oxide emissions. 

 

 
Figure 10: Greenhouse emissions. kg per tonne of waste (8) 

 

The previous figures show a clear disadvantage of the resin manufacture process compared to the 
different recycling alternatives, thus, the impact of greater PVC recycling alternatives in modern 
society could be notable. Pure recycling, meaning making use of the waste materials to create new 
ones also stand up and provides a great the reduction in emissions when compared with both 
incineration and resin manufacture processes, which makes it the preferred solution 
environmentally wise.  
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Figure 11: NOx emissions. kg per tonne of waste (8) 

 

 

Figure 12: SOx emissions. kg per tonne of waste (8) 
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Carbon dioxide can be greatly reduced with this high-quality PVC recycling. The main drawback 
will be an increase in the electricity demand, which is one of the reasons why PVC recycling is 
costly, however, this is also considered on the previously showed emission graphical 
representations (8). Thus, from an environmental point of view, it will still be worth investing. 
Recycling, avoiding incineration, will also reduce the number of chemical products used in 
incineration plants to avoid or reduce the toxic emissions of the PVC combustion.  

In the tables, that follow, data supporting this is provided, here the cost of PVC recycling is given 
both in environmental costs (Table 4) and economic costs (Table 5). In this tables the negative 
value is a positive outcome, meaning, that a negative value means savings in costs. Three scenarios 
are presented changing the amount of waste sent to recycling, landfilling and incineration. The 
last scenario, scenario 3, presents the option of sending all the PVC waste from incineration to 
landfilling. In all of them there is an estimation of their environmental impact, yet, this impact 
(provided in Table 4) has many external variables that can change the evaluation. Therefore, Table 4 
provides with upper and lower boundaries that account for alternative assumptions regarding for 
example global warming externalities, mortality linked to emission of particles, chronic effects, 
etc. 

 

 
Table 4: Environmental costs of PVC recycling. A negative value is a positive outcome (8). 

 

The value of the ‘subsidy’ for PVC incineration relates principally to the additional costs of reagent 
for controlling emissions of hydrogen chloride and the treatment and disposal of the residues so 
produced. Due to this, to incineration facilities the cost of incineration of one tonne of PVC is 
higher than for the same quantity of MSW. Therefore, there is not uncommon for PVC producers, 
the industry or the society to pay a subsided rate for disposal of PVC [10].  
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Even though the environmental evaluation is notable positive, in economic terms the recycling 
path is not appealing. The studies show that only in some cases, such as cables PVC cover, the 
economic cost is less than the traditional options. And it is usually due to the product associated 
to the PVC, such as the copper. Thus, economically, landfilling is still the greatest competitor.  

 

 

 
Table 5: Economic costs of PVC recycling. A negative value is a positive outcome (8). 

 

 

6. CIRCULAR ECONOMY OF COMPOSITE MATERIALS 

Figure 13 provides an overview of the present document and, in the shape of a step diagram 
provides insight into the explained connections between the different recycling alternatives. The 
first section of the diagram presents the manufacturing process of products, where energy and 
raw materials are used to serve the different industry applications. A basic enumeration of the 
main previously explained industries connects the manufacturing products and the end of life of 
it. This section, connected with landfilling, is the conventional life cycle of most of the products. 
This life cycle would have no returning lines back to either fuel or reusable materials.  

 

On the other hand, Figure 13 proposes a different management of residues, first it includes yet 
another step after the end of life point. Even though a product has fulfilled its purpose it does not 
necessary mean that it reaches its limit. Therefore, materials shall be classified to asses if their 
design and final condition satisfies other needs. Structural materials for example will most likely 
not be used again in structural applications, yet the structural requirements differ enormously 
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from one application to another. For example, the decks inside the hull of a ship suffers far greater 
stresses than the ones suffered by small houses. Noise insolation panels, frames and other daily 
elements can be easily manufactured by relative low cost and effort with the by-products of some 
of these materials. This will at the same time interconnect different applications, making the 
residues of some the raw materials of others. The beauty of this solution lays in its simplicity, which 
leads to low carbon emissions and costs. 

In case the material cannot be reused in another application it becomes waste and enters the 
different recycling alternatives. Then, the material shall be classified as showed in Figure 13 
between FRP and PVC. In case there were to be other materials that are susceptible of being 
recycled they shall be accounted for, yet it is not the purpose of this task. In case of waste materials 
being FRP they shall usually go first through a mechanical processing to reduce their size. The 
material can either be further processed and used as a filler or redirected towards other recycling 
alternative. Co-incineration, pyrolysis and fluidized bed are the alternatives mentioned in this 
paper due to their proven capabilities, yet there are other processes susceptible of being used 
only not as mature as these. These first three recycling alternatives products and by-products can 
be used either as fuel or as raw materials in new applications. The use of the materials will depend 
both on the economic and environmental feasibility, which can be determined when compared to 
the costs of virgin materials. If it is competitive then it will have an application. 

The true end of life of a material is then the landfill, only materials inert and without financial and 
environmental use shall go there. The materials that go to that last step shall be inert enough to 
not affect the environment by leakage or other types of pollution. 
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Figure 13: Circular economy diagram. 
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7. EXISTING REGULATION FOR WASTE MANAGEENT IN THE NAVAL 
SECTOR 

European scrap yards must comply with Regulation (EU) No. 1257/2013 as of December 31, 2020, 
regarding ship recycling. With an overview, this regulation aims to modify both Regulation (EC) 
No. 1013/2006, which includes the Basel Convention and one of its amendments, as well as 
Directive 2009/16 / EC. 

This regulation is an adaptation of the Hong Kong Convention, which was adopted in 2009. This 
Agreement addresses issues related to ship recycling by creating a set of standards that cover the 
handling of hazardous materials, the design and construction of ships, recycling facilities and the 
preparation of ships sent for scrap. It will not enter into force until 24 months after ratification by 
15 States representing at least 40% of the tonnage of the world fleet, and an annual volume of 
ship recycling of at least 3% of its combined tonnage. 

As a last update, Turkey ratified on January 31 the Hong Kong International Convention for the 
Safe and Environmentally Sound Recycling of Ships, 2009 (HKC), of the International Maritime 
Organization (IMO) and becomes the seventh Member State in do it, along with Belgium, Congo, 
Denmark, France, Norway and Panama. 

According to the IMO, the seven states that have ratified the agreement to date represent just 
over 20% of the world merchant fleet and 0.62% of the annual recycling volume. 

Due to the delay in the ratification of the Hong Kong Convention, which depends directly on 
Bangladesh, China, India and Pakistan, since these countries represent more than 90% of all ships 
recycled worldwide by tonnage, the need arises establish a regulation at European level that 
covers and regulates this area: Regulation (EU) No. 1257/2013. 

 

7.1. Hong Kong convention 

The Hong Kong International Convention for the Safe and Environmentally Sound Recycling of 
Ships, 2009 (the Hong Kong Convention), was adopted at a diplomatic conference held in Hong 
Kong, China, from 11 to 15 May 2009, which was attended by delegates from 63 countries. The 
Convention scope is to ensure that ships, when being recycled after reaching the end of their 
operational lives, do not pose any unnecessary risks to human health, safety and to the 
environment. The Hong Kong Convention intends to address all the issues around ship recycling, 
including the fact that ships sold for scrapping may contain environmentally hazardous substances 
such as asbestos, heavy metals, hydrocarbons, ozone-depleting substances and others. It also 
addresses concerns raised about the working and environmental conditions at many of the world's 
ship recycling locations. Upon entry into force of the Hong Kong Convention, ships to be sent for 
recycling will be required to carry an inventory of hazardous materials, which will be specific to 
each ship. An appendix to the Convention provides a list of hazardous materials the installation or 



D6.2 - A Report on waste management 
 

 

 

 

 Page 41 of 71 

 

 

 

use of which is prohibited or restricted in shipyards, ship repair yards, and ships of Parties to the 
Convention. Ships will be required to have an initial survey to verify the inventory of hazardous 
materials, additional surveys during the life of the ship, and a final survey prior to recycling.  

 

In order to accelerate the ratification process, the following guidelines have been developed and 
adopted to assist States in the early implementation of the Convention’s technical standards: 

2011 Guidelines for the Development of the Ship Recycling Plan, adopted by 
resolution MEPC.196(62) 

2012 Guidelines for Safe and Environmentally Sound Ship Recycling, adopted by 
resolution MEPC.210(63); 

2012 Guidelines for the Authorization of Ship Recycling Facilities, adopted by 
resolution MEPC.211(63) 

2015 Guidelines for the development of the Inventory of the Hazardous Materials, adopted by 
resolution MEPC.269(68). 
Also, two further guidelines have been developed and adopted to assist States in the 
implementation of the Convention after it enters into force: 

2012 Guidelines for the survey and certification of ships under the Hong Kong Convention, 
adopted by resolution MEPC.222(64). 

2012 Guidelines for the inspection of ships under the Hong Kong Convention, adopted by 
resolution MEPC.223(64). 

 

Therefore, this rule is mainly focused on hazardous materials. This means that, as long as the 
construction materials are not considered in the hazardous material list they are not to be 
considered by this convention. This rule only differentiates among hazardous and non-hazardous 
materials and relegates in classification societies for the approval of the ship and the installations. 
However, it does not provide any insight into the recycling possibilities and requirements of FRP 
or PVC. 

http://www.imo.org/en/OurWork/Environment/ShipRecycling/Documents/RESOLUTION%20MEPC.196(62).pdf
http://www.imo.org/en/OurWork/Environment/ShipRecycling/Documents/210(63).pdf
http://www.imo.org/en/OurWork/Environment/ShipRecycling/Documents/211(63).pdf
http://www.imo.org/en/OurWork/Environment/ShipRecycling/Documents/02-1%20RESOLUTION%20MEPC%20269(68)%20IHM%20Guidelines.pdf
http://www.imo.org/en/OurWork/Environment/ShipRecycling/Documents/RESOLUTION%20MEPC.222(64)%20Survey%20and%20Certification%20Guidelines.pdf
http://www.imo.org/en/OurWork/Environment/ShipRecycling/Documents/RESOLUTION%20MEPC.223(64)%20Inspection%20Guidelines.pdf
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7.2. Regulation EU 1257/2013 

Regulation (EU) No. 1257/2013 aims to facilitate rapid ratification of the Hong Kong Convention, 
both at European level and third countries, by applying controls provided to ships and ship 
recycling facilities, based on the agreement. In this way, the Regulation will offer protection 
against possible adverse effects of materials on board all ships arriving at ports and anchorages of 
a Member State, in order to prevent, reduce or minimize adverse effects on human health and 
environment. 

Likewise, the Regulation aims to reduce the differences that may occur between the operators of 
the EU, the OECD and third countries, directing ships to recycling facilities that use safe scrapping 
methods that comply with the regulations, thus avoiding facilities not compliant with standards. 
The “European list of facilities and ship recycling” includes all those ship recycling facilities that 
comply with the provisions of Regulation No 1257/2013, which is  represented in Figure 14. This 
European regulation is framed in the road map designed by the International Maritime 
Organization, IMO, in the Hong Kong Convention of 2009. Throughout 2018, many ships have 
made the adaptation to obtain the verified report with a declaration of compliance as of December 
31, 2020 (9). 

 

 

 

Figure 14: European list of ship recycling facilities according to the Regulation 
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To summarize, this new regulation will enter into force in 2021, being mandatory for new 
buildings, with the aim of accelerating the Hong Kong Convention ratification, does not provide 
any specific guidelines or good practices regarding the FRP waste management of vessels built in 
composite. To deal with them, the European recycling facilities which comply with the regulation 
EU 1257/2013 have stablished their own technics and recycling plans to carry out the scraping 
process, generating individual safety and environmental plans taking considering factors as 
flammability, toxicity and their own experience. Moreover, all the recycling process is made by 
waste treatment subcontractors, which are the responsible of carry out the FRP management into 
their inland facilities, being the recycling facilities unprovided of the capacity and resources to 
carry it out by themselves. 

 

7.3. End-of-life recreational boats dismantling in france 

The French Nautical Industry Federation (NIF) has been working on ship scrapping for more than 
10 years at the end of its useful life. In 2009, the FIN created APER, a non-profit organization with 
different objectives: Get a solution for the end of the life of the boats in a framework free of any 
legislative obstacle. Propose an ecological and economic solution for ship scrapping. Control the 
cost of scrapping by organizing competition between scrapping companies. 

In this scheme, the cost of scrapping is borne by the shipowners. All legal entities or entities that 
introduce pleasure boats into the national market, as professionals, must contribute to or facilitate 
the recycling and treatment of the waste of these products - from January 1, 2019. In order to 
comply with this requirement, companies have two possibilities: Incorporate, manage and finance 
its own system for the treatment of the waste of its products (certified by the Ministry of 
Environment). Entrust the management of the end of the life of its products to a certified eco-
organization (obligation to be a member of said organization and contribute to finance 
proportionally to the quantity of products introduced in the market). 

With the approval of this new regulation, the FIN decided to create an eco-organization that will 
manage and finance the scrapping and waste treatment of all pleasure craft in France at the end 
of its useful life, with scrapping being free for boat owners, with vessels ranging between 2.5 and 
24 meters. The main objective to be achieved with this is to build an economic model of the sector, 
studying composite recycling solutions as well as scrapping financing. Likewise, with leads some 
challenges such as European dimension of this measure and the purchase of vessels abroad 
(distortion of competition) beyond borders. As a summary, in order to establish a standardization 
of the dismantling of FRP vessels, it is necessary to act in two fields: ecological and economic. 

As a summary, this initiative arises from the need to standardize the recycling process of ships 
made of composite materials, thus being able to start recycling the amounts of FRP that are 
beginning to accumulate increasingly in seas and oceans, mainly due to two factors: ecological and 
economic. On an ecological level, composite materials such as fiberglass or carbon fibre are 



D6.2 - A Report on waste management 
 

 

 

 

 Page 44 of 71 

 

 

 

materials with very high disintegration periods, which can last for decades. The fact that there is 
no regulation that addresses this issue, coupled with the fact that shipowners are the ones who 
have to pay for their ship to be recycled, makes this a difficult task as it is not economically viable 
today. 

 

8. CONCLUSIONS 

Nowadays Europe is in a position which allows it to develop the required paths for FRP and PVC 
recycling from an industrial point of view. There exist several mature alternatives, and research is 
being made in younger ones. The task of Europe and the industry within it is to provide a proper 
framework with the required logistics, companies and links between them that can support the 
introduction of a new market, FRP recycling. To do so detailed information over the matter shall 
be obtained, first it will be greatly beneficial for Europe to determine the different possible 
applications that can make use of the end of life product of others as explained in Figure 13. To 
reach this is indispensable to interconnect companies, to be aware of the products the market 
needs and the ones that it produces, in order to redirect them from one point to another. A 
company or a European organism capable of such a task would be greatly beneficial and even vital 
for waste management on FRP to become a reality.   

Another issue that has been identified in this work is the gap in rules and regulations regarding 
this topic. It is a difficult matter, as these possible future guidelines and regulations shall be in 
accordance with an industry and a market that still does not exist. Meaning, that the laws shall 
encourage the market at the same time it limits it. Self-sufficiency shall be a basic requirement for 
this industry, and for this not only an environmentally sustainability is needed, but also economical 
for the companies to be able to operate.  

Circular economy is thought to be the solution of this problem, interconnection between 
industries and markets shall make them more competitive. During the whole work it was 
presented the idea of low carbon dioxide print equals low energy consumption, and low energy 
consumption will always lead to lower production costs. Further investigation shall be made into 
the recycling alternatives to evaluate which ones are fully industrial available nowadays, and to 
determine which ones are promising and therefore, shall be invested in. To finalize, the main 
conclusion of this work is that future projects and initiatives should be supported and persuaded, 
as the current preferred solution for FRP waste management are landfills. And landfills are not 
sustainable in the long term and also an inevitable loss of material which is practical, but not 
competitive. 

 

9. Literature review of management of ship generated waste – on-board 
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9.1. Introduction  

The sector of maritime transportation significantly contributes to the discharge of oily waste, solid 
and sewage waste in the marine environment. It is estimated that on average 20% of marine litter 
in the marine environment comes from ships, with significant differences between the different 
sea basins. In the 1950s and 1960s, the International Community established International 
Institutes and Legal Institutions to address the ever-increasing volumes of waste discharged on 
the coast and the open sea. Today many international and local institutes and bodies exist, dealing 
with the challenges that marine litter presents to the marine environment. The European Union 
has developed a significant institutional framework addressing the relevant requirements 
pertinent to European ports. However, there are still problems related to ship-generated waste 
and general waste, which is illegally discharged into the sea. The European Maritime Safety Agency 
(EMSA) has reported that European ports have sufficient infrastructure and expertise to receive 
and manage wastes (Port Reception Facilities - PRFs). On the other hand, EMSA indicates that 
there are several cases of large European ports where the provision for reception facilities and 
services is considered "poor", especially for petroleum products. These failures are inherent in 
many small ports, such as marinas and fishing ports, where waste management is not 
implemented. Obtaining reliable data on the quantities of waste delivered to European ports is 
intrinsically perplexed, making it difficult to assess the effectiveness of legal interventions and 
management measures already in place. It is estimated that only 27% of wastes from ships are 
delivered to ports worldwide. It implies that the remaining amount is either discharged into the 
sea or burned. This fact highlights the importance of studies that methodically investigate and 
critically assess the existing legal framework (10). 

 

9.2. International legislative framework  

 

One of the most important international documents regarding pollution prevention from the sea 
is The International Convention for the Prevention of Pollution from Ships (MARPOL 73/78), which 
concentrates on different kinds of pollution from ships through the six annexes. This convention 
has been ratified by 156 countries with 99.42% of world tonnage. Annex V of the MARPOL 
Convention, which covers on-board produced ship garbage, entered into force in late 1988 and, 
so far, has been ratified by 153 countries i.e., 98.97% of the world tonnage. Within the Annex V of 
MARPOL Convention, the types and quantities of garbage that ships may discharge into the sea, 
and the distances from land and manner in which they may be disposed of, are determined. For 
the purposes of the Annex V, garbage includes all kinds of food, domestic and operational waste, 
all plastics, cargo residues, incinerator ashes, cooking oil, fishing gear, and animal carcasses 
generated during the normal operation of the ship and liable to be disposed of continuously or 
periodically (11). 
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Since discharging garbage and several other types of waste generated on board ships, into the sea 
is generally prohibited, MARPOL requires port States to provide adequate reception facilities for 
the safe and sound management of wastes. For the proper implementation of MARPOL 73/78, the 
International Maritime Organization (IMO) has published manuals, guidelines and instructions for 
facilities receiving ship-generated waste (IMO Comprehensive Manual on Port Reception Facilities, 
IMO Consolidated Guidance for Port Reception Facilities Providers and Users), which are 
constantly being revised by each member of Marine Environment Protection Committee (MEPC), 
such as MEPC 67/11 11-7-2014: Revision of the IMO Comprehensive Manual of Port Reception 
Facilities and MEPC.1/Circ.834 15-4-2014: Consolidated Guidance for Port Facility Providers and 
Users. IMO is considering future revisions to the legislation in order to incorporate provisions and 
guidelines that will address the option of providing land-based facilities for receiving and treating 
ballast water from ships . 

Since March 2018, new amendments of the MARPOL Convention have entered into force. The 
Amendments of Annex V of the Convention are related to the cargo residues of products 
hazardous to the marine environment (HME) and maintain Garbage Record Book. Also, the 
amendments introduced a new category of garbage, i.e., e-waste. E-waste means electrical and 
electronic equipment used for the normal operation of the ship or in the accommodation spaces, 
including all components, sub-assemblies and consumables which are part of the equipment at 
the time of discarding, with the presence of material potentially hazardous to human health 
and/or the environment. The Garbage Record Book is divided into Part I for the use of all ships, 
and Part II which is required for the ships carrying solid bulk cargoes (11). 

 

9.3. European legislation 

The EU has adopted several legislative measures to implement the MARPOL convention and 
ensure strict implementation of the measures outlined in the above-mentioned convention (10). 
The EU Directive 2000/59/EC “Port reception facilities for ship-generated waste and cargo 
residues” is of genuine importance for the prevention of ocean-based sources of pollution, 
especially for the reduction of the illegal discharge of ship-generated waste. This Directive is 
mandatory for all the EU member states. In this Directive, which came into force in July 2003, the 
following is stated: 

Member States shall ensure the availability of port reception facilities adequate to meet the needs 
of the ships. An appropriate waste reception and handling plan shall be developed and 
implemented for each port. A ship may proceed to the next port of call without delivering the ship 
generated waste, if it follows from the information given in accordance with Article 6 and Annex 
II, that there is a sufficient dedicated storage capacity for all ship-generated waste that has been 
accumulated and will be accumulated during the intended voyage of the ship until the port of 
delivery. Furthermore, one of the Directive’s key factors is also the establishment of cost-recovery 
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systems by ports. In this way, vessels are encouraged to discharge their waste on land, and 
discouraged to dump it into the sea (11). 

In July 2011, the Marine Environment Protection Committee (MEPC) adopted the revised MARPOL 
Annex V, which entered into force on 1 January 2013. According to the revised Annex V of MARPOL 
73/78 Convention, the discharge of all garbage into the sea is prohibited, with some exceptions, 
regarding food waste, cargo residues, cleaning agents and additives, and animal carcasses. 
Furthermore, for all the types of ships found within special areas, ships outside the special areas, 
and offshore platforms and all ships within 500 m of such platforms, the discharge of all other 
garbage, which includes plastics, domestic waste, cooking oil, incinerator ashes, operational 
waste, and fishing gear, is strictly prohibited (11). 

Also, in March 2012, the MEPC adopted the Guidelines for the implementation of MARPOL Annex 
V and the Guidelines for the development of garbage management plans. Within the Guidelines 
for the implementation of MARPOL Annex V, it is stated that, due to the restriction of garbage 
discharge, the garbage management plan for ships is required. Furthermore, the Guidelines 
highlight that governments must ensure adequate port reception facilities for garbage from ships 
and must promote and encourage ships to use them. The minimization of taking on-board 
materials that could become garbage is encouraged. Also, MEPC supports the development and 
conduct of studies and research for the minimization of potential garbage, and a reduction of the 
negative impact on the environment. The Guidelines propose areas for waste minimization 
studies: development of recycling technology and systems for all types of materials that may be 
returned to shore as garbage. Development of technology for use of biodegradable materials to 
replace current plastic products as appropriate. In connection with this, governments should also 
study the impacts on the environment of the products from degradation of such new materials 
(11). 

 

9.4. MARPOL document  

In this section, the summary of literature review regarding management of ship generated waste-
on-board is presented. The objective for this report is to provide more information about the 
waste generated on board during operation and the treatment procedures. The main documents 
that has been reviewed and referred in this report are: The management of ship-generated waste 
on-board ships, EMSA/OP/02/2016. International Convention for the Prevention of Pollution from 
Ships, MARPOL 73/78. Accordingly, the types of waste generated on-board and found to be 
relevant to the project are  

Oily waste 

Sewage  

Garbage 
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Ozone depleting substances 

 

More details about the abovementioned types of wastes will be discussed in the following 
sections. Regarding the treatment procedure, Figure 15 is the general guideline for 
implementation by MARPOL. In the next section, specific waste flow for each type of waste will be 
explained. In this context, there is no significant difference between ship manufactured by 
composite material and steel.  

 

 

Figure 15: General guideline for implementation of on-board waste treatment by MARPOL [6] 

 

In general, the waste generated from on-board will be collected and sorted according to its 
material, source and conditions. For the waste that is reusable for the same ship, it will be retain 
and reused in the ship. If it is reusable for other propose, it will be stored in the trip long storage 
facility and transfer to port reception facilities (PRF) for recycling and reuse.  For the waste that 
cannot be reused, depending on whether it is sea dischargeable or not, the wastes should be 
processed accordingly and discharge to the sea or transfer to PRF for further process.   
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9.5. Waste treatment guideline for specific types of waste generated during 
operation 

In this section, the information provided by the abovementioned references are summarised and 

analysed for the chosen types of wastes. For each type of waste, its definition, source, quantity, 

driver, means of treatment with simplified waste flow, and associated regulations are listed from 

Table 6. 

 

Table 6: Summarised information regarding oily bilge water from (5). 

Definition  
Bilge water is a mixture of liquids that are collected in the bilge of a ship. It is made of a mixture of 
fresh water, sea water, oil, sludge, chemicals and various other fluids that drain into the Bilge 

Source Condensation, leakages (oil and lube, cooling pump), and cleaning; exists in all vessels  

Quantity  Average ship generates 20 m3/ month 

Driver 
Size of the ship, engine room design, preventive maintenance, age of the component, weather 
conditions, change in temperature, cleaning and maintenance of the machine room, type of engine, 
type of fuel, engine running hour 

Treatment  
Store in on-board tank and discharge to PRF; treated on-board using OWS (discharge treated bilge 
water to sea); OWS can reduce 65%-85% quantity 

Regulation  
MARPOL Annex I: All ships over 400 GT should be equipped with on-board OWS, oil content monitor 
and bilge alarm, etc. 

Waste flow 
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9.6. Cruise Ship Generated Waste 

 

The waste generated on cruise ships may be sorted into different categories, and the 
categorization varies but, generally, oily bilge water, oily sludge, oily tank washings, sewage, 
plastics, food waste, domestic waste, cooking oil, incinerator ashes, operational waste, cargo 
residues, ozone-depleting substances, and others are distinguished. Also, it should be noted that 
the classification of waste is sometimes not clear, and there is a mismatch between the 
classification of waste in The International Convention for the Prevention of Pollution from Ships 
MARPOL Annex V, the classification used on-board ships, and the classification used by waste 
operators. For example, on-board ships, paper, glass, and fluorescent tubes are often collected 
separately, while their classification in MARPOL Annex V is as “domestic waste”. Domestic waste 
is all the waste from the domestic spaces on-board ships which is not food waste, cooking oil, or 
plastic, but which is, e.g., paper, cardboard, fluorescent lamps, synthetic material, foils, metal cans, 
lids, glass, pantry packaging waste, etc. Also, each cruise ship has on-board treatment facilities, 
and the treatment of each of the mentioned waste types differs. For example, plastics are usually 
not incinerated, and dirty plastics (plastics that have been in contact with food) are often treated 
as a separate waste stream. For domestic waste, the treatment differs depending on the type and 
amount of the waste generated. The treatments include glass crusher, compactors for cans and 
tins, and incineration of paper and cardboard. The International Maritime Organization, IMO, 
defines food waste as any spoiled or unspoiled food substances and includes fruits, vegetables, 
dairy products, poultry, meat products, and food scraps generated on-board ship. Finally, 
regarding on-board treatment of food waste, in the areas where it is permitted under MARPOL 
Annex V, food waste is often discharged into the sea (11). 

 

However, all types of waste produced on-board ships should be separated and, if possible, 
processed before they are discharged to port reception facilities and managed according to the 
national legislation. Increased maritime transport in all the EU ports presents new challenges to 
the port logistics in order to efficiently manage waste. According to the Directive 2000/59/EC, port 
reception facilities should be able to receive all the waste types produced on-board ships. Under 
this Directive, there is no special requirements regarding the environmental fees, methods of 
waste delivering, and notifications (11).  

 

Yet, Port Authority should enable the usage of port reception facilities in such a manner that a ship 
has no delay in the schedule. Cruise Lines International Association (CLIA) estimated 24.2 million 
passengers at a global level in 2016. As the cruise industry is growing fast, and the vessels are 
increasing in size, the awareness of a consequent increase in the waste generated on-board should 
also increase. Although cruise ships participate with only 1% in the world shipping fleet, they 
produce 25% of all the waste generated on ships. The management of the waste produced due to 
the daily activities on-board cruise ships is far more complicated than the management of waste 
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produced on land. As the categorization of the on-board-produced waste differs, generally 
speaking, pollutants and waste from the cruise ships also include air emissions, ballast water, 
wastewater, hazardous waste, and solid waste. The Cruise Ship Discharge Assessment Report from 
2008 specifies that the solid waste, which is generated on-board cruise ships, includes food waste, 
plastics, glass, paper, wood, cardboard, incinerator ash, and metal cans. There are different 
estimations of the amount of waste produced on-board, but the quantity varies in accordance 
with the size of the ship, number of passengers and crew on-board, as well as the consumption. It 
is estimated that an average cruise ship of 3000 passengers and crew generates about 50 tons of 
solid waste in one week. Furthermore, the United States Environmental Protection Agency states, 
in the 2008 Report, that the waste generated per cruise guest varies from 2.6–3.5 kg/person/day 
(11). 

 

9.7. Ship-generated food waste and sewage 

Cruise ships are the main producers of waste materials on the Baltic Sea, including wastewaters 
(grey water and black water/sewage), oily waste, solid waste (including food waste), and 
hazardous waste. Regarding the generated amounts of these wastes, no exact number is available. 
However, it is estimated that waste generated by cruise ships on the Baltic sea with 2000–3000 
passengers are as follows for one day: 550,000–800,000 L of grey water, 100,000–115,000 L of 
black water, 13,500–26,000 L of oily bilge water, 7000–10,500 kg of solid waste, 60–130 kg of toxic 
waste. Nutrient-rich waste streams such as sewage and food waste are of increased concern in 
the area since the current single biggest threat to the Baltic Sea is eutrophication due to poor 
nutrient management. Although some measures have been implemented to reduce nutrient 
loadings in the area, 95% of the Baltic Sea is still affected by eutrophication (12). 

Generally, ship-generated waste discharge limitations are regulated by MARPOL based on the 
waste type and area. The MARPOL convention includes six technical Annexes created to prevent 
and control pollution from ships related to accidental or routine operations on-board. Waste 
regulations exist for oil, noxious substances, harmful substances, sewage, garbage and gaseous 
emissions (12). 

According to Annex V of MARPOL (1988), food waste is an organic material categorized as the 
waste stream of ‘‘Garbage”. Annex V explains that all plastics and other garbage such as toilet 
paper, rags, glass, bottles, crockery, and packing materials cannot be directly discharged into the 
sea, but exemptions can be obtained. Food waste can be processed by shredders and be stored 
on board for discharge into the sea or disposal at PRFs. Discharge of comminuted or grounded 
food waste is permitted at a distance of more than 3 nautical miles from the nearest land in 
general and 12 nautical miles from the nearest land in special areas such as the Baltic Sea 
(MARPOL, 2018). Discharge of not comminuted or grounded food waste is prohibited on the Baltic 
Sea but is allowed outside special areas at a distance of more than 12 nautical miles from the 
nearest land (MARPOL, 2018). There are some other solutions such as incineration on board and 
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processing in gasification systems or biological digesters. Usually, in these cases, an extra step of 
dewatering is essential for better handling. Any type of vessel (cargo and cruise) carrying 15 or 
more passengers and workers should have guidelines on the procedures and statistics of on-board 
waste collection, storage, processing, and disposal (MARPOL, 2018). In any case, ships need to 
keep their garbage record book up to date including all details about the amount of waste 
discharged into the sea, delivered to PRFs or incinerated (12). 

Moreover, since food waste can be delivered to PRFs, ships should submit a notification form to 
the port containing the type and amount of waste to be delivered and/or remaining on board 
before their arrival. A penalty system is applicable to infringements of the principles of maritime 
environmental protection regulations (MARPOL, 1988). Likewise, the port is obliged to develop 
waste management plans and provide adequate reception facilities and equipment (MARPOL, 
1988). The port sends feedback on submitted notification forms, including guidelines about 
reception possibilities. In some cases, the port is not able to receive waste and the information is 
forwarded to the next port of call (12). 

The European Parliament and the Council (EC) No 1069/2009 (previously No 1774/2002) defined 
food waste as an ‘‘international catering waste” at EU ports if delivered by vessels that travel 
outside the EU. This material is considered as high-risk category 1 ‘‘animal by-products” that also 
includes food packaging contaminants such as plastics. This material must be eliminated according 
to Regulation No 1069/2009 and Directive 2000/59/EC on port reception facilities for ship-
generated waste and cargo residues. EU Ports on the Baltic Sea must prepare an annual report 
stating the total amount of received waste (including international waste) from ships with specific 
details of collected food waste, and the port is obliged to submit this report to the national 
maritime centre (12). 

Sewage discharge on the Baltic Sea is regulated according to MARPOL Annex IV. In order to reduce 
nutrient loadings into the Baltic Sea, new sewage discharge restrictions for cruise ships operating 
in this area have recently been added to MARPOL Annex IV. It provides limitations for nitrogen 
and phosphorus discharge, on top of the existing limitations for fecal coliforms (max. 100/100 mL), 
suspended solids (max. 35 mg/L), pH (6–8.5) and 5-day biological oxygen demand, BOD5 (max. 25 
mg/L). Based on these requirements, ships should decrease significantly the content of nutrients 
(nitrogen and phosphorus) in the generated black water composition. In fact, on-board generated 
black water needs to be treated in a treatment plant on-board or delivered to PRFs. Discharge 
regulations in special areas as the Baltic Sea specify maximum effluent concentrations of 1 mg/L 
(or 80% reduction) for phosphorus and 20 mg/L (or 70% reduction) for nitrogen. MARPOL does 
not provide specific limitations for grey water (12). 

In addition to the MARPOL rules, there are voluntary initiatives in the shipping industry. For 
example, the European Cruise Council (ECC) implemented the Agreement on Discharges in the 
Baltic which declares that its members will stop releasing wastewater in the Baltic Sea region and 
instead leave it at ports with functional reception facilities that operate under a ‘‘no special fee” 



D6.2 - A Report on waste management 
 

 

 

 

 Page 53 of 71 

 

 

 

agreement. The no special fee (NSF) system was introduced by Helsinki Commission in order to 
protect the Baltic Sea environment (12). 

This system encourages ships to deliver waste ashore and avoid discharges into the sea. 
Concretely, the cost of reception, handling and disposal of ship-generated wastes received by 
ports is included in the harbour fee or charged to the ship irrespective of whether wastes are 
delivered to the port or not. The system should not be economically competitive among the ports 
so that ships have no preference to keep their waste for disposal at the cheapest port (12). 

 

9.8. Reception of sewage 

In 2019, the special area requirements under MARPOL 73/78 Annex IV has come into effect in the 
Baltic Sea. This has put pressure on ports to develop reception facilities for sewage from passenger 
ships (13). 

The Baltic Sea has been amended as a special area under both Annex V Garbage (in effect since 
1989) and Annex IV Sewage (in effect since 2019 for new passenger ships). These annexes have 
been ratified by all Baltic Sea countries, which means that all ports are obliged to provide adequate 
facilities for the reception of garbage, and that passenger ports should provide facilities for the 
reception of sewage. These facilities should meet the needs of ships using them without causing 
undue delay. Ships of 400 gross tonnage and more that are operating in the Baltic Sea should keep 
records on wastes that are discharged to the sea, incinerated or disposed in PRF. There is no such 
requirement for sewage, but passenger ships are recommended to offload their sewage in PRF. 
Discharge of sewage to the marine environment is only permitted under specific conditions; 
untreated sewage may be discharged, at the predefined pumping rate, further than 12 nautical 
miles (NM) from the nearest coast. Discharge of treated sewage is permitted closer to the coast if 
the sewage has been processed on-board by equipment approved according to IMO standards 
and the resulting effluent meets the quality criteria for e.g. bacteria and total suspended solids. 
There are no similar restrictions in MARPOL 73/78 applying to discharges of grey water (13). 

Annex IV that announced the Baltic Sea as a special area was amended in 2011. It introduces a ban 
on the discharge of untreated sewage and introduces stricter requirements on treated effluents 
from passenger ships. The special area status could not come into effect before the riparian 
countries had notified IMO that adequate reception facilities are provided by their ports. This 
condition was fulfilled when Russia as the last country submitted such notification in 2016 (13). 
The new rules are valid for new passenger ships from 2019 and for other passenger ships from 
2021. Passenger ships that go directly from the North Sea to St. Petersburg will not have to comply 
until 2023 (13).  

Port operators are also obliged to develop waste reception and handling (WRH) plans and 
introduce a fee system where all ships contribute significantly to the costs of the facilities. Ports 
may differentiate the fee based on the ship category, size or environmental performance. Ships 
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must offload waste in the port reception facilities and declare in advance the amounts of waste 
that are intended to be disposed in the port. The Directive offers the possibility to grant 
exemptions from mandatory delivery of waste for ships in regular scheduled traffic (13). 

Baltic Marine Environment Protection Commission (HELCOM) started promoting development of 
port reception facilities in 1980 and recommended in 1998 the Baltic ports to introduce no-
special-fee system (NSF). In NSF, the costs of reception, handling and disposal of ship-generated 
wastes from normal operation are included in the general harbour fee or received from the ship 
in other ways, regardless of whether wastes are delivered. The purpose of such solution is to 
encourage ships to deliver wastes to PRF and to avoid undesirable waste streams between ports. 
Initially the recommendation was limited to oily waste, but later other types of wastes such as 
garbage, sewage and marine litter caught in fishing nets have been added (13). 

 

9.9. Bering Sea Case 

Vessel traffic through the Bering Sea and Bering Strait increased 145% between 2008 and 2015 
and this trend is projected to increase in the future. As the number of ships and passengers 
continue to grow, so will the amount of waste be entering the water. Though the amount of actual 
vessel traffic is relatively low compared to other major waterways, this increased activity 
throughout the Arctic is significant for the region and poses risks to people, cultures, and the 
environment (14). 

 Ship traffic is growing, and with no meaningful regulatory changes or technological advances, so 
the pollution is generenated by the shipping industry will increase in the following years. There 
are measures that, cumulatively or individually, can be utilized to reduce vessel generated waste 
and its impact. Such measures can be created at the state, federal, or international level, and be 
either ship-based or area-based in nature (14). In order to reduce the cumulative impacts of vessel 
waste ship and are based measures must be considered. 

 

9.10. Ship-based measures.  

Ship-based measures apply directly to the construction or equipment on-board, or how a vessel 
operates, with the intention of reducing or mitigating the pollutants entering the water (14). 

 

a. Testing and monitoring of on-board treatment equipment and reporting of discharges  

To limit the discharge of vessel-generated waste into the northern Bering Sea, federal and 
international regulators could require vessels to verify that their shipboard pollution control 
systems continue to meet the standards they were designed and proven to meet initially, and to 
report certain discharges. The U.S., as an example, requires vessels to have type-approved marine 
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sanitation devices to treat sewage, but does not have requirements for testing, monitoring, or 
reporting of discharges to ensure those devices are working as intended, outside of specific 
requirements for cruise ships in Alaska (14).  

MARPOL does not require the testing of sewage control systems by covered vessels. The frequency 
of testing and monitoring of a vessel's treatment system should be proportionate to the amount 
of waste a vessel, or class of vessels, produces. For vessels processing lower amounts of waste 
(including sewage, grey water, and oily water), tests could be required at intervals to coincide with 
commercial vessel intermediate and special surveys performed by the classification society every 
2.5 years (14). 

In addition, vessels could be required to log sewage and grey water discharges in a record book, 
similar to the requirements for documenting oily waste and garbage. Such records would 
encourage accountability and provide an enforcement mechanism, either by the flag State or the 
U.S., for violations of pollution controls and limitations (14). For example, the State of Alaska issued 
15 notices of violation to cruise ships for operations exceeding permit levels in 2018 . 

 

b. Higher waste treatment standards 

Sewage and grey water discharge, especially if untreated, can have harmful impacts to the water 
column by introducing pathogens and chemicals, and depleting oxygen needed for marine life. 
Grey water, despite these known threats, is not recognized or regulated by the IMO as a pollutant, 
and U.S. regulations only apply out to 3 NM from the coastline and lack specific treatment 
standards. Sewage treatment requirements exist, yet differ widely among state, federal, and 
international jurisdictions (14). 

To reduce the negative impacts from sewage and grey water, the U.S. could close a regulatory gap 
beyond 3 NM by amending the Clean Water Act to extend federal agency authority out to 12 NM. 
The IMO could amend MARPOL to recognize grey water as a pollutant and regulate it similarly to 
sewage. MARPOL could also be amended to ban the discharge of untreated sewage and grey water 
in waters beyond 12 NM from shore, and to tighten the standard for treated wastewater from its 
current level at 100 fecal coliforms per 100 ml. Though the U.S. is not a party to MARPOL Annex 
IV (prevention of pollution from sewage) and would not be bound to these proposed changes, the 
U.S. should align with these more stringent international standards, since any diminution in fecal 
bacteria entering the water would reduce the nutrient load and associated harmful consequences 
in the northern Bering Sea (14). 

 

c. Offload to a port reception facility 

There are limited port waste reception options in the U.S. Arctic. Vessels can currently utilize a 
private contractor to haul its sewage in the Port of Nome, but not oily waste. Access to Nome, 
located in the Arctic Circle, is seasonal and with a current depth of only 22 feet, cannot 
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accommodate larger ships. One study suggests that Nome's ability to accept sewage from vessels, 
without modification or addition to its current capabilities, will be at capacity 2027 if not sooner. 
The closest deep-water port to the Arctic is in Dutch Harbour, located in the Aleutian Islands. 
Increasing the availability of port reception facilities, where vessels could offload various types of 
waste shore side, could reduce waste entering the water. Port facilities should include sufficient 
infrastructure to enable vessels operating in Arctic waters to dispose of their oily waste, sewage, 
and grey water ashore for treatment, and those facilities should at least meet the international 
standards for shipboard treatment systems. This will be especially important in areas where 
vessels may not be able to regularly discharge waste, such as within Polar Code boundaries, and 
may only discharge as far as practicable from areas of ice concentration exceeding 10% (14). 

Locating adequate port reception facilities in the Arctic faces a number of challenges including: 
higher operating costs due to relatively low, seasonal traffic; concerns for facilities located in or 
near sensitive areas; capacity for the community to safely manage increased waste from ships; 
and the high cost of constructing or updating port facilities in remote areas (14). 

 

d. Increase on-board storage 

Vessels could plan to keep their waste on board rather than discharging it to the water. Ships are 
already required to hold oily waste and garbage (aside from ground food) in Polar Code waters. 
Most large ships already have a holding or storage tank available in addition to the ballast water 
holding tank. The Polar Code could be strengthened to require all vessels to have an increased 
capability to hold sewage and grey water until the vessel can safely offload the waste at a port 
reception facility or treat it to an acceptable standard. This increased storage capacity would 
enable vessels to operate near sensitive areas without discharging wastewater for some specified 
period of time. There are cost and configuration constraints associated with this remedial option; 
however these may be minimized by creative solutions such as including more efficient waste 
systems that reduce the need for larger holding tank capacity or utilizing some ballast water 
storage for sewage (14). 

 

9.11. Area-based measures 

Area-based measures are international or domestic mechanisms intended to minimize the direct 
impact of vessel discharges by routing vessels away from, or restricting discharge of waste in, 
sensitive areas. 

 

a. International - Particularly Sensitive Sea Area 

IMO member States may propose the adoption of area-based protective measures, including a 
particularly Sensitive Sea Area, or PSSA. A PSSA is defined as “an area that needs special protection 
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through action by IMO because of its significance for recognized ecological or socio-economic or 
scientific attributes where such attributes may be vulnerable to damage by international shipping 
activities”. To obtain this designation the area must meet certain criteria, including, ecological, 
vulnerability to degradation, social, cultural and economic and scientific or education. The 
strength of a PSSA is the protective measures associated with it. Associated protective measures 
may include one or a combination of the following (which are discussed in more detail below): 

● recommended routes. 

● Areas to Be Avoided. 

● mandatory vessel reporting; or 

● the designation of a Special Area permitted by various MARPOL Annexes. 

 

If a PSSA is adopted, its associated protective measures become binding on all vessels flagged by 
IMO member States. Areas in the northern Bering Sea region that are critically important to 
Indigenous peoples' food security and culture, as well as maintaining the health of the marine 
ecosystem, could be considered for PSSA designation (14). 

 

b. International - Recommended Routes and Areas to Be Avoided 

In areas that may not warrant a PSSA designation, member States may still propose one or more 
protective measures for their waters, including measures to guide traffic around sensitive or 
hazardous places using recommended routes, traffic separation schemes, and Areas to Be Avoided 
or ATBAs. Any proposal for the adoption of such measures must be supported by general criteria 
and approved by members of the IMO. ATBAs are areas “within defined limits in which either 
navigation is particularly hazardous, or it is exceptionally important to avoid casualties, and which 
should be avoided by all ships, or by certain classes of ships”. Their purpose is to increase safety 
for vessels, and also to protect important cultural or ecological areas. In May 2018 the IMO 
approved three ATBAs in the northern Bering Sea, requested by the U.S. and based on a Coast 
Guard vessel traffic study in the region. In addition, States can designate recommended routes 
that minimize risk to vessels and sensitive marine areas. Following the same vessel traffic study, 
the U.S. and Russia jointly proposed a series of two-way traffic routes, connected by precautionary 
areas through the northern Bering Sea and Strait. The routes in U.S. waters were developed to 
work in concert with ATBAs to keep maritime traffic away from important habitat areas and 
increase vessel usage of hydrographically surveyed areas to diminish the risk of vessel groundings 
or collisions (14). 

 

c. International - Special Area 
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A “special area” is an IMO designation for sea areas that, due to certain oceanographic and 
ecological criteria, warrant enhanced protection from vessel pollution covered by various MARPOL 
annexes, including oil, noxious liquid substances, sewage, garbage, and air emissions. Special area 
designations permit enhanced pollution control measures, up to and including no discharge 
whatsoever, in associated waters (14). 

 

The Artic has not officially been designated as a MARPOL special area; however, the Polar Code 
amendments to MARPOL included special area protections from oil and noxious liquid substances 
by banning discharge of both, as well as for sewage by limiting discharge from new cargo and 
passenger vessels built after 2017. The Polar Code's sewage provisions could be strengthened by 
expanding the age and class of vessels to which they apply. For instance, fishing vessels and towing 
vessels, currently not covered by the Polar Code's sewage provisions, are significant contributors 
of sewage in the region (14). 

 

d. U.S. - Marine Protected Areas 

U.S. law permits the creation of Marine Protected Areas (MPAs), which are defined in Executive 
Order 13,158 as, “any area of the marine environment that has been reserved by Federal, State, 
territorial, tribal, or local laws or regulations to provide lasting protection for part or all of the 
natural and cultural resources therein”. National MPAs are designated from authority contained 
in federal law including the National Marine Sanctuaries Act, National Wildlife Refuge System 
Administration Act, and National Park Service Organic Act. The authority used to create the MPA 
will have an impact on the management focus and level of enforcement. Being entirely in U.S. 
waters, MPAs can be established without having to undergo the extensive process necessary to 
establish international analogs like PSSAs; however, without the international seal of approval, 
U.S. enforcement options on foreign vessels are extremely limited. 

There are ten MPAs in the northern Bering Sea and Bering Strait region, and approximately half of 
them were established and managed wholly or in part with the explicit purpose of supporting the 
continued extraction of renewable living resources (e.g. fish). The other MPAs in the region were 
established to protect or restore the area's ecological health. A third possible conservation focus 
is cultural heritage, but there is no MPA in the region with that designation. 

To enhance the protection and preservation of vital Arctic marine areas, new MPA designations 
could be proposed, or the protection level of existing MPAs—most of which restrict commercial 
fisheries and little else—could be increased. The level of protection could be as strong as “no 
access,” which requires special permission for entry. More likely, however, would be the “no 
impact” protection level, which allows access to an area but prohibits any activities that could 
harm its ecological or cultural properties, like discharging pollutants. California's Channel Islands 
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National Marine Sanctuary and Florida's Tortugas Ecological Reserve are examples of MPAs that 
limit vessel discharge and could serve as a model for the Northern Bering Sea (14). 

 

e. State - No discharge zones 

The state of Alaska has already taken steps to limit the nearshore discharge of both grey water 
and sewage from large passenger vessels out to 3 NM. While its standard is one of the most 
stringent for vessel wastewater discharge, it is limited both in the vessels to which it applies – large 
passenger vessels only – and by the fact that it only limits, but does not prohibit, nearshore 
discharges. U.S. law permits states such as Alaska to petition the U.S. Environmental Protection 
Agency to establish a No Discharge Zone (NDZ) in state waters. The effectiveness of a NDZ would 
be limited, as it would only apply to sewage, not to grey water (unless it is mixed with sewage), 
and because the NDZ would only extend a maximum of 3 NM from the coast. Nonetheless, given 
the recent increase in regional cases of harmful algal blooms and paralytic shellfish poisoning in 
marine mammals and birds, establishing a NDZ for sewage in nearshore areas may be helpful in 
reducing nutrient loads and its harmful impacts. 
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9.12. Annex 1 

 

Definition  

Waste from the purification of fuel or lubricating oil or separated waste oil from 

OWS, oil filtering equipment or oil collected in drip trays, and waste hydraulic and 

lubricating oils. Mixture of oil or fuel, water, tar, asphalts, other contaminants  

Source 
Fuel or lube oil purifier and oil fraction from OWS; all ships except (possible) vessels 

running exclusively on distillates 

Quantity  0.01 to 0.03 m3 sludge per tonne of HFO; 0 and 0.01 m3 per tonne of MGO 

Driver 
Oily residues: type and amount of fuel consumed; sludge from lube oil: type and 

amount of lube oil consumed 

Treatment  
Store in on-board tank and discharge to PRF; treated on-board using incinerator and 

evaporator (used to reduce the fraction of water and reduce the amount of sludge) 

Regulation  MARPOL Annex I 

Waste flow 

 

 

Definition  
Oily tank washings (slops) is generated when oil cargo tanks are cleaned with water: 

mixture of oil, water and dispersants  

Source Tank cleaning 

Quantity  20 to 100s m3 

Driver Number of tank cleanings; size of loading capacity  

Treatment  Discharge water fraction to sea in a controlled manner; deliver oil fraction to PRF 



D6.2 - A Report on waste management 
 

 

 

 

 Page 61 of 71 

 

 

 

Regulation  MARPOL Annex I 

Waste 

flow 

 

 

Definition  

Sewage is generally referred to as ‘black water’. It does not include grey water which 

is the drainage generated from dishwasher, showers, laundry, bath and washbasin 

drains 

Source 

Sewage is defined as drainage and other wastes from any form of toilets and urinals; 

drainage from medical premises (dispensary, sick bay, etc.) via wash basins, wash 

tubs and scuppers located in such premises; drainage from spaces containing living 

animals; or other waste waters when mixed with the drainages defined above 

Quantity  
0.01 to 0.06 m3 per person per day; 0.04 to 0.45 m3 pp. p.day when mix with other 

wastewater 

Driver Number of persons on board; type of toilet; length of voyage 

Treatment  
Treated with commiute and disinfect or sewage treatment plant and store in holding 

tank. Discharge to sea or deliver to PRF 

Regulation  MARPOL Annex IV 

Waste 

flow 
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Definition  
Typically plastics comprises sheets, wrapping, bottles, drums, synthetic ropes, 

synthetic fishing nets, plastic garbage bags and empty chemical cans. 

Source 
Plastic waste can be generated in all types of vessels and often originates from 

domestic provisions and supplies used for operations on board the ship. 

Quantity  0.001 to 0.008 m3 per person per day 

Driver Number of persons on board 

Treatment  
Either they are kept separately (compacted or otherwise) and delivered to PRF or 

they can be incinerated, the ashes being treated as incinerator ashes. 

Regulation  MARPOL Annex V; Incineration is constrained by MARPOL VI 

Waste 

flow 
 

 

Definition  

IMO defines food waste as any spoiled or unspoiled food substances and includes 

fruits, vegetables, dairy products, poultry, meat products and food scraps generated 

on board ship. 

Source Food waste is a generated on all kinds of vessels in the galley and or in the restaurant. 

Quantity  0.001 to 0.003 m3 per person per day 

Driver Number of persons on board; provisions 
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Treatment  

Organic food waste can be directly discharged into the sea 12 nm from the nearest 

land, or comminuted and then discharged into the at sea 3 nm from the nearest land 

(12 m in special areas). Alternatively, food waste can be stored on-board separately 

for later disposal at sea or delivery to PRF in case disposal at sea is not allowed due 

to regulation. Hard organic waste, waste from plates and packages are collected in 

bags and bins and disposed at port reception facilities 

Regulation  MARPOL Annex V 

Waste 

flow 

 

 

Definition  

Domestic waste is all waste from domestic spaces on-board of the ship that is not 
food waste, cooking oil or plastic. IMO defines this as “all types of waste not covered 
by other Annexes that are generated in the accommodation spaces on board the 
ship. Domestic wastes do not include grey water” Domestic waste therefore typically 
comprises paper, cardboard, fluorescent lamps, synthetic material, foils, metal cans, 
lids, glass, pantry packaging waste et cetera. 

Source 
A consequence of crew and passenger hoteling and is generated on all types of 
vessels 

Quantity  0.001 to 0.02 m3 per day per person 

Driver Number of persons on board; type of product used 

Treatment  
Differs depending on what types are generated and the amount of waste generated. 
Eg. glass crusher, compactor for several types of waste such as cans and tins, and 
incineration of paper and cardboard. Incineration.  

Regulation  MARPOL Annex V 
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Waste 
flow 

 

 

Definition  
Cooking oil waste is generated on-board during food preparation and is generated 
on most types of vessels. 

Source Food preparation  

Quantity  0.01 to 0.08 litres per person per day 

Driver Number of persons on board; type of food prepared 

Treatment  
Cooking oil is in most cases collected and delivered to PRF. In some cases, it is 
incinerated. On some ships, it used to be customary to mix the cooking oil with 
sludge and treat it as sludge. 

Regulation  MARPOL Annex V 

Waste 
flow 

 

 

Definition  
Ships can be equipped with incinerators to burn sludge, domestic, operational waste 
and other types of waste. The resulting incinerator ashes are reported separately in 
the garbage record book. 

Source From burning sludge, domestic, operational waste and other types of waste 
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Quantity  0.004 to 0.06 m3 per month 

Driver Use of incinerator, cost of using incinerator 

Treatment  
Ashes are generated in the incinerator, collected in bags and delivered to PRF. There 
is no further treatment of this waste. The bags or bins are often dedicated for 
incinerator ashes, which may be classified as hazardous waste. 

Regulation  MARPOL Annex V 

Waste 
flow 

 

 

 

Definition  

Operational wastes mean all solid wastes (including slurries) not covered by other 
Annexes that are collected on board during normal maintenance or operations of a 
ship or used for cargo stowage and handling. This includes cleaning agents and 
additives contained in cargo hold and external wash water but not grey water, bilge 
water, or other similar discharges essential to the operation of a ship, taking into 
account the guidelines developed by the Organization. 

Source From Cargo handling, Hoteling, and Other 

Quantity  0.001 to 0.1 m3 per person per day 

Driver Size of the ship; type of cargo 

Treatmen
t  

Collected and stored. Often, different types of waste (glass, paper, metals) are 
segregated and stored separately. Hazardous waste is also often also kept separately 
in certified containers. In some cases, operational waste is incinerated as legally 
appropriate, in other cases it is delivered to PRF 
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Regulatio
n  

MARPOL Annex V 

Waste 
flow 

 

 

Definition  

The remnants of any cargo which are not covered by other Annexes to the present 
Convention and which remain on the deck or in holds following loading or unloading, 
including loading and unloading excess or spillage, whether in wet or dry condition or 
entrained in wash water but does not include cargo dust remaining on the deck after 
sweeping or dust on the external surfaces of the ship 

Source Cargo unloading 

Quantity  0.001 to 2% of cargo load 

Driver Type of cargo size of ship 

Treatment  

After unloading, cargo holds are brushed or washed (usually by hand) and residues 
are collected in bags and either handled by the stevedores (as cargo) or delivered to 
PRF (as waste). If needed, the cargo holds are rinsed with seawater and the residues 
disposed of at sea, if discharge is permitted, or to PRF, if it is not. 

Regulation  MARPOL Annex V 

Waste 
flow 

 

 



D6.2 - A Report on waste management 
 

 

 

 

 Page 67 of 71 

 

 

 

Definition  Substances that Deplete the Ozone Layer 

Source 
Ozone depleting substances are used on-board ships in air conditioning appliances 
or cooling equipment on reefers. They can also be contained in mobile equipment 
(fridges, mobile air conditioners). 

Quantity  na 

Driver 
Depending on the presence of appliances and technologies that emit this type of 
waste. 

Treatment  

Ozone depleting substances which are released to the atmosphere during leakages 
cannot be collected. Ozone depleting substances that are replaced during 
maintenance are collected by the specialist engineer undertaking the maintenance 
work and removed as waste. The major source of non-controlled ozone depleting 
substance waste is in broken mobile equipment that the ship wants to deliver to PRF. 

Regulation  MARPOL Annex VI 

Waste 
flow 

na 
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The following table shows the weight pr. unit of each material used in the production of the 
composite fibre structure.  

 

Description Unit Weight/Volume 

Vacuum bag 1m2 80g 

Spray glue Pr. Can 500ml 

Peel ply Pr. roll of 100 meters 3.36kg 

Infusion hose 19mm Pr. 30 meter 9kg 

Infusion hose 12mm Pr. 30 meter 5.66kg 

Small infusion valves Pr. bag 25 pcs 200g 

Large infusion valves Pr. bag 25. pcs 420g 

L-connector 10 pcs 80g 

Infusion box 400 pcs 2.8kg 

Tacky tape Pr. roll of tape 566g 

Spiral flex hose Bag of 100 meters 4.4kg 

Infusion Mesh Pr. roll of 130 meters  OBS 

Resin bucket 1pcs of 6L 190g 

Resin Bucket 1pcs of 11L 395g 

Wooden stir sticks small 1pcs 10g 

Wooden stir sticks large 1pcs 20g 

Black gloves Box of 6 pairs 760g 

Nitril gloves Box of 25 pairs 800g 

Ordinary work gloves Box of 12 pairs 480g 

Rolls   
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The waste generated from each production process was collected in a suitable container. Each 
container was weighted using in-house scale. Pictures from the whole process and pictures of the 
containers can be found in the table below. 

 

Description Illustration 

Production 
taking notes of 
material and 
type for waste 
generated in 
production. 

 

Close-up of 
Material 
documentation 
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Container which 
was used to 
collect Vacuum 
materials 

 

Containers 
which was used 
for collecting 
Fibre materials, 
Core materials, 
and Helping 
materials 
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