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1. Abstract 
 
Every year around 270 million tonnes of plastic are produced worldwide. As a result of poor 
waste management in many countries, a large amount of it ends up in the world’s oceans 
where it degrades into micro particles. The degrading plastic particles release toxic chemicals, 
which can bioaccumulate in bodies of oceanic life and subsequently travel through the 
nutrition chain. Hence it is of great importance to find solutions to this problem. In this report, 
the composition and scale of plastic marine debris is investigated using data collected from 
fieldwork performed by the authors in a number of countries around the world, as well as 
through examining and combining reports from the International Coastal Cleanups organized 
by Ocean Conservancy. The combined data is used to create a top ten ranking of the most 
common plastic marine debris and its corresponding plastic type. The most common items 
were determined to be e.g. beverage bottles and plastic bags and the most common plastic 
type was estimated to be PP, LDPE and PET. According to the data collected through the 
fieldwork, the total plastic share of the marine debris was estimated to range between 67.4% 
and 86.3%. Further, the possible economic gains of conventional material recycling, 
incineration for energy recovery and microwave pyrolysis as a material recovery process are 
investigated. The study is executed partly by reviewing several scientific articles on the 
subject as well as by practical laboratory work with microwave pyrolysis of polystyrene. The 
study shows that conventional recycling is not a sufficient treatment, due to the photo 
degradation of the polymers in the oceans. Furthermore, end products from incineration give a 
greater economical gain and provide for a less complicated and time-consuming procedure 
than microwave pyrolysis when considering the composition of plastic marine debris. 
However, microwave pyrolysis is a more environmentally friendly option than incineration 
due to the greenhouse gas emissions caused by incineration.  
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3. Introduction 
 
Once upon a time, the process of going grocery shopping was quite simple. From a 
consumer’s perspective, there were no differences between milk and milk, or potatoes and 
potatoes; instead, what the shopkeeper had in store was what was available. Only the 
shopkeeper knew the contents in the wooden barrels or the jute sacks, and the colorful and 
inviting packages had not yet entered the consumer’s course. Today, we don’t necessarily buy 
only chips and soft drinks when we go grocery shopping; instead we buy the concept of a 
relaxing evening with our loved ones. A six-pack of beer is not only a drink, but also a fun 
night out with friends. This transition from where food once only was a mere way of 
surviving, to becoming a status and branded cultural symbol has led to a vast increase of 
consumption.  
 
In this type of consumption-based society, with commercials driving us to consume more and 
where numerous amounts of gadgets are engineered to last for unjustifiably short periods of 
time, people are defined more by what they own rather than what they do (Dannoritzer 2010). 
Consumption is today an important reason for economic growth, and the “buy and throw 
away” philosophy is being perpetuated by means of a strong economic willpower together 
with the persistent access to cheap products throughout the world. Naturally, this new 
consumption pattern leads to an extensive need of waste management, which unfortunately 
lacks the same direct economic benefits as the consumption itself. This leads to an abundance 
of unwanted debris, a great part which ends up in one of the world’s oceans (Reilly 2010).  
 
As a result of the poor biodegradable quality of these materials and a lackluster waste 
management in many countries, the before appealing gadgets and packaging, that once gave 
the very shape to happiness, tastiness, popularity and prosperity, has now involuntarily 
become one with the marine ecosystem, causing death and suffering among its inhabitants 
(Greenpeace n.d.). The complexity to this problem is the beginning of a synthetic ocean, 
adorning the shorelines with a strand of plastic bottles and cigarette butts, decomposed by the 
wind and the waves, destined to mark the nature as a polluted footstep by mankind. 
 
Recording the composition of the marine debris is a challenging task and little research has 
been done on this matter. From coastal cleanups organized throughout the world, scientists 
are trying to map out the quantity and types of marine debris scattered in our oceans. With 
this information accessible, a small step is taken in the direction of a healthier ocean. By 
documenting the composition of the garbage in our oceans and using this information to 
discuss the economic potential associated to this issue, as well as by comparing different 
energy and material recovery techniques, this report aims to contribute to the scientific world 
with ideas of how to unravel this problem.  
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4. Purpose and scope 
 
The aim of this report is an attempt to encourage the collection of plastic marine debris by 
evaluating and estimating the composition and scale of plastic marine debris throughout the 
world’s oceans as well as reviewing its potential economic value. Even though the report will 
include certain discussions regarding marine debris in general, the emphasis will be on plastic 
marine debris. The composition of the marine debris will be based on shoreline data due to 
the difficulties to document data on the ocean surface, column or floor, and then estimated to 
represent the total marine debris composition, adding further approximation to the results. The 
quantity will only be estimated in terms of the number of floating items on the ocean surface, 
thus excluding the majority of the actual marine debris, and should therefore not be seen as an 
accurate indication of the total marine debris. Furthermore, the data has been collected in 
terms of quantity, adding further approximation regarding the quantity to weight 
transformation. 
 
The potential economic values will be evaluated with an emphasis on microwave pyrolysis as 
a material recovery procedure, with focus on polystyrene and its monomer styrene. This 
method will be compared to the common treatment procedures of conventional material 
recycling and incineration in order to obtain an understanding regarding the comparative 
benefits and disadvantages of microwave pyrolysis. The most common way to treat plastic 
waste today is either by landfilling, incineration or material recycling but since land filling 
does not generate useful end products, it will not be further discussed in this report. Further, 
microwave pyrolysis can be used for other purposes apart from material recycling, such as for 
energy recovery. However, since material recycling leads to a decrease of production of new 
petroleum, whereas using plastic waste as a source of energy indirectly leads to a demand for 
new petroleum, material recycling was the chosen purpose of the process throughout this 
report.  
 
When evaluating the potential economical value of marine debris, little consideration is given 
to expenses regarding collection, possible transportation of collected debris and/or end 
products, labor etc., hence only the potential value of end products are being discussed in 
numbers. Furthermore, the microwave pyrolysis executed in this report is done on pure 
polystyrene only, why the application of the results on plastic marine debris leads to greater 
approximations.   
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5. Method  
 
The purpose of the report will be met partly by studying existing scientific reports with a 
primary emphasis on the International Coastal Cleanup reports from the years 2009-2012, as 
well as through field and laboratory work preformed by the authors. Data from the 
International Coastal Cleanup reports will be combined in order to obtain an estimation of the 
most commonly found plastic types in the oceans in terms of number. This will be achieved 
by combining relevant data from the past four years (2009-2012) and to estimate the plastic 
type through this obtained data. The data collected from the fieldwork in the form of samples 
from randomly selected beaches will be used to create an estimation of the share of plastic 
marine debris in the ocean. The fieldwork shorelines, which can be seen in figure 3, chapter 
7.2.1, included visual documentation in Indonesia, practical and analytical documentation on 
the American, Swedish and Brazilian east coast, as well as on the Chilean west coast. The 
data will be recorded through the smart phone application Marine Debris Tracker that has the 
purpose of tracking the marine debris around the world. This method is recommended and 
developed by professor Jambeck who performs research concerning this issue at University of 
Georgia, USA. Furthermore, interviews have been carried out through email with Anders 
Höglund, associate professor in polymer technology, regarding the chemical characteristics of 
plastic.  
 
Further, the possible economic value of plastic marine debris through conventional material 
recycling, incineration for energy recovery and microwave pyrolysis as a material recovery 
process were investigated, primarily through literature studies. However, the use of 
microwave pyrolysis as a material recovery procedure was also investigated practically with 
the use of polystyrene, with guidance by postgraduate student Philippe Leclerc at École 
Polytechnique de Montréal in Québec, Canada. With the use of a modified microwave oven, 
multiple samples of polystyrene were decomposed with graphite as absorbent. To create an 
oxygen free environment, the system was purged using N2. The container was covered with 
an isolating material to enable maximum temperature within. Nine samples of identical 
polystyrene were tested with settings as shown in table 1. Solely the liquid phase obtained in 
the process was collected and analyzed. 
 
 

Table 1. Properties of microwave pyrolysis of polystyrene samples (PS#1 corresponds to 
sample number one, PS#2 to sample number two, etc.) 

Sample PS#1 PS#2 PS#3 PS#4 PS#5 PS#6 PS#7 PS#8 PS#9 
PS mass [g] 100.1 60.1 90.0 90.2 100.0 100.1 101.5 100.7 100.5 
Graphite mass [g] 1.03 1.45 1.21 1.52 1.05 1.01 1.11 0.97 1.02 
Graphite ratio [wt%] 1.03 2.41 1.35 1.69 1.05 1.01 1.09 0.96 1.01 
Output power [W] 1200 600 600 600 600 840 1200 840 840 
Cooling temp. [°C] -0.2 4.0 -1.2 0.0 -2.9 -2.0 -0.4 -0.1 1.7 
Reaction time [min] 26 18 20 18 23 23 20 19 23 
Liquid phase [wt%] 70.20 76.79 87.41 83.70 40.44 90.3 90.9 90.1 90.6 
Gaseous phase [wt%] 5.40 15.82 7.37 8.04 54.52 7.0 6.3 7.6 6.9 
Solid phase [wt%] 24.4 7.39 5.23 8.27 5.05 2.7 2.8 2.2 2.5 
 
The oil obtained in the process was collected and analyzed in a laboratory as follows. 50 µL 
of each oil sample were diluted with either 500 µL or 5 mL of acetone to receive the 
concentrations 1/10 and 1/100, respectively. Due to the calibration of the analyzing 
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instrument, two different concentrations were necessary. The samples were then inserted by a 
syringe into a gas chromatograph (Perkin-Elmer, Clarus 500) and the content was analyzed by 
software (Total Chrome Navigator) connected to the gas chromatograph. The analysis 
presented the compounds of the oil, the fraction of each compound and the time at which they 
were combusted. The results are presented in table 9 in the result section. 
 
The result of this report is divided into three chapters: (1) an introduction to the properties of 
plastic, followed by (2) an examination of the composition and amount of plastic debris in our 
oceans through, inter alia, fieldwork and examination of data from the International Coastal 
Cleanups from the years 2009-2012, and lastly (3) an analysis of the use of microwave 
pyrolysis as a treatment of plastic alternative to recycling and incineration is presented. 
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6. Plastic, a versatile material  
 
In 1907, Leo Hendrik Baekeland would change the world forever with his discovery of the 
first entirely synthetic material made out of petroleum; Bakelite. This was the beginning of the 
plastic era in which we live today (Chemical Heritage Foundation). Take a look around! 
Plastic is constantly surrounding you; in the form of a pacemaker, a computer, your sneakers, 
the chewing gum in your mouth or the toothpaste you use in the mornings. The many positive 
properties of plastic, such as its malleability and durability, have brought a popularity to 
plastic and it is today one of our most common materials. Albeit often referred to as “the 
most democratic material in the world” (Tuhus-Dubrow u.d.), plastic also has its downsides.  

 
 
6.1 What is plastic? 
 
Plastic is a synthetic or semi-synthetic material most commonly made from petrochemicals. 
Petroleum is a raw material rich in carbon and plastic consists of compounds containing large 
amounts of carbon called polymers (Helmenstine n.d.). These polymers consist of shorter 
carbon-containing compounds repeated into bigger units called monomers. The monomers 
can be combined in endless ways to create a nearly infinite amount of different types of 
plastics. Thanks to the material’s malleability, plastic can be molded into endless varieties of 
shapes (NDT Resource Center). 
 
Depending on its properties when heated, plastics can be divided into two major types, 
thermosetting plastics and thermoplastics. Thermosetting plastics are used in e.g. the vehicle 
industry and are durable and hard (Freudenrich 2011). This type of plastic has been cured into 
infusible and insoluble polymer network and can exist in both solid and viscous state (IUPAC 
Compendium of Chemical Terminology 2007). The thermosetting plastic consists of cross-
linked polymers and cannot be reshaped or retreated once cured. Instead, when heated, the 
thermosetting plastic chars (Freudenrich 2011). The majority of the end products of 
thermosetting plastics end up in landfills but it is also possible to recycle it into fiber filling 
(Ellis 2009). 
  
Unlike thermosetting plastic, which retains its original shape throughout its lifetime, 
thermoplastic has a soft molecular structure allowing it to be reshaped when heated. 
Thermoplastic consists of chains that can be broken, explaining why this plastic can be re-
melted and reshaped. When heated, the plastics’ chemical properties stay the same and it is 
only its physical properties such as shape that changes (NDT Resource Center u.d.). Unlike 
thermosetting plastic, thermoplastic can be reshaped a limited amount of times without 
significant reduction in its quality. Due to its reversible character, the thermoplastic is 
considerably more common in terms of commercial use (Modor Plastics 2014).  
 
Most types of plastic do not react with other materials, meaning that they can be used for 
storing a countless amount of substances. However, this property poses a significant 
environmental threat, since this means that plastic does not degrade like other organic 
materials (Freudenrich 2011). In other words, the very reason why plastic has become such a 
popular material, is what now threatens the world’s oceans. Although disposed locally, the 
marine debris problem has become a severe global issue since the pollution is crossing both 
political and geographical boarders (EPA 2012).  
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6.2 Degradation properties of plastic 
 
Every year the world produces around 270 tonnes of plastic. A marginal part of it is burned, 
some of it is reused and recycled, but the majority is put in landfills or simply thrown away in 
the nature (Wassener 2011). The very durability that makes plastic such a popular material 
among humans also makes plastic harmful to the nature. Plastic is a synthetic material and the 
common opinion is that it cannot degrade fully, like organic materials such as wood or food 
do. The process of degradation differs depending on the natural conditions and on the type of 
plastic (Silverman 2007).  
 
Plastics contain carbon-carbon bonds and cannot biodegrade from water or microorganisms. 
Thus, the primary degradation mechanism for plastics in the ocean is by the ultra violet 
radiation from the sun but also to some extent mechanically by waves and wind, or if located 
on shorelines, by grains of sand. The active type of degradation is called photo degradation, 
which transforms the bigger plastic pieces into micro particles, about 20 µm in diameter 
(Allsopp, o.a. 2005), also called nurdles or mermaid tears (Silverman 2007). When the ultra 
violet light degrades a polymer with a carbon-carbon bond, free radicals are formed. This 
process is extremely slow, and essentially causes significant trouble since it disturbs the 
collection of the debris; a single plastic bottle is easier to collect than hundreds of small 
plastic fragments. When photo degradation has taken place, no new substances are formed but 
only shorter chains of the polymer. It is equivalent to separating a train into fewer carriages; 
although perhaps significantly shortened, the train remains to be a train (Höglund 2014).  
 
These nurdles can then biodegrade, albeit the time required may be very long. The 
requirement of oxygen and a fairly high temperature is crucial for this process, meaning that 
the degradation time in the ocean might be much longer than on land. Since plastic has not 
existed long enough to actually go through the natural biodegradation process, scientists are 
still not completely sure about what degradation products are to be formed, nor the exact 
duration of this procedure (Höglund 2014). An estimated decomposition rate done by NOAA 
is shown in figure 2. Furthermore, recent studies have shown that when these particles 
degrade, toxic chemicals might be released. Since animals can confuse marine debris with 
food, this often occurs inside an animal’s body, where the chemicals dissolve due to the fat 
content and might cause an accumulation of toxicities in the body. Human beings, being at the 
top of the nutrition chain, are highly affected by this issue since even low concentrations of 
mentioned chemicals can cause harm to the human body (Broström 2008).  
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Figure 2. Estimated decomposition rates of common marine debris items, source: NOAA 
 
 

6.3 Different labeling of plastic 
 
In order to clarify the identification and sorting of the main types of plastic for consumers, the 
American Society of Plastics Industry developed a standard marking code. The polymers 
polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET), polyvinyl chloride 
(PVC) and polystyrene (PS) are the polymers most widely produced. In developed countries, 
more than one third of consumption of these polymers are in disposable products such as 
plastic bags and food packaging. In developing countries the amount is ever higher where in 
India the consumption correspond to about 42% (Andrady and Neal 2009). Their 
manufacturing processes, common uses and recyclability are presented below. 
 
Polyethylene is obtained from a mix of methane, ethane and propane, or by cracking of crude 
oil into gasoline. Under the right temperature and pressure conditions, the ethylene monomers 
are linked together. Polyethylene can be molded into many different shapes, and its low 
production price and properties such as high gas resistance and low water absorbance makes it 
the most produced polymer today. It is a common compound in plastic bottles and bags and it 
is also used for e.g. containers and kitchenware. There are different kinds of polyethylene, the 
most common being low-density polyethylene (LDPE) and high-density polyethylene 
(HDPE). In the recycling process the used material is mixed with virgin polyethylene due to 
impurities and inconsistencies in the material being recycled (Plastics Europe n.d.). 
Polyethylene, along with polypropylene, is the most common type of plastic in the ocean 
(Wilson 2013).  
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Polypropylene is primarily obtained from cracking of naphtha or other oils (ICIS 2007). The 
final products are produced by extrusion where fibers form long chains that can later be 
melted and molded into the right shape. The possibility to add a number of additives makes 
the polypropylene useful in many applications. Polypropylene is used in reusable and 
disposable packaging and containers, in textiles and in cups and caps, among other things. It 
is a hard polymer that can withstand high temperatures, very humid conditions and exposure 
to a variety of chemicals (Plastics Europe n.d.). The demand for the material has grown at a 
rate of a few percent each year since 2004, and it is now the second most produced polymer. 
Even though polypropylene is recyclable, only about 1% of the material produced is being 
recycled today, making it one of the least recycled polymers. The main reason for this is the 
difficulties to remove dirt and smell from the material leading to most of the waste ending up 
as landfill. Approximately 20% of municipal solid waste is comprised of products containing 
polypropylene, and the time for it to decompose completely is around 20-30 years (LeBlanc 
n.d.). Polypropylene, along with polyethylene, is the most common type of plastic in the 
ocean (Wilson 2013). 
 
Polyethylene terephtalate, or PET, is obtained by refining crude oil to separate the numerous 
petroleum products. The PET monomers ethylene glycol and terephthalic acid are then 
purified, heated and mixed together. The PET’s initial shape is a long, thin object that is later 
chopped into pieces and transformed into the final figure. PET is a strong polymer that can 
withstand high pressure and chocks. It is most commonly used for beverage bottles since it 
preserves the taste of beverages and the carbonic acid of fizzy drinks. Containers for edible 
oils, pre-cooked meals and vacuum packed products are other applications of the polymer. It 
is also used as a synthetic fiber, on its own or mixed with wool or cotton. PET is recycled 
extensively throughout Europe, either by mechanical recycling where a washing process 
provides clean polymer flakes, or by chemical recycling where the polymer is broken down to 
the PET monomers that can be purified and used again. However, recycling of PET 
worldwide if not as extensive as in Europe. The polymer usually does not contain heavy 
metals and/or substances dangerous for the environment (Plastics Europe n.d.). 
 
Polyvinyl chloride (PVC) is obtained from chlorine, acquired from salt and oil or gas via 
cracking processes and electrolysis. Before obtaining the final product, the gas vinyl chloride 
monomer (VCM) is produced. The VCM molecules link together under polymerization to 
form the white powder PVC. The powder is then mixed with stabilizers or plasticizers to 
create the specific features required for a certain product. By varying these stabilizers and 
plasticizers different properties such as strength, solidity and color can be modified. Due to 
the wide range of possible properties in the material, PVC is a widely used material. It is a 
material with high durability and permeability that is light, strong and non-flammable. PVC is 
used in a various amount of products, among others packaging for food, beverage and medical 
products, coatings for cables, and in products such as footwear and tents (Plastics Europe 
n.d.). 
 
Polystyrene is a polymer obtained by polymerizing the monomer styrene. Styrene is in turn 
obtained from crude oil, which through a number of processes such as distillation, steam 
cracking and dehydration can be transformed into styrene. The final product of polymerized 
styrene is a polystyrene pellet. The pellets are then melted and either extruded, thermoformed 
or injection molded to create the desired shape. Polystyrene is an inexpensive material per 
unit weight and it is used in a wide range of products such as food and beverage packaging, 
disposable cups, plates and medical equipment, and toys. Polystyrene is found in a number of 
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disposable products such as plastic cutlery, cups and straws as well as in Styrofoam 
packaging for take-away food. The material makes up for a great part of polymers in 
municipal solid waste (Achilias, et al. 2007), but due to lack of necessary recycling equipment 
and logistical systems required to recycle polystyrene, the polymer is not accepted in most 
municipal recycling stations and therefore most of the polystyrene is not being recycled today 
(Plastics Europe n.d.). 

 

6.4 Recycling and reusing of plastics  
 
The widespread use of plastic throughout the world has led to a great demand for a proper 
waste management. The quality and accessibility of the plastic recycling systems is 
discontinuously spread throughout the world depending on factors such as wealth and social 
norms  (Ogawa u.d.). The process of recycling plastic may differ from country to country, 
depending on the scale of the waste management. Generally, plastics are collected from 
curbside recycling bins or drop-off sites and are then shipped to waste facilities where dirt and 
trash is removed from the plastics. After the material has been sorted by plastic type and color 
it is grounded into small flakes and eventually melted into small pellets and shipped to a 
facility that creates new types of plastic products (EPA 2014). Due to the chemical quality of 
the plastics, this procedure can take place only a limited number of times and the materials’ 
properties deteriorate further each time it is done. Generally, plastic fibers are said to manage 
up to seven recycling processes before becoming unusable for material recycling. Once a 
specific type of plastic has been recycled, it is most commonly reprocessed into a new 
material with different properties (Lunds Renhållningsverk 2009).  
 
Despite this limitation, there is nonetheless a wide range of recycled plastic applications. 
Recycled plastic can be used in a broad array of products such as fleece garments, plastic 
bottles, seed trays and building insulation. Nevertheless, recycled plastic is typically not used 
as food packages, which is currently the most common application of the material. Another 
significant limitation regarding recycled plastics is the difficulty to achieve a transparent 
color, making it impossible for the material to be used within the whole range of food 
packaging products (Waste Watch 2006).  
 
Recycling plastics can theoretically be profitable from an economic point of view, as 
approximately two kilograms of crude oil is needed to create one kilogram of plastic. 
However, many aspects such as the great variety of plastics together with inconvenient 
placements of plastics in many products, pose a practical difficulty to collecting and sorting 
the plastics. A greater amount of energy has generally been needed for more advanced 
plastics, indicating that these types are more desirably recycled from an energy perspective, 
even though the mass and accessibility of the plastic material naturally also play an important 
during the recycling process (Stockholmsregionens Avfallsråd 2007).  
 
The life span of a plastic product is generally quite short. A majority of plastic products aims 
to protect other products in the form of packaging. Once the content of the packaging has 
been used up, the lifespan of the plastic package is usually coming to an end (EPA 2014). 
Since plastic products can rarely be recycled into the same material, the amounts of new 
products are limited, leading to energy losses. Many plastic materials cannot be recycled into 
another material, and are instead recycled for its energy content (Emmaboda Energi u.d.). A 
more energy efficient method would be to reuse the plastics, as it demands fewer resources. 
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However, this is not always justified from a health perspective, since many plastic materials 
are not designed for multiple uses and might leach toxic chemicals, putting human health at 
risk (Earth Talk u.d.). 

 
 
6.5 Incineration of plastic  
 
Due to dirt, contamination, material mixes and previous recycling, some plastic products may 
not be suited for reuse or recycling. Since they are products composed of petroleum or natural 
gas, the stored energy is higher than in many other common municipal solid waste material. 
To avoid wasting this stored energy, incineration is a more preferred action to take than land 
filling. In an energy recovery facility, the plastic is incinerated together with other municipal 
solid waste where the resulting heat energy generates steam or electricity. The electricity can 
be fed into the grid to be distributed to users such as homes and hospitals, and the steam can 
be used in industrial production processes (CEWEP 2010). Modern energy recovery facilities 
are equipped with air pollution control devices, to decrease emission of hazardous gases and 
particulates and the high temperatures provided in the incineration chambers lead to a cleaner 
combustion process resulting in less waste products, such as ash, that eventually end up in 
landfills (SPI 2014). 
 
Since incineration can be more economically profitable compared to recycling, where e.g. 
separating the materials is an extra cost, the incentive to reduce incineration, in favor of 
increased recycling, can be low, in particular regarding materials such as plastics, whose 
structure makes them a suitable subject for incineration (Seltenrich 2013). However, 
incineration of plastic materials can lead to emissions of greenhouse gases such as carbon 
dioxide. Additionally, plastic waste is not a renewable energy source and using incineration of 
plastic as a source of energy may create a demand for more waste, thus decreasing the interest 
in expanding and developing new recycling methods. A large amount of plastic materials used 
in energy recovery facilities today could in fact be reused or recycled instead (GAIA 2012). 
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7. Plastic in our oceans 
 
This section will serve as an attempt to describe the composition and scale of the debris in 
our oceans. This will be achieved using data collected from fieldwork in a number of 
countries around the world performed by the authors, as well as through examining and 
combining reports from the International Coastal Cleanups organized by Ocean 
Conservancy. This will be followed by a section regarding the amount of plastic in the ocean, 
as well as estimations of the energy content in common marine debris plastics and the market 
value of the energy obtained from incineration. To enhance the understanding of the 
manageability of the marine debris, the reader will also be introduced to different methods of 
marine debris removal. 
 
 

7.1 The International Coastal Cleanup  
 
Starting in 1986, the organization Ocean Conservancy has organized extensive international 
coastal cleanups, whilst recording a significant amount of debris related data. Nine million 
volunteers, including divers, boat owners and walkers from over hundred countries have 
collected a total of over 66000 million tonnes of marine debris (Ocean Conservancy n.d.). 
These efforts are unquestionably a successful tool for battling the illness from which the 
world’s oceans are suffering, and its data can contribute in the time-intensive work of 
mapping out the type of marine debris polluting them.  
 
 

7.1.1 Marine debris sources 
 
In order to simplify the collection and classification of marine debris, the source in which the 
item can be included needs to get identified. Identifying the origin of plastic pollution is 
fundamental for developing a solution of the marine debris issue. Furthermore, the gathered 
information would help contributing with knowledge of what plastic types are most 
commonly found in the world’s oceans. The significance of this data applies to both direct 
and preventive efforts. Even though all marine debris collected does not exclusively consist of 
plastic products, the following categorization works quite well for mapping out the existing 
garbage types.  
 

• Shoreline and recreational activities: Refers to land-based activities such as beach 
trips, walking the dog, picnics etc. Includes all recreational activities such as beach 
sports and festivals. Mainly disposable debris such as food wrappers.  

• Ocean/Waterway activities: Involves recreational waterway activities such as fishing 
and boating, but also business related operations such as offshore industries, cruise 
ships and commercial fishing. Also includes military or cargo activities.  

• Smoking-related activities: Inconsiderate disposal of cigarette related object such as 
cigarette filters, lighters and packaging.  

• Dumping activities: Dumping of domestic and industrial garbage, both legally and 
illegally. Also includes construction materials as well as large household appliances.  

• Medical/Personal hygiene: Refers to a vast range of medical hygiene products such 
as band-aids, syringes and tampons.  
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The amount of debris contained in these categories is distributed differently throughout the 
world, and these regional trends should be considered when discussing this issue. Judging 
from the information gathered through the yearly International Coastal Cleanups, the 
geography plays a great part through aspects such as culture, climate and politics.  
 
In 2009, the largest amount of collected marine debris generally originated from the first 
category, Shoreline and recreational activities. However, the scale of the amount of debris 
from this group distinctly varied between continents. In Central America, 84.9% originated 
from this category, whereas in North America only 55.2% had its origin from this source. 
Europe had a superior share of 24.9% of debris from the second category, Ocean/Waterway 
activities, compared to the other continents. North America, strongly resembling Europe in 
various means only had a 5.0% share of marine debris from this category. Concerning the 
third category, Smoking-related activities, a great variation could be observed among the 
different continents. In North America, 37.2% of its collected debris had its origin from this 
category, although in the Caribbean and Central America, the amount was only 7.7% and 8% 
respectively. Regarding the two last categories, Dumping activities and Medical/Personal 
hygiene, only slight differences could be observed, with Europe having the largest percentage 
of Dumping activities on 2.8% and South East Asia the largest amounts of Medical/Personal 
hygiene products with 2.0% (Ocean Conservancy 2010). 
 

7.1.2 Marine debris items 
 
The majority of the individual items can be classified into the different sources. In order to 
obtain an accurate idea of the composition of the debris collected, every item is logged by the 
volunteers and the information is used to compile a list of the most commonly found debris. 
The rankings of the most common type of debris differ depending on the year of the coastal 
cleanup albeit these variations have not been significantly big the last couple of years. 
Nevertheless, as an attempt to obtain a more general and less time dependent ranking, each 
year’s data should be combined into one common ranking. Furthermore, the items logged in 
the Coastal Cleanup spreadsheets also include non-plastic materials, which must be removed 
in order to obtain a relevant ranking. By adding the total amount of plastic marine debris 
items from the past four years, a new conjoint ranking is obtained. Table 2 shows this new 
ranking of the top-ten most common plastic marine debris including combined data from the 
past four years. The data used comes from a spreadsheet including the most common marine 
debris items found between 2009 and 2012. For simplicity, cigarettes have been excluded 
from the rankings. 
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Table 2. Top-10 plastic marine debris 2009-2012 estimated by the authors, data from Ocean 
Conservancy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The most common material is beverage bottles, bags, caps and lids and food wrappers or 
containers, all with around 9 – 10% of the total share. The top ten plastic marine debris items 
make up a share of 53.1% of the total items collected. These plastic marine debris items can 
subsequently be converted into a corresponding plastic type. (National Institutes of Health 
2012) (Leed's n.d.). The top six items cover around 50% of the total number of debris and the 
remaining items will be excluded from the list for simplicity. The result is shown in table 3.  
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Table 3. Most common debris and corresponding plastic 

Item Amount 
[%] Type of plastic 

Beverage bottles 9.8 Polyethylene Terephthalate (PET) 

Plastic bags 9.8 
High Density Polyethylene (HDPE) and Low 

Density Polyethylene (LDPE) 
 

Caps and lids 9.3 Low Density Polyethylene (LDPE) as well as 
Polypropylene (PP) 

Food wrappers 
/containers 9.3 

Polypropylene (PP), Low Density Polyethylene 
(LDPE) and Polyvinyl Chloride (PVC) 

 
Cups, plates, forks, 
knives and spoons 5.8 Polystyrene (PS) 

Straws, stirrers 4.6 Polypropylene (PP) 
 
This share is measured by items and needs to be converted into a corresponding ranking of 
weight. However, there is currently no accurate conversion method to do so. When the weight 
is unknown, as is the case with the International Coastal Cleanup, the significance of the error 
source related to the approximations made will be too great to obtain a valid number. 
Hypothetically however, if the item quantity successfully could be converted into a 
corresponding weight and subsequently assigned to the most commonly used plastic type, it 
would be possible to approximate the share of each plastic type. Since no legitimate methods 
currently exist, the calculations will not be further executed.  

 
7.2 Fieldwork Coastal Cleanups 
 
There is a great difficulty concerning recording of marine debris composition due to the 
waste issue’s magnitude and geographical scale. A contribution to the existing research has 
been done by documenting coastal debris on a number of selected shorelines across the 
world. This data should not be considered a definitive representation of the total marine 
debris, but as a concrete supplement to other research used in this report as well as an 
illustration of the problem through the eyes of the authors. The data collected through the 
coastal fieldwork is used to estimate a total plastic share of marine debris. 
 

7.2.1 Fieldwork shorelines  
 
The fieldwork mainly consists of analytical documentations of coastal debris, but also 
includes visual recording in the form of pictures. The severity of the issue differs throughout 
the world and it is of great importance to create an accurate global picture of the issue among 
the world’s shorelines. Marine debris can be collected in a number of ways; currents and 
waves bring it together to “garbage patches” which could be taken advantage of through the 
high concentration of plastics. However, photo and mechanical degradation often interferes 
with the debris collection and many times attacking the problem before it reaches the ocean, 
e.g. on shorelines, might be a more efficient approach.  
 
The documentation took place in the following places:  
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• Jakarta and Bali, Indonesia, visually 
• Wrightsville Beach, NC, USA, analytically (see table 4) 
• Stora Grindö, Sweden, analytically (see table 5) 
• Ilha Grande, Brazil, analytically (see table 6) 
• Valparaiso, Chile, analytically (see table 7) 

 
The shorelines where the marine debris issue was investigated, as shown in figure 3, add a 
geographical impartiality to the issue. The ineffective waste management systems in many 
countries do not solely affect marine life but also recreational possibilities. This might in the 
long run cause negative effects on local populations through lacking incomes from tourist 
business. It is therefore clear that there are more economic benefits than from only the energy 
content within. Furthermore, the data collected from the fieldwork also indicates differences 
between the amount of marine debris as well as its sources. This should be taken into account 
when investigating the possibilities of gathering the garbage with the purpose of energy or 
material recovery.  
 

 
Figure 3. Fieldwork locations around the world 
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Jakarta and Bali, Indonesia  
 
Jakarta is the capital of Indonesia, a huge, bustling metropolis bewildered in the transition 
between a rundown, traffic jammed third world city and a modern, constantly growing first 
world city. The gap between rich and poor is devastatingly clear and the municipal waste 
management system lacks both infrastructure and economical means to get rid of the endless 
amounts of trash covering the streets and backyards of Jakarta (Sidjaja 2012). The port of 
Jakarta, Tanjung Priok, is no exception of this occurrence; as one of the biggest ports in the 
Java Sea it currently holds the anual capacity of 5 million TEU:s and has come to be the 
temporary resting stop of a great amount of debris, giving the harbour the impression of a 
floating landfill (Indonesia Investments u.d.), as shown in figure 4, 5 and 6.  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 4. A worker in the Jakarta Port contemplating the plastic soup 
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Figure 5. Impressive old wooden boats shares the Java Sea with the plastic debris 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. The Jakarta port Tanjung Priok gives an impression of a floating landfill 

 
 
Bali is often described as a paradise island, with powder-white sand covering the miles-long 
beaches. Just like in the rest of Asia, that picture exists with some moderation. Trash is a 
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common feature in the South East Asian nature which deeply threathens the recreational 
values in these otherwise so beautful places in the world, unfortunately Bali is no exception. It 
should be kept in mind that the fieldwork only serves as a random sample, and only one beach 
was documented, Kuta Beach, see figure 7, 8 and 9. Furthermore, at this particular day the 
weather conditions were favorable for trash to be blown up on the shore due to high waves 
and strong winds. However, the amounts of trash on the beach was alarming, keeping most 
people out of the water, invaded by countless pieces of trash. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Piles of garbage gathered by local population in Bali 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Debris scatterd on Kuta Beach in Bali, Indonesia 
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Figure 9. Debris scatterd on Kuta Beach in Bali, Indonesia 

 
 
Wrightsville Beach, the United States 
 
Wrightsville Beach is a beautiful North Carolinian beach situated outside of the small city of 
Wrightsville on the American east coast. Dolphins and pelicans are a frequent feature in the 
fauna, and the area is a typical vacation town, with vacationers from all around the country 
enjoying the beautiful Carolinian landscape. The United States, with a considerably more 
advanced and extensive waste management system, does not battle the same challenges as 
South East Asia. However, the country’s waste management system is certainly due for 
improvements and compared to many European countries, the United States still has a long 
way to go. For example, only eleven states have adopted the deposit system, a method of 
recycling where the buyer pays a small deposit for cans or bottles, which will be returned 
when recycling (USA Today 2008).  
 
The fieldwork at Wrightsville Beach took place during three weekends in February with a 
relatively low number of people active in the area, implying that the number of debris items 
might be higher during the more active months. The collected debris had mostly a recreational 
origin, and has most likely been disposed at the same location as where it was found, see table 
4. Toys, band-aids, cigarette and food wrappers were common features; all which are typical 
beach activity items. Cigarettes were the most common debris, an occurrence that might have 
its origin in cultural behavior. The accessibility of trashcans together with the common 
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opinion of litter being something negative implies that a large part of the collected debris was 
disposed of in the nature by accident. However, cigarettes seem to be excluded from this 
philosophy, and this item has a higher cultural acceptance to be disposed of in the nature. 
 
 

Table 4. Marine debris collected on Wrightsville Beach 
Item 

Category Item name Quantity Description 

Cloth Rope (n.p) 2  
Cloth Fabric pieces 4 Nylon 

General Other 1 Sunglasses 

General Other 1 Kid’s plastic spoon (non 
disposable) 

General Other 1 Entrance paper wrist band 
General Other 1 Paper tag 
General Other 1 Plastic tube 
General Other 1 Dailies contact lens 
General Other 1 Plastic base to beach chair 
General Other 1 Rubber band 
General Other 2 Aluminum foil 
General Other 1 Band-aid 

General Other 3 Candy wrapper aluminum 
foil 

General Other 1 Tape 

Glass Jars 1 Partly mechanically 
degraded 

Lumber Food wrappers (paper) 1  
Metal Aluminum or tin cans 1  
Plastic Toys 3 E.g. Frisbee 
Plastic Balloon/string 1  
Plastic Rope or small net pieces 2  
Plastic Cups and tops 5  
Plastic Bottle or container caps 18  

Plastic Silverware or plates or carry-out 
(plastic or Styrofoam) 1 Plastic spoon 

Plastic Food wrappers 13  
Plastic Plastic or styrofoam fragments 26  
Plastic Food wrappers 2  
Plastic Cigarettes 28  

 
 
The most common item at Wrightsville Beach seen to number was cigarettes (28), plastic or 
Styrofoam fragments (26), and bottle or container caps (18). Cigarette filters are made from 
cellulosic acetate, which is an organic based material but with the characteristics of 
thermoplastic, for example in terms of its degradation properties. Since the material is 
essentially not petroleum based and lacks the same chemical properties as plastic it can be 
seen as both a plastic material and a non-plastic material (Jambeck 2014). In general, 
cigarettes are one of the most common marine debris items (Ocean Conservancy 2010) and 
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will affect the plastic share a great deal depending on how the item is recognized. For 
simplicity, the cigarettes will be excluded from this estimation. From the total of 95 items 
found (after excluding the cigarettes), 82 items were made out of plastic, resulting in a plastic 
share of 86.3%. By examining data from the fieldwork, it is thus clear that the most common 
marine debris material is plastic. Metal and paper are also common elements in the collected 
data, although the vast majority are different types of plastic products.  
 

Stora Grindö, Sweden 
 
Near the small town of Loftahammar in southern Sweden, the remote island of Stora Grindö 
composes a part of the spectacular archipelago of Tjust. The shoreline consists of rocky 
beaches and moss encrusted bare cliffs and the recreational opportunities are quite distinctive 
compared to the American or Asian beaches. Stora Grindö and its surroundings are some of 
the last areas for traditional Swedish fishing in the Baltic Sea. Salmon farming and eel fishing 
are common occurrences in these waters, as well as fishing in smaller scale, such as angling 
and traditional Swedish net fishing.  
 
Nevertheless, even though inhabited by some permanent residents, the Swedish archipelago 
consists of a numerous islands inhabited by mostly vacationers. Vacation activities such as 
building and restoration projects as well as recreational activities such as sailing, fishing etc. 
affect the composition of debris. Boats from Sweden, Denmark and Germany cruise the 
waters during the summertime, contributing to the litter in the Swedish nature. All these 
activities are reflected in the types of marine debris that was collected during the fieldwork; a 
great amount of rope fragments used when fishing was found as well as house paint, a wire 
brush, sheet metal cans and barrels probably used during construction projects. Many 
disposable articles such as beverage bottles, plastic cups, food wrappers and plastic bags were 
also documented, see table 5. 
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Table 5. Marine debris collected at Stora Grindö  

Item Category Item name Quantity Description 
Cloth Clothing or shoes 2 Shoes 

General Other 1 Sheet barrel 
General Other 1 Sheet can 
General Other 1 Wire brush 
General Other 4 Wooden box 
General Other 1 Plastic box 
General Other 1 Jar of house paint 
General Other 1 Plastic tube 
General Other 1 Toilet seat 
General Other 3 Lever, plastic 
Glass Beverage bottles (non plastic) 3  
Metal Aluminum or tin cans 2  
Metal Aerosol cans 1  
Plastic Beverage bottle (plastic) 15 2/3 transparent 
Plastic Non-food related plastic packaging 16  
Plastic Rope or small net pieces (plastic) 1 1 dm in diameter 
Plastic Cups and tops 4 Plastic cups 
Plastic Bags, trash, retail 23 See-through and black 
Plastic Rope or small net pieces 20 Green and blue 
Plastic Styrofoam packaging 2  
Plastic Food wrappers 3  
Plastic Jugs or containers 9  
Plastic Personal care product 1 Toothpaste 

 
The most commonly found items in Stora Grindö seen to number, was Bags, trash, retail (23), 
rope or small net pieces (20) and non-food related plastic packaging (19). These items did all 
fall under the “Plastic” category and from the total of 116 items found, 100 items were plastic, 
resulting in a plastic share of 86.2%. No cigarettes were found in this documentation, which is 
why no simplifications had to be done regarding this matter. 
 

Ilha Grande, Brazil 
 
Ilha Grande is a tropical island situated on the east coast of Brazil with most of its territory 
included in the Ilha Grande State Park. The isolated island is situated 15 kilometres off the 
coast of Angra dos Reis with only a few permanent inhabitants where neither cars nor banks 
can be found (Destino Islas u.d.). Both the island and the water surrounding it is protected 
area with a large number of endangered species. The unique marine life of Ilha Grande offers 
the possibilities to see topical fish and corals together with penguins and whales (Viventura 
u.d.). The documentation of debris took place on two beaches; Enseada de Palmas and 
Enseada do Abraão, see table 6. 
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Table 6. Marine debris collected on Ilha Grande 

 

Item 
Category Item name Qua

ntity Description 

Cloth Rope (non plastic) 1  
Cloth Fabric pieces 1 Cloth 
Cloth Clothing or shoes (non flip flop) 2 Shoe + sole 
Cloth Fabric pieces 1 Plastic based 

Fishing gear Fishing lures and lines 1 Fishing line and bait 
General Other 1 Tape 
General Other 7 Plastic tube 
General Other 3 Metallic tube 
General Other 44 Pieces of glass 

General Other 6 Aluminum food wrapper 
General Other 1 Pieces of mirror 
General Other 1 Wine cork 
General Other 1 Plastic hanger 
General Other 1 Glass cap 
General Other 1 Ice cream stick wood 
General Other 1 Sucker plastic 
Glass Jars (glass) 4  

Lumber Food wrappers (non plastic) 3  
Lumber Building material 74 Brick tiles 
Lumber Paper and cardboard containers or pieces 6  
Metal Aluminum or tin cans 20  
Metal Bottle or container caps (metal) 8  
Metal Aerosol cans 2  
Plastic Bags, trash, retail 10  
Plastic Jugs or containers 10 Shoes 
Plastic Beverage bottle (plastic) 25  

Plastic Silverware or plates or carry-out (plastic 
or Styrofoam) 5 Plastic spoon 

Plastic Cups and tops (including Styrofoam) 12  
Plastic Food wrappers 96  
Plastic Bottle or container caps 58  
Plastic Cigarettes 28  
Plastic Straws 49  
Plastic Personal care products 1 Floss 
Plastic Toys 1  
Plastic Plastic or Styrofoam fragments  83  
Plastic Rope or small net pieces 4  
Plastic Styrofoam packaging 4  
Plastic Jugs or containers 1 Oil can 
Plastic Cigarette lighters 1  
Rubber Flip flops 7  
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The quantity of the shoreline debris was the greatest one documented, with almost 600 
identified debris items. The most common items included food wrappers (96), plastic or 
Styrofoam fragments, (83) and brick tiles (74). Most of these items reflected the vacation life 
led by the number of tourists that yearly visit the island and the corresponding recreational 
activities; plastic bottles and aluminum cans, cigarettes, straws and food wrappers. The 
Brazilian beaches also differed from the other beaches due to its high concentration in glass 
pieces and brick tiles, leading to a smaller plastic share. Again, the cigarettes will be excluded 
for this estimation for simplicity. Of the 565 items found, 381 were made out of plastics, 
resulting in a plastic share of 67.4%. 
 

Valparaíso, Chile 
 
Valparaíso was the first city to be founded in Chile due to its advantageous location on the 
Pacific coast. The commercial impact of the Valparaíso port can be seen throughout the city 
in form of colonial remnants such as squares, viewing points and stairways.  The prosperity of 
the city continued until the opening of Panama Canal in 1914, at which point its development 
slowed (UNESCO u.d.). The data was collected on a 20-meter strip close to the port with a 
railroad track and a car road close by, see table 7.  
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Table 7. Marine debris collected in Valparaíso  
Item 

Category Item name Quantity Description 

Cloth Clothing or shoes 1 Glove 
General Other 1 Padlock 

General Other 2 Aluminum food 
wrapper 

General Other 4 Wine cork 
General Other 1 Candle 

General Other 9 Plastic cable 
protection 

General Other 1 Diskette 
General Other 15 Pieces of glass 

General Other 3 Cigarette 
packaging 

General Other 1 McDonald’s 
ketchup bag 

Glass Beverage bottles (non plastic) 8  
Lumber Paper and cardboard containers or pieces 6  
Metal Bottle or container caps (metal) 14  
Metal Aluminum or tin cans 1  
Plastic Beverage bottle (plastic) 2  
Plastic Bottle or container caps 33  
Plastic Cigarettes 64  
Plastic Plastic or Styrofoam fragments 22  
Plastic Rope or small net pieces (plastic) 4  
Plastic Straw 9  
Plastic Cigarette lighters 2  
Plastic Food wrappers 14  
Plastic Bags, trash, retail 1  

Plastic Silverware or plates or carry-out (plastic or 
Styrofoam) 4 Plastic spoon 

 
 
The most common items found in Valparaíso were cigarettes (64), bottle or container caps 
(33) and plastic or Styrofoam fragments (22). After excluding the cigarettes, a total of 158 
items were found, from which 102 items were made out of plastics, resulting in a plastic share 
of 64.6%. The Valparaíso port data differed from the rest in terms of a smaller plastic share, 
but also in terms of what type of items were found. The closeness to the railroad track added a 
higher share of metal items, and the human activities associated with in the Valparaíso port 
differ from the other shorelines. 
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7.3 Where and how much? 
 
It is of high relevance to examine the composition and share of plastic marine debris, but also 
the direct amount and weight of the material in the world’s oceans and on shorelines. A great 
number of studies have been carried out by scientist in many different countries around the 
world, contributing to information about e.g. concentrations and common locations for the 
plastic debris. Due to practical reasons, the studies mainly include macro plastic since the 
microscopic nurdles are hard to collect without hurting the marine life. To estimate the total 
amount of marine debris is difficult, and there has not been any certain studies regarding the 
amount of marine debris worldwide. Instead, many regional studies have been carried out to 
contribute to mapping out the characteristics of the problem (Allsopp, o.a. 2005). 
 
Studies have shown that plastic marine debris is found closer to the equator and in the tropics 
compared to areas closer to the poles. Furthermore, comparatively higher quantities can be 
found within shipping lanes, around fishing areas and by oceanic convergence zones. There is 
also a documented relationship between closeness to an urban areas and the amount of marine 
debris; on a shoreline in the densely populated area of east Indonesia, 90% of the upper shore 
and strandline was reported being covered by plastic. Plastic marine debris can be found 
either as floating objects on the sea surface, in the water column, on the sea floor or on the 
shorelines. It is estimated that around 60 – 80% of the marine debris consists of plastic. About 
half of the plastic debris floats and can therefore travel long distances with ocean currents. On 
the other hand, materials such as glass, metal and some types of plastics sink to the ocean 
floor (Allsopp, o.a. 2005).  
 
The highest quantity of shoreline debris was documented in Indonesia and Sicily; with up to 
29.1 items/meter and correspondingly 231 items/meter. Studies regarding floating marine 
debris have investigated the amount of items per km2 in different areas around the world. The 
amount of floating macro debris was generally within the range of 0 – 10 items per km2, but 
higher values could be found in the English Channel (10 – 100+ items/km2) and in Indonesia 
(4+ items/m2). However, floating micro debris is generally of much greater quantities and in 
e.g. the North Pacific Gyre, scientists found almost a million micro items/km2. Debris located 
at the seafloor was by scientists found in European waters as well as in the USA, Caribbean 
and in Indonesia. The highest level of debris in Europe was measured to 101 000 items/km2, 
and in Indonesia 690 000 items/km2 (Allsopp, o.a. 2005). 
 
Captain Charles Moore, the discoverer of the Great Pacific Garbage Patch, has calculated the 
total amount of floating debris to be 200 million tonnes, based on the estimation that 2.5% of 
the produced plastic ends up in the ocean. However, Marcus Eriksen, co-founder of 
organization 5 Gyres estimates the total amount to be only 500 000 tonnes (Parker 2014). 
Other estimations made by UNEP (United Nations Environmental Program), suggests that 
there are between 13 000 and 18 000 items/km2 floating around on the average ocean surface 
(Allsopp, o.a. 2005). Taking the mean value of this number, 15 500, and multiplying it with 
the area of the world’s oceans, could at least be an educated guess. Since the ocean covers 
around 361 million square kilometers (Lindahl 2013), the total amount of floating debris 
would reach the number of around 5 – 6 trillion floating items. If the mean value of the plastic 
shares calculated previously in the report from the fieldwork data (76.1%) is multiplied with 
number, this would result in a total of 4 – 4.5 trillion floating plastic items in the oceans. It 
should not be forgotten that this number only estimated the floating items, and shoreline and 
ocean floor debris has not been taken into consideration. Furthermore, it is estimated that 70% 
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of the floating marine debris eventually sinks to the ocean floor which indicates total numbers 
much higher (Greenpeace n.d.). 
 
As mentioned earlier, the issue regarding the transformation of a quantity of plastic marine 
debris into a total weight remains. A solution could be to develop collection methods that 
include the documentation of either weight or volume. This could for example be achieved by 
simply weighing the marine debris after its collection, or by collecting the debris in a 
container of known volume and once filled, estimating the volume of the debris to be the 
volume of the container, even though this method requires a known material density. If the 
weight or volume of the marine debris item is not documented before disposal, there are great 
difficulties in attaining this information in hindsight. A solution for this problem could be to 
calculate a joint average weight and assign this to every item documented. By collecting 
sufficient amounts of data regarding not only the numbers of items found, but also their 
corresponding weight, an average weight can be ascribed to every marine debris item. 
 
The yearly input of debris into the oceans is estimated to around 6.4 million tonnes. These 
estimations are, however, not accredited to any specific source and caution needs to be taken 
when dealing with these numbers. The size and variation of the world’s oceans are vast and it 
is of great difficulty to obtain average figures regarding the marine debris characteristics. 
Even though there are great difficulties in investigating the exact amount of debris in the 
oceans, studies agree upon where the trend is headed; the marine debris issue is a constantly 
escalating problem. The pace at which new plastic is getting dumped in our oceans is far from 
decreasing, and the plastics already in the oceans have a very slow degradation process, 
leading to an accumulation of plastic in our oceans. For instance, studies have shown a 
doubling in the amount of debris around the United Kingdom’s coast between the years 1994 
and 1998 (Allsopp, o.a. 2005). 
 
 

7.4 Marine debris removal  
 
Concerning the removal of larger marine debris objects, there are a number of recognized 
methods being used today. Larger objects are usually found in rivers on their way to oceans, 
or in bays, coastlines and shorelines. In rivers so called trash racks or gross pollutant traps can 
be installed, to collect the debris and stop it from reaching the ocean. A number of these have 
been installed in the Torrens River flowing into Gulf St Vincent in Adelaide, Australia, where 
more than 1800 tonnes of debris were recovered during a two-year period. There are several 
types of these installations, however one common model is constructed of numerous flat 
metal rods placed very close to each other, letting the water run through while still catching 
most of the larger debris (Peters and Flaherty 2011).  
 
If the debris does in fact reach oceans, there are methods to prevent it from leaving the 
coastlines. A large amount of debris gathers naturally in certain areas within bays or 
coastlines. To prevent these debris from reaching further out in the ocean, so called trash 
skimmers can be installed. Strategically placed, these apparatuses catch the debris and then 
needs to be emptied by hand (AMEC Earth & Environmental, Inc. 2011). In areas where these 
cannot be installed, due to e.g. absence of docks or piers, modified oil skimmers can be driven 
in areas plagued by floating debris to collect it (Project Kaisei 2014).  
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As the debris reaches further out in the ocean and decomposes into smaller parts, the 
difficulty in collection increases. The most commonly used technique to this day for 
collection of these tiny pieces of polymers is by dragging big manta trawls after ships. Since 
polymeric micro debris occurs everywhere in the world’s oceans, this is not a very efficient 
method. However, the most efficient way to make use of this method is to execute the 
collections in the oceans’ gyres where a large amount of the debris ends up. A gyre is a 
system of rotating currents in the ocean, leading to a natural destination for marine debris. 
There are five major gyres in the word’s oceans. Since it takes a long times for the debris to 
reach this far out in the ocean, most of it has already photo degraded into individual polymers, 
smaller than most oceanic life. This requires manta trawls with very fine mesh, and as a direct 
consequence, most living organism where the trawls are being dragged get caught as well. It 
is practically impossible to completely clean all the world’s oceans from plastic marine debris 
with today’s techniques. This not only due to the damage it would cause on marine life, but 
also due to the enormous amount of water mass on earth, also taking into consideration the 
constant movement and adding of debris (Vice 2008).  
 
Recent research done by a Dutch engineering student has resulted in a new possible technique 
of collecting the debris; a project called The Ocean Cleanup. With so called sea water 
processors, with a shape similar to manta rays equipped with long booms instead of nets, the 
idea is to cover larger areas without harming marine life. Taking advantaged of the 
movements in the oceans, the sea water processors would be static, attached to the seabed. 
They would also be self-sufficient of energy, using the sun, waves and currents as energy 
sources. The researchers claim it would be possible to clean the world’s oceans completely 
from plastic marine debris in just five years time with the help of 24 of the processors placed 
in v-shapes in each of the world’s gyres, while at the same time making a financial profit by 
selling the plastic to be recycled (The Ocean Cleanup n.d.). 
 
However, the sea water processors are not yet available on the market, and they have met a lot 
of criticism from recognized organizations working on marine debris and reduction of 
polymer pollution, such as The 5 Gyres Institute and The National Oceanic and Atmospheric 
Administration (NOAA) (Wilson 2013). The 5 Gyres Institute claims that the time frame 
given for the clean-up is unreliable since there are no scientific estimations on how much 
plastic marine debris there actually is and since the processors do not reach far enough below 
the surface to be able to collect all debris. Furthermore, they claim that the world’s water 
mass is too big, covering 70% of the earth’s surface, to be cleaned completely by the 
processors. The oceans possess great forces, which means that the processors would have to 
withstand storms and other strains during the cleanup process (Wilson 2013).  
 
In addition, the plastic collected would not be suitable for recycling, neither from a chemical 
nor a financial point of view. Firstly, since natural forces such as sunlight and wind have 
broken down the polymers, their quality has been remarkably impaired, making the recycling 
of these materials less profitable. Additionally, each and every one of these tiny pieces of 
plastic would have to be spectroscopically analyzed to separate them by type, which is 
extremely expensive. The institute is also skeptical of the statement that no plankton would 
get caught, seeing that plankton is an organism moving through waters by the help of streams, 
without any ability to control the course itself. Furthermore, the fact that oceanic life would 
most likely use the processors as habitat, and thereby impair their capacity, as well as the 
difficulty to anchor the processors to the seabed in the middle of the ocean are arguments why 
this is not a sustainable solution. The only solution to completely remove all plastic marine 
debris, according to The 5 Gyres Institute, is rather by collecting it on land (Wilson 2013).  
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7.5 Incineration of plastic marine debris 
 
By using the mean bond enthalpies of different types of plastic, it is possible to calculate the 
probable energy yield obtained by incineration. The calculations have been done on four of 
the five most common polymers found in the ocean, shown in table 8. Due to the difficulties 
of converting marine debris items into weight, the four most common types of plastic are 
estimated to be of equal weight share. Further, the energy content of plastic marine debris will 
be based on a common mean value of the four types of plastics, also shown in table 8. PVC is 
excluded from the calculations since it usually contains a large amount of additives, making it 
hard to do reliable approximations on regarding the energy content. Looking at the small 
fraction of PVC marine debris as well as the fact that it has lower energy content than other 
types of plastics makes it insignificant in the calculations (Stockholmsregionens avfallsråd 
2007). The energy content of low- and high-density polyethylene (LDPE and HDPE, 
respectively) is equal. Even though the polymeric chains in marine debris have been 
shortened due to natural forces, it is reasonable to roughly equate the energy content to that of 
virgin plastic (Höglund 2014).  
 
Considering that marine debris approximately consists of 60 – 80% plastic, the amount of 
energy possible to recover from one tonne of collected marine debris can be estimated using 
the mean value energy content to 20 – 26 GJ. The average price of electricity trading on the 
power exchange Nord Pool Spot between 2010 and 2012 was SEK 0.601/kWh 
(Energimyndigheten 2013), which would give an economic gain of SEK 3,000 – 4,000/tonne 
collected marine debris. 
 
 

Table 8. Energy content in common marine debris polymers 
Type of plastic Energy content [kJ/g] 

Polypropylene (PP) 42.78 
Polyethylene (PE) 42.85 

Polyethylene terephtalate (PET) 17.04 
Polystyrene (PS) 29.61 

Mean value 33.07 
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8. Microwave pyrolysis  
 
The use of microwave pyrolysis as process for material recovery of marine debris was 
investigated. The following paragraphs present a description of the process and the results of 
the experiments, which are later further discussed. This data should not be considered a 
definitive representation of microwave pyrolysis’ ability in plastic treatment, but as a 
concrete supplement to other research used in this report as well as an illustration of the 
problem through the eyes of the authors. 
 
 

8.1 Pyrolysis 
 
Pyrolysis is a thermochemical process, taking place at high temperatures, where organic 
chemical compounds, usually solids, are decomposed into new products in the absence of 
oxygen. The process results in three products; char, oil and gas. Many factors such as 
operating temperature, device set-up, temperature, heating rate, microwave absorber and 
composition of the reacting polymer all have an impact on the reaction’s outcome and 
depending on these factors, the end products’ properties and concentrations may vary 
(Mokhtar, et al., 2012).  
 
The industrial use of the char obtained from pyrolysis involves mainly fuels for boilers to be 
converted into pellets, either directly or by mixing with other polymers, and as feedstock for 
the production of nanofilaments and the process to obtain hydrogen rich gas by gasification. 
The oil produced in a pyrolysis process, which is a mixture of numerous organic compounds, 
can for instance be used as combustion and transportation fuel, for power generation and for 
production of chemicals. The gas consists primarily of combustible gases such as H2, CO, 
C2H2, CH4, C2H4 and C2H6 but can also contain lower concentrations of CO2 and pollutants 
such as SO2 and NOX. This gas can be used in several energy applications, e.g. in gas turbines 
and gas engines used for electricity generation. In comparison to combustion, another 
thermochemical conversion process, the pyrolysis process offers a more effective energy 
production while at the same time resulting in less pollution and reduced operating expenses 
(Fernández, et al.).  
 
 

8.2 Microwave heating 
 
Electromagnetic waves with wavelengths between 0.001 and 1 meters, which correspond to 
frequencies between 300 and 0.3 GHz, are defined as microwaves. Microwaves, as all 
electromagnetic waves, consist of electric and magnetic field components. A material can 
interact with these fields in one of three different ways, and is generally categorized with 
respect to this interaction. A material which microwaves pass through without any losses is 
called an insulator; a material through which the microwaves cannot penetrate, and are instead 
reflected, is called a conductor, and those materials that absorb microwave radiation are called 
absorbers or dielectrics (Fernández, et al.).  
 
In a conventional heating process the heat is transferred from the surface of the material to the 
center by conduction, convection and radiation. For a reaction to occur in a conventional 
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heating process, it is necessary that the furnace reach the required material temperature. In a 
microwave heating process however, the material is penetrated by microwaves, and heat is 
generated by the transfer of electromagnetic energy to thermal energy within the material. 
This results in an opposite heat distribution, compared to the conventional process. In this 
process, the temperature of the material is higher than that of the surrounding (Fernández, et 
al.).  
 
There are a number of advantages with microwave heating compared to conventional 
processes including higher efficiency, better control of the heat distribution in the polymer, 
reduced processing time and equipment size (Mokhtar, et al., 2012). Even though electrical 
power is required for the reaction to take place, the laboratory-scaled equipment of today can 
provide efficiency for conversion of electrical energy to heat up to 80-85% (Ludlow-Palafox 
and Chase n.d.). The unique heating distribution that microwave heating provides allows for 
an enhanced production quality, new end products and processes that cannot be carried out by 
conventional heating methods (Fernández, et al.).  

 
 
 
8.3 Microwave pyrolysis of polymers 
 
The microwave pyrolysis process for treating polymers was initially developed by Tech-En 
Ltd in Hainault, UK. In microwave pyrolysis, the hydrocarbons of a polymer are converted 
into gaseous, liquid and solid fuels by thermal degradation. The method makes it possible to 
treat plastic materials containing more than one polymer or a polymer material with various 
laminates (e.g. aluminum laminates), which are often difficult to separate and therefore not 
recyclable (Fernández, et al.). These materials, such as packaging for food, beverage and 
toothpaste, are common findings in municipal solid waste and they usually end up as landfill. 
With microwave pyrolysis, it is possible to remove very fragile materials such as these 
aluminum coatings from polymers. Not only does this lead to a possibility to increase the 
amount of recycled polymers, but it also provides a way to recover other materials than the 
polymers itself (Ludlow-Palafox and Chase n.d.). It has also been shown that the oil obtained 
from microwave pyrolysis contains a lower amount of hazardous compounds such as 
polycyclic aromatic hydrocarbons, which are classified as human carcinogens (Mokhtar, et 
al., 2012). 
 
Polymers have a very high transparency to microwaves, meaning that their ability to absorb 
microwaves is poor. Hence, it is necessary to use a so-called absorbent to be able to reach the 
temperatures needed for pyrolysis to take place (Fernández, et al.). Materials containing coal 
or carbon, metals or metal oxides are some of the materials that can be used as absorbents 
(Undri, et al. n.d.). When exposed to microwaves, the absorbent can reach temperatures up to 
1000°C within a few minutes and energy is transferred to the plastic by conduction 
(Fernández, et al.) (Ludlow-Palafox and Chase n.d.). Microwave pyrolysis provides for 
several advantages in comparison to conventional waste treatment, as listed below 
(Fernández, et al.) (Jones, et al. 2001). 
 

• Large reduction in waste volume 
• Ability to heat materials quickly, thus reducing processing time 
• Capability to reach higher temperatures in the materials and to control the heating 

process 
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• Ability to treat wastes in situ, with small-scale portable equipment 
• Possibility to process many waste products 
• Capability to adjust the processing setting to obtain different end products 
• Cost effectiveness 

 
Even though microwave pyrolysis can be an effective technique for waste treatment, it is not 
used on an industrial scale today, due to lack of data regarding various materials’ dielectric 
properties, leading to the inability to design energy efficient equipment. However, the 
development of this technique on a bigger scale than laboratory is possible, although some 
problems have been encountered, such as the difficulty to disperse the microwaves in large-
scale equipment. Thanks to the many advantages that microwave pyrolysis provides, it is 
nevertheless an attractive subject to develop (Jones, et al. 2001) (Doucet, et al. 2012). 
 
 

8.4 Gas Chromatography 
 
Gas chromatography (GC) was used to analyze the oil obtained in the microwave pyrolysis. 
To facilitate the understanding of various procedures presented, an explanation of the 
processes occurring in a gas chromatograph follows.  
 
Gas chromatography is used to separate and analyze volatile components of a mixture. A 
small sample of the mixture is injected in the gas chromatograph, which is set to a 
temperature higher than the boiling point of the components. Because of the high temperature, 
the mixture evaporates into gas phase inside the injector. A so-called carrier gas is used to 
push the gaseous components into a GC column, where the different components are 
separated from each other (Wake Forest University n.d.). This carrier gas must be chemically 
inert and gases that are commonly used are nitrogen, helium, argon and carbon dioxide 
(Sheffield Hallam University n.d.). After being separated, the components reach a flame 
ionization detector (FID). Due to the difference in retention time for the components, they 
will reach the detector at different moments. The FID measures the concentration of the 
different components in the gas stream, which results in a peak diagram, where different 
peaks correspond to different components, and the areas of the peaks are proportional to the 
number of molecules in the sample (Wake Forest University n.d.).  
 
 

8.5 Microwave pyrolysis of polystyrene 
 
In a microwave pyrolysis process, it is possible to use the final products of all three phases, as 
before mentioned. However, from a material recovery point of view, it is preferable to 
optimize the yield of certain products. The main purpose of microwave pyrolysis of 
polystyrene is to optimize the yield of styrene, found in the liquid phase, why it is essential to 
maximize the production of oil in the microwave pyrolysis. The worldwide consumption of 
styrene was 26 million tonnes in 2008, and two thirds of the produced material was used to 
produce polystyrene (Kemikalieinspektionen 2010). However not the most common type of 
plastic found in marine debris, polystyrene is found in many disposable products. The styrene 
obtained in microwave pyrolysis can be sold as a chemical for production of new polystyrene 
materials (Leclerc 2014).  
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Thanks to the possibility of treating waste on site with microwave pyrolysis, the collected 
marine debris could be decomposed into oil, gas and char in a small-scale unit closely situated 
to the port where the marine debris is first transported once collected. By treating the 
collected marine debris close to the collection point, unnecessary transportation of larger 
amount of waste could be avoided since the microwave pyrolysis process reduces the volume 
of the material. Less transportation could lead to both financial and environmental savings.  
 
The results from the analysis of oil obtained in microwave pyrolysis are presented in table 9. 
The table presents all substances found in the oil, the amount of each one and the time at 
which they were combusted. Due to the calibration and settings of the equipment, valid data 
for the amount of styrene was only available in the samples diluted to a concentration of 
1/100, whereas the amount of by-products was only available in the samples diluted to a 
concentration of 1/10. In the following paragraphs, properties and settings found in table 1 
will be discussed in combination with the results presented in table 9. 
 

Table 9. Microwave pyrolysis of polystyrene results 
Substance Benzene Toluene Ethyl benzene Styrene 

 
 

Sample name 
and dilution 

Time 
[min] 

Amount 
[wt%] 

Time 
[min] 

Amount 
[wt%] 

Time 
[min] 

Amount 
[wt%] 

Time 
[min] 

Amount 
[wt%] 

PS#1/10 5.98 0.1 6.86 1.2 8.1 0.2 11.31 - 
PS#1/100 5.99 - 6.86 - 8.1 - 11.31 71.7 
PS#2/10 6.00 0.1 6.88 1.7 7.84 0.1 11.38 - 
PS#2/100 5.99 - 6.88 - 8.14 - 11.37 84.4 
PS#3/10 5.98 0.1 6.86 1.2 8.09 0.1 11.31 - 
PS#3/100 5.97 - 6.85 - 8.09 - 11.3 75.0 
PS#4/10 6.00 0.1 6.88 1.5 7.93 0.1 11.37 - 
PS#4/100 5.99 - 6.88 - 8.12 - 11.36 47.3 
PS#5/10 5.97 0.2 6.85 1.7 8.08 0.3 11.3 - 
PS#5/100 5.97 - 6.85 - 8.08 - 11.29 75.6 
PS#6/10 5.87 0.1 6.68 0.8 7.82 0.1 10.83 - 
PS#6/100 0 - 6.68 - 7.8 - 10.82 35.8 
PS#7/10 5.86 0.1 6.68 0.9 7.82 0.1 10.81 - 
PS#7/100 0 - 6.68 - 0 - 10.82 18.7 
PS#8/10 5.86 0.1 6.67 1.0 7.81 0.2 10.82 - 
PS#8/100 5.85 - 6.67 - 0 - 10.81 28.0 
PS#9/10 5.85 0.6 6.67 1.6 7.81 0.2 10.82 - 
PS#9/100 0 - 6.67 - 0 - 10.81 34.1 

 
 
The sample with the highest ratio of liquid phase, PS#7, is one of the samples treated with the 
highest output powers. Looking at the ratio of liquid phases throughout the samples, there is a 
consistent decrease of liquid phase ratio with a decrease in output power, except for in one 
sample, PS#1. Hence it is possible to assume that a lower output power leads to a decrease of 
liquid phase. The samples with the highest and lowest cooling temperatures, PS#2 and PS#5 
respectively, were among the lowest in liquid phase ratio. They were however exposed to the 
lowest output power. Comparing the cooling temperatures within the output power ranges 
(600, 840 and 1200 W) with the results in liquid phase ratio does not indicate a clear pattern. 
Neither does the ratio of absorbent used seem to have a big impact on liquid phase ratio. 
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However, an absorbent is necessary for the reaction to take place and studying the properties 
of table 1, it seems as though a higher amount of absorbent leads to a shorter reaction time. It 
is desirable to have a low reaction time to make the process more effective, although it is 
important to find equilibrium between minimal reaction time and maximal amount of styrene 
obtained.  
 
Looking at the ratio of styrene in the liquid phase, it is clear that a high liquid phase ratio does 
not directly equal a high amount of styrene. It seems as though the output power’s impact on 
ratio of styrene in the liquid phase is the opposite of its impact on ratio of liquid phase. It is 
possible to say that a lower output power leads to a higher yield of styrene in the liquid phase. 
Furthermore, the relation between amount of absorbent and polystyrene seem to have an 
impact on the outcome. The sample with the highest ratio of absorbent, PS#2, has the highest 
amount of styrene in the liquid phase while there is an overall decrease in styrene ratio with 
decreasing absorbent ratio. The cooling temperature does not seem to have a great impact on 
the styrene ratio, however it is important to provide the apparatus with a cooling device for 
compounds to condense to liquid phase.   
 
Seen to the amount of styrene actually possible to obtain from these samples, as shown in 
table 10, it in implied that the absorbent is one of the most important factors for an increased 
yield of styrene. Nevertheless, since the highest output power led to a high yield of liquid 
phase while the lowest output power gave a high fraction of styrene in the liquid phase, it is 
important to find an output power that leads to equilibrium between the two. There is not yet 
an adequate amount of research on microwave pyrolysis and there is no consensus on why 
experiments performed by different researchers have different outcomes (Lam and Chase 
2012).   
 
 

Table 10. Amount of styrene obtained per gram of polystyrene 

Sample name Amount of styrene  
[g/g polystyrene] 

PS#1 0.504 
PS#2 0.648 
PS#3 0.645 
PS#4 0.183 
PS#5 0.306 
PS#6 0.322 
PS#7 0.169 
PS#8 0.252 
PS#9 0.307 
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The average market price for styrene between January and March 2014 was SEK 
12,650/tonne (ICIS 2014). The results presented in table 10 show that a gain of at least 0.648 
grams of styrene per gram of polystyrene is possible. Because of the difficulties in converting 
plastic marine debris items into weight, large approximations regarding the weight is needed. 
As with the case of incineration, the ratio 60 – 80% plastic in marine debris is used, and the 
four most common plastic types are estimated to be of equal weight share. This leads to an 
estimated economical gain of SEK 1200 – 1600 for one tonne of collected marine debris.  

It has also been shown that it is possible to recover a small amount of styrene in microwave 
pyrolysis of other common marine debris polymers. In PVC, 0.46% of the solid phase was 
composed of styrene while the compound was found in 3.43% of the liquid phase from PET 
(Undri, et al. n.d.). Using the maximal gain of liquid phase from pyrolysis of PVC and PET, 
shown in table 11, would slightly increase the economic gain from styrene obtained from one 
tonne of plastic marine debris. Consideration has been given to the maximal gain of liquid 
phase from each polymer, neglecting the fact that different output powers and output ratios 
have been used.  

Table 11. Microwave pyrolysis results of various polymers (Undri, et al. n.d.) 

Polymer Absorbent 
ratio [%] 

Output 
power [W] 

Reaction 
time [min] 

Liquid 
phase [%] 

Gaseous 
phase [%] 

Solid 
phase [%] 

HDPE 200 1800-3000 33 42.49 44.98 12.09 
HDPE 50 3000 75 0.4 83.92 15.68 
HDPE 200 1200-6000 265 35.52 45.83 18.65 

PP 200 1800-3000 39 35.29 54.00 10.72 
PP 50 3000 68 15.89 70.82 13.29 

PVC 200 1800-3000 71 53.16 17.70 29.14 
PVC 100 1800-3000 47 13.92 10.25 75.83 
PVC 50 3000 21 14.69 3.44 81.87 
PET 250 1800-3000 40 38.20 35.32 26.48 
PET 420 1200-3000 207 48.29 26.34 31.99 

  
 
Due to the similar boiling points of the different compounds in the liquid phase of 
polystyrene, it is difficult to separate the styrene from other products. However, research has 
shown that it is possible to re-polymerize the liquid phase directly, without purifying it, if the 
styrene concentration is high. The other compounds could act as chain transfer agents, thus 
lowering the molecular weight and properties of the re-produced polymer (Achilias, et al. 
2007). This would most likely lead to a decrease in market value of the compound, in 
comparison to pure styrene. In addition, the liquid compounds described above were products 
of microwave pyrolysis of solely polystyrene. In microwave pyrolysis of marine debris the 
concentration of styrene in the liquid phase would be lower while the range of different bi-
products would be wider. Furthermore, microwave pyrolysis end products needed for re-
production of other polymers such as PP, PE and PVC are found in the gaseous phase 
(propylene, ethylene and vinyl chloride, respectively) and are therefore more difficult to 
separate and handle (Höglund 2014). It would consequently be difficult to make an 
economical profit on material recycling of other monomers than possibly styrene.  
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9. Discussion 
 
The composition and quantity of marine debris as well as its potential economic value has in 
this report been estimated through fieldwork and report studies. However, there are great 
simplifications and approximations made, which need to be discussed in order to understand 
the accuracy of the obtained results. Furthermore, many aspects play a part in evaluating a 
potential economic value from the marine debris, aspects that often require individual 
approximations to be made, leading to an even greater uncertainty in the final results. Due to 
the scale and complexity surrounding the task of a thorough identification of the amount and 
composition of marine debris, it is difficult to give a correct conclusion regarding the 
potential economic profitability.  
 
Instead of degrading biologically, plastic degrades by the sun, waves and wind into smaller 
fragments. The biological degradation process is slower for marine debris as compared to land 
based, due to the lower temperatures and shortage of oxygen in the marine environment. 
However, it might be guessed that the mechanical degradation process has a higher effect on 
the plastic in the oceans due to strong currents and waves. As a result, it may perhaps be 
concluded that the energy content (and thus economic value) of floating marine debris is less 
than that of the marine debris located on shorelines. In addition, it should be mentioned that 
the micro particles of plastic absorb chemicals, which in turn get eaten by fish and might 
eventually end up in human bodies through the nutrition chain. Thus, while they are not being 
discussed here, there are potential, additional long-term economic benefits to cleaning up the 
oceans connected to human health.  
 
Cleanups work as a great tool for documenting marine debris thanks to their comprehensive 
and accessible nature. However, there is a downside regarding this simplicity. While the 
scientists can use the data collected through the coastal cleanup activities, in some cases there 
is a lack of relevant information. Firstly, these cleanups rarely take weight or volume into 
consideration, and the most common way of documenting trash is through numbers. This 
leads to a great uncertainty regarding the physical properties of the debris. When calculating 
the economic profit associated with the marine debris, the quantity of trash is quite irrelevant. 
Instead, it is the volume and the weight that give an idea of the potential economic yield. The 
weight relates directly to the amount of energy or reusable material that can be yielded from 
the debris. The volume might simplify the collection process adding another relevant 
economic factor to the process. Scientists and cleanup organizations need to consider the level 
of simplicity associated with the documentation, and an adequate relation is necessary in 
order to reach a proper scientific significance while still engaging a sufficient amount of 
people.  
 
The composition of trash is another important and often neglected element in relation to the 
issue of documentation simplicity. To simplify the collection process, organizations usually 
have a number of different categories in which the debris is to be placed. The International 
Coastal Cleanup uses a number of sources to help organize the collected debris: shoreline and 
recreational activities, ocean/waterway activities, smoking-related activities, dumping 
activities and medical/personal hygiene. The reports show that these categories are fairly 
equally represented in the world, even though there are some clear differences. These 
differences should be taken into consideration when evaluating the economic profit related to 
the debris. For example, it can be presumed that debris within the category “Shoreline and 
Recreational Activities” contain more plastic products high in energy such as food wrappers, 
plastic disposable plates, cups and utensils, or plastic beach toys. Other categories such as 
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“Medical/Personal hygiene” and “Dumping activities” do not contain the same energy content 
within the material and might also pose difficulties due to more expensive material separation 
and collection processes etc.  
 
Knowing the source of marine debris is an important approach in which preventative 
measures can be implemented in order to stop the pollution at its origin. It also serves as an 
important documentation classification, which can be used to describe and record the types of 
marine debris collected for future research. However, in order to obtain a more thorough 
evaluation, the variations need to be more closely connected to smaller areas, preferably as 
countries or regions within countries. The culture and weather in Sweden do not for example 
allow the same type of recreational activities as in the southern European countries, which is 
why Europe as a continent is too inclusive to serve as one separate region. Furthermore, these 
sources are rarely sufficiently descriptive since this would result in a more complex and 
diffuse collection process, possibly leading to a decrease in debris collection. 
 
Table 2 shows the top-ten most common plastic marine debris. It has been estimated by 
adding the plastic containing categories from the International Coastal Cleanup reports from 
the years 2009 to 2012. However, due to the simplification of these sub-categories, it is quite 
difficult to accurately transform these numbers into a total weight since they may include a 
great variety of items with different physical properties. Furthermore, for some items, such as 
toys and construction materials, there are great difficulties in estimating the share of plastic. 
Some of the categories are more one-sided and could subsequently be assigned a weight more 
easily. By weighing a cap or a lid and then estimating all caps to fall under the same average 
weight, it would be possible to obtain a total mass. By examining the current production for 
every category, e.g. plastic bottles, an average size and weight could be obtained and then 
estimated to represent the average marine debris plastic bottle. These tasks were however too 
extensive to be carried out within the given time frame for the project. Nevertheless, only the 
top-ten plastic materials make up 53.1% of the total amount of marine debris, implying that a 
great share of the documented debris is in fact made out of plastic. It should be taken into 
consideration that cigarettes, which by far are the most common marine debris in the world, 
have been excluded from this list due to ambiguous characteristics. Thus, even though the 
share of plastic in some of the specific categories cannot be estimated, it is safe to conclude 
that through a quantitative perspective, plastic products make up the majority of the marine 
debris.   
 
From the fieldwork executed in five different countries and on four different continents, it is 
clear that the types of plastic products are in relation to where they are located. From studying 
the pictures taken in Indonesia, it can be concluded that the most common plastic debris item 
are different types of plastic food wrappers. For marine debris floating on the ocean surface, 
such as in the Jakarta Port, it can be suggested that a larger share of the debris is made out of 
plastic since plastic has a greater tendency to float compared to other materials such as metal 
and glass. This theory would be confirmed by studying the pictures taken in Jakarta, since the 
vast majority is made out of plastic. However, it should not be forgotten that only around 30% 
of the plastic marine debris floats, implying that the ocean floor as well as the water column 
consist of an even higher concentration of debris. The total share of plastic might therefore 
differ depending on where the debris is located, and e.g. the debris located on the ocean floor 
might consist of a higher share of glass or metal. These differences should be taken into 
account when discussing the potential economic gain, since the economic yield is obtained 
most commonly through energy or material recovery from plastic.  
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The majority of the coastal debris in Wrightsville Beach, NC was related to recreational 
activities. It can also be concluded that the great majority of the debris was made out of 
plastic. In Stora Grindö, Sweden, the composition of coastal debris had its origin from fishing 
activities but also private construction or restoring projects from summer vacationers. The 
recreational activities on the archipelago shorelines differ depending on the type of coastline. 
A large part of the island’s coastlines consists of cliffs and rocks, and the litter has more likely 
traveled to the bays from other locations. In Ilha Grande, Brazil, a smaller plastic share was 
estimated mainly due to high concentrations in brick tiles, perhaps originating from different 
construction projects. Also the shoreline documented in Valparaíso shows a smaller plastic 
share, partly due to a high concentration of metallic objects that might have originated from 
the railroad track or the shipping containers in the harbor. The Valparaíso port is a busy trade 
area where people work, in contrast to the other shorelines where debris mainly originated 
from recreational activities.  
 
If these differences in the marine debris composition were put in relation to the marine debris 
sources from the International Coastal Cleanup reports, both the shorelines of Wrightsville 
and Ilha Grande would be characterized as mainly “Shoreline and recreational activities”, the 
shoreline of Stora Grindö would be characterized as mainly “Ocean/Waterway”, and the 
Valparaíso port would be characterized as partly “Ocean/Waterway” but also “Smoking-
related activities”, demonstrating the significance and applicability of these sources. 
However, even though the debris from the different shorelines might originate mostly from 
one particular source, several sources can be represented simultaneously. Due to the 
significant differences regarding the marine composition among different shorelines, it is of 
high importance to evaluate the most economically justified locations when collecting marine 
debris for profit, keeping the type of plastic and its quantity in mind.  
 
However, some common features were to be noticed among the different fieldwork locations; 
the high share of plastic products was clear in every location, stretching from 64.6% to 86.3% 
with a mean value of 76.1% and a large number of these products were of disposable type 
such as beverage bottles or food wrappers. Even though this data was obtained through 
shoreline fieldwork, it can be estimated to represent the overall plastic marine debris share, 
since marine debris located on shorelines often ends up in the ocean and vice versa.  
 
The fieldwork shorelines were also chosen at random and can in reality represent neither the 
plastic composition of the related continent nor of the related country. Furthermore, only four 
shorelines were documented analytically, indicating that individual irregularities add a higher 
uncertainty to the data compared to if a greater amount of shorelines were to be documented. 
However, since the shorelines were chosen at random, at different geographical locations and 
included different types of coastlines (archipelago, islands, mainland beaches and urban 
shorelines), a diversity component is added to the research. This increases the accuracy of the 
results in terms of a truthful representation of the rest of the world’s shorelines. It should be 
kept in mind that the reliability of these results would have been much higher if the fieldwork 
had been executed multiple times during a longer period at each sampling location. However, 
with the time frame of the project in mind, neither of these discussed improvements could in 
reality be carried out. Nevertheless, the data obtained can be used as an indication of the total 
plastic share as well as of regional marine debris differences as long as a high level of care is 
paid to the estimations. 
 
Estimating the amount of plastic debris in our oceans solely through these types of fieldwork 
and coastal cleanups is very difficult, and little research has been carried out related to this 
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issue. Mainly local estimations have been made, and even though there are a few estimations 
regarding the total weight of the floating marine debris, none can be valued to be completely 
credible due to the lack of research done on this matter. From the estimated numbers of 
13,000 – 18,000 items per square kilometers an approximation of a total of 4 – 4.5 trillion 
floating plastic items in the world’s oceans can be obtained. This evaluation is not only 
extremely uncertain, it also lacks the key information: the weight. As mentioned above, there 
is yet no method of transforming quantity into weight, which makes it impossible to evaluate 
the possible economic yield from plastic debris. However, by locating the areas where the 
concentration of floating marine debris is the highest, such as for example the garbage 
patches, an optimization of economic profit can be made. Furthermore, this approximation 
excludes shoreline and ocean floor debris, and the total amount of marine debris is therefore 
much higher.  
 
The great problem with converting number of items into a corresponding weight brings 
serious difficulties to the documentation process of the marine debris in the form of inaccurate 
approximations. By either improving the collection methods during coastal cleanups and other 
related events so that either weight or volume properties are included or by analytically 
devising a number-to-weight conversion technique, more accurate and compatible estimations 
could be obtained. It is therefore of high relevance to address these issues in order to 
successfully develop future technical solutions. Furthermore, future research could be made 
more economically achievable if a joint average weight were to be adequately estimated, 
since this would result in a greatly simplified documentation processes. Without an average 
weight, time would need to be spent on either a more inclusive collection process or a longer 
compilation process, resulting in higher expenditures.  
 
The collection methods are not taken much into account in this report, since no successful 
technique has yet been developed. However, it might be safely guessed that the costs for 
collecting the debris would vary depending on where the debris is situated due to different 
types of challenges. Furthermore, debris located in remote places such as on the ocean floor 
will cause great difficulties regarding the collection process which will likely result in higher 
expenditures. Likewise, it could be guessed that there are not as high environmental 
incentives to collect the debris located on the ocean floor, since it does not harm animals in 
the same way as the debris floating in the water column, on the surface or situated on the 
shorelines. Since the marine debris found on the ocean floor would not get ingested by fish to 
the same extent as other debris and consequently not become a part of the nutrition chain with 
the risk of endangering human health, it is of even greater economic disinterest to be 
collected. From an environmental perspective it would therefore be more justified to collect 
the marine debris from the ocean surface or shorelines, and not from the ocean floor. 
However, the majority of plastic marine debris is found either in the water column or the 
ocean floor, and if an economically justified collection method would be developed in the 
future, there might be great economic potential in these parts of the oceans.  
 
Even though this report aims to evaluate the potential for economic profit that can be gained 
as a result of this issue, it is of high relevance to mention the long-term correlation between 
economic costs and environmental damages. Without actions taken to solve the marine debris 
problem regardless of the short-term potential economic value, the consequences of this issue 
will result in enormous future economic losses due to the disastrous environmental 
consequences that are threatening the shorelines and oceans in terms of damages on the 
marine life as well as recreation-related damages. It takes an extremely long time for plastic 
marine debris to degrade, which can be seen in figure 2, meaning that it will more or less 
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continue to poison the oceans until it is cleaned up, no matter what the economic incentives 
might be. Furthermore, as humans postpone the collection, the plastic material is constantly 
ground into smaller and smaller pieces by photo degradation as well as mechanical 
degradation, making it harder and more expensive to collect.     
 
Despite the many uncertainties regarding marine debris, it is known that plastic is the most 
common debris found in the oceans. However, plastic is a versatile material and the most 
efficient method for economic profit depends highly on its qualities. Not all types of plastics 
can be recycled. Depending on the time in the ocean and the mechanical and photodegradable 
damages applied on the material, the plastic might be suitable for different recoverery 
methods. It is also important to identify the difference between thermosetting plastic and 
thermoplastic. For example, thermosetting plastics are most commonly put in landfills after 
use, and when recycled only suitable for fiber filling. This suggests that the thermosetting 
plastic found in the oceans will not degrade in the same way as the thermoplastic. However, 
the economic profit of recycling plastic into low property plastic is questionable. Recycling 
plastic is expensive, and to use plastic collected from oceans for these purposes carries 
additional complexities. 
 
Due to economic incentives and technical shortcomings in many waste management systems 
around the world, the majority of plastic waste is not used in the most economically efficient 
way. Plastic that ends up in landfills only with a concealing and storing purpose lacks 
economic value. Through a shift in perspective of used plastic from useless waste to 
profitable resource, the waste management system could gain both economic and 
environmental benefit. Unfortunately, many factors such as wealth and social norms 
determine the proficiency of the waste management system. As long as economically justified 
technology exists for extracting energy from plastic waste, social patterns play a lesser part in 
affecting the system. However, when economic incentives are lacking and the energy 
recovery process is of environmental or sanitation purpose, individual and social values and 
norms play a great part in affecting the waste management system’s condition.  
 
Even though both financially and environmentally viable treatments of plastic marine debris 
would be developed, they are no solution to the problem as long as the waste remains in the 
oceans. Since it is very difficult and costly to clean the oceans from marine debris today, 
according to specialists in the area, it is of great importance that more research be done on 
new techniques. However, it is of equal importance that solutions such as the sea water 
processors, that have been proven not to satisfy the goal of removing all marine debris, do not 
remain unquestioned in mass media. In general, easy fix solutions are quite appealing, 
particularly when based only on new technology without affecting the individual way of 
living. Therefore, solutions like the sea water processors, when presented in media without 
opposition, may lead to the common acceptance of continuing with business as usual, in this 
case considering consumption patterns. Although important to continue the search for 
sustainable techniques to remove marine debris, suitable for the great mass of water and 
without causing harm on marine life, it is of even greater importance to prevent waste from 
reaching the oceans in the very first place, which is a complex problem and requires a direct 
change in people’s way of living.   
 
Since plastic marine debris is exposed to photo degradation, conventional material recycling 
would lead to new materials of far less quality, and thus a decreased financial value. Seeing 
that the quality has been so extensively impaired, it is questionable if it is even possible to 
make an economical profit from conventionally recycling the material. An additional 
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consequence of the photo degradation is the necessity of sorting the plastic by type, as is 
essential for conventional material recycling. Since this can be very expensive, particularly 
when dealing with such small plastic fragments, conventional methods for material recycling 
are not an option for plastic marine debris.  
 
By incineration of plastic marine debris, on the other hand, the difficulties and costs of sorting 
the plastic by type would be removed. Furthermore, the photo degradation of the plastic 
would not have a greater impact on the outcome of incineration since the energy content is 
maintained. By using the composition of marine debris estimated in this report, one tonne of 
plastic marine debris is calculated to hold approximately 20 – 26 GJ, with an estimated value 
of SEK 3,000 – 4,000/tonne on the world’s largest market for electrical energy. However, to 
obtain the actual net value of one tonne of plastic marine debris used for incineration, it is 
important to take into account the expenses regarding collection of the debris and the 
treatment procedure, such as costs for equipment, labor, transportation etc.  
 
Due to lack of scientific methods to convert a number of plastic marine debris items to a 
corresponding weight, the calculations leading to these numbers are rough estimations. To 
estimate the energy content of plastic marine debris, each of the most common plastic types 
where approximated to be of equal weight share, contributing to significant errors in the 
results, but currently there exists no other valid method of doing these calculations.  
 
Incineration facilities are already being used for plastic waste other than marine debris, hence 
the labor in the facilities would not increase significantly if marine debris were to be added, 
while microwave pyrolysis on the other hand is not yet developed on an industrial scale. This, 
in combination with the issues of using mixed plastic in microwave pyrolysis for material 
recycling, as well as the extra labor and finances needed to separate them, speak for an 
advantage for incineration. However, incineration of polymers leads to a yield of greenhouse 
gases, primarily carbon dioxide. To reduce the environmental impact from incineration, 
different methods and equipment will also increase the cost of the procedure, thus decreasing 
the net value of the obtained energy. 
 
Since microwave pyrolysis as waste treatment is a rather unexplored area, lacking a lot of data 
important to optimize the performance, there are not yet extensive results on how different 
properties impact the outcome of microwave pyrolysis of different types of polymers. It is 
important to find the optimal polymer-to-absorbent ratio and settings of equipment to reach 
the desired results. In addition, results from the tests executed in this report regarding the 
different apparatus set-up and their impact on the final products are clear evidence that more 
research is necessary. More samples need to be tested, with variations concerning settings 
such as cooling temperature, type and ratio of absorbent, output power etc. Since the 
properties of different polymers differ from one another, it is evident that extensive research 
is necessary on several materials so that microwave pyrolysis on polymers can be used as 
efficiently as possible.  
 
When using microwave pyrolysis as a material recycling method of marine debris, the photo 
degradation’s chemical impact on the material does not lower the quality of end products 
since breaking down the polymers is the purpose of the process. Neither is it necessary to sort 
the plastic by type for the process to function. However, due to the need to separate the 
different end products before using them for production of new materials, the use of mixed 
materials causes difficulties later in the process. Hence one of the issues found in 
conventional recycling still remains when using microwave pyrolysis for material recycling 
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instead. In this report, the ability to recover styrene from polystyrene was thoroughly 
investigated, showing that it is possible to obtain a yield of styrene from polystyrene of at 
least around 60 wt%, see table 9. The presence of small amounts of other compounds in the 
oil would lower the financial value of the material, but not make it useless. Supposing the 
styrene from one tonne of plastic marine debris is separated from other compounds, it would 
hold an estimated financial value of SEK 1200 – 1600 on the European styrene market. 
Considering the work and financial means necessary to collect and treat one tonne of marine 
debris, including e.g. equipment and labor both on collection sites and in treatment facilities, 
as well as the transportation of the collected debris and the end products implies that a 
possible maximal gain of SEK 1600 per tonne collected debris is not financially justifiable.  
 
However, when referring to these numbers it is important to remember that great estimations 
have been done during these calculations too, as well as the ones regarding incineration. To 
be able to estimate the economical profit possible to obtain from microwave pyrolysis of one 
tonne of marine debris, the weight of polystyrene in one tonne had to be estimated. Since 
there is no scientific method of doing so, as before mentioned, the weight of different types of 
plastic were merely approximated to be of equal share. Hence, the plastic found in one tonne 
of marine debris is estimated to contain 25 wt% polystyrene. The estimations made causes 
many errors leading to a reduced credibility of the results, however they can be seen as valid 
guideposts in the matter considering no other legitimate methods exist.  
 
There are other compounds possible to recover from microwave pyrolysis of polymers, such 
as propylene, ethylene and vinyl chloride from polypropylene, polyethylene and polyvinyl 
chloride respectively. However, since these compounds are found in the gaseous phase, they 
are more difficult to handle and separate. The presence of other compounds in the liquid 
phase when using mixed materials instead of pure polystyrene, also decreases the purity and 
the value of the styrene. It is debatable whether it is justifiable in terms of resources to use 
microwave pyrolysis as a material recovery procedure of marine debris seeing that only about 
8 wt% of the material would be possible to recover. However, microwave pyrolysis holds 
environmental advantages in comparison to incineration, since the process itself does not lead 
to greenhouse gas emissions. With the use of renewable sources of energy for the process, it 
could be a zero emission process. Furthermore, using end products provided from microwave 
pyrolysis to create new polymeric materials would lead to a reuse of already extracted 
petroleum and thus decrease the demand for new petroleum.  
 
It is important to recognize that the calculations regarding the financial value of plastic marine 
debris use a variety of assumptions, thus the final values are only mere approximations. 
Furthermore, the estimations are done disregarding the fact that a great share of plastic marine 
debris sink to the ocean floor, and are therefore even more difficult to collect. Still, seen to the 
financial value of the end products alone, conventional material recycling is not an option for 
plastic marine debris. The economical gain from the styrene obtained from microwave 
pyrolysis is significantly less than that of the energy yielded from incineration. Other end 
products could give a greater economical value to the microwave pyrolysis process; however, 
the difficulty to separate various end products leads to an increase in time, energy and 
financial resources to be spent on the process. Due to the difficulties of material separation in 
microwave pyrolysis and the fact that incineration potentially gives a greater economical gain, 
incinerations is to be seen as the most economically profitable treatment of plastic marine 
debris, out of the three methods compared in this report.  
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Even though microwave pyrolysis is a more environmentally friendly process of treating 
plastic marine debris in comparison to incineration, the financial gains are the main focus of 
this report. To justify the greenhouse gas emissions from incineration of plastic marine debris, 
it is further essential to analyze the environmental impact of the emissions in comparison to 
the environmental damage that plastic marine debris cause on oceanic life if not collected. 
Furthermore, in this report consideration is not given to the cost of collection of marine 
debris, however, the cost for collecting the debris would be identical regardless of the 
treatment following the collection procedure. It is also of great importance to consider the 
consequences of not removing the debris at all, not only from an economical point of view but 
also from an environmental perspective. Neither is the cost of maintenance of facilities nor 
the cost of labor or transportation taken into consideration, factors that may vary depending 
on the chosen treatment process.  
  
In spite of the difficulties with microwave pyrolysis as a material recovery process presented 
in this report, it can be a more environmentally friendly process than incineration, depending 
on the energy source. One of the aims of this report was to investigate microwave pyrolysis as 
a method for material recovery of plastic marine debris; yet, used for other purposes the 
process might be economically profitable in comparison to incineration. That is, however, 
beyond the scope of this report’s aim and will therefore not be further investigated and 
discussed.  
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10. Conclusions 
 
The marine debris problem is a severe global issue which complexity derives from a lack of 
geographical and political borders as well as adequate technology and economic incentives.  
This report aimed to evaluate the plastic marine debris characteristics in terms of composition 
and amount as well as to discuss the economic potential from marine debris through 
conventional material recycling, incineration for the purpose of electricity generation and 
microwave pyrolysis as material recycling. There is currently a persistent demand of 
knowledge regarding the marine debris issue due to deficient documentation over the last 
decades, and crucial information such as the quantity and composition of plastic marine debris 
are yet to be correctly determined. An actual number of the quantity of the total plastic marine 
debris was however estimated to 4 – 4.5 trillion items, excluding debris on shorelines and the 
ocean floor. A majority of the plastic marine debris falls to the ocean floor, implying that the 
total number is many times higher.  
 
It was concluded that a greater share of plastic debris is located on the ocean surface, but that 
a higher quantity of marine debris in general is located in the ocean column and on the ocean 
floor. Furthermore, the marine debris composition differs depending on location, which was 
confirmed through the fieldwork. By adapting the collection technique and locations to these 
differences an optimization can be obtained regarding the economic profit. The total share of 
plastic debris differed depended on the evaluation method, but a general ratio of 64.6 % – 
86.3% could be confirmed through data collected through fieldwork. Furthermore, the most 
common plastic types were determined to be PP, LDPE and PET. Evidently, the theoretical 
economic profit solely based on these numbers could be estimated to be of great value due to 
the high quantity of plastic marine debris in the oceans. In order to obtain a more realistic 
value regarding the possible economic profit, the energy and material recovery techniques 
were evaluated.  
 
The potential to treat plastic marine debris with conventional material recycling, incineration 
and microwave pyrolysis for material recovery and its possible financial profit was 
investigated based on the quantity and composition previously estimated in the report. It is 
concluded that photo degradation of plastic marine debris leads to difficulties in separation of 
materials as well as decrease in chemical properties of them. Hence, the material is not suited 
for conventional material recycling. With microwave pyrolysis as a material recovery process 
on the other hand, the weakening of polymer does not impose on the result. However, the 
difficulties of separation are an issue in this process as well where a mixture of materials 
makes it difficult to recover valuable end products. With incineration, the process and 
outcome is not affected by the photo degradation, nor is there any extensive separation 
process involved. Further, the energy obtained from incineration holds a considerably greater 
economical value than the compounds possible to recover from microwave pyrolysis, 
estimated to SEK 5,000 – 6,000. It is, however, important to notice that more research is 
necessary on microwave pyrolysis to optimize the outcome of the process.  
 
However, it is only the potential value of end products obtained in the different procedures 
that is being discussed in numbers whereas little consideration is given to other expenses such 
as collection, transportation and labor. Even though a direct final economic value is difficult 
to obtain, it can be concluded that there is in fact economic potential in energy recovery of 
marine debris. Nonetheless, more research has to be done in order to arrive at a clear final 
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profit. Another factor worth considering is the environmental aspects. One of the aims of this 
report was to discuss the potential economic values of the marine debris issue. It is however 
important to acknowledge the future environmental economic costs this issue can bring if not 
addressed. While incineration presents the best current solution, it cannot alone be seen as a 
solution to the massive global issue of marine debris, since there are currently no technologies 
harmless for marine life and effective enough for collecting the marine debris. It is essential to 
prevent trash from reaching watercourses and oceans. Further, by adding economic incentives 
to the marine debris such as through energy or material recovery, the development of new 
removal techniques can be encouraged. 
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