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Abstract 

The main objective of this project is to understand and present the big picture of the 
global plastic waste problem and to identify related innovation opportunities. The project 
focuses on the current situation as for February to May 2020 and has a very wide scope focusing 
mainly on plastic reuse. The goal is to present final recommendations and follow-up actions to 
serve as orientation or inspiration for further researchers, organizations, entrepreneurs or any 
interested readers. The recommendations are drawn from a deep research and understanding of 
the current situation and near future of the huge problem that supposes plastic, which sums up 
to over 8.300 million tons generated since 1950, out of which 91% has not been recycled yet 
and that takes around 500 years in average to decompose naturally. 

 Such research carried out includes over 130 consulted sources, a Boolean search 
through the IIT Library online portal to identify researchers’ interest, and the deployment of a 
Survey with over 120 participants from different nationalities for social awareness evaluation. 
Throughout the project, special focus was set on the identified 3 steps within plastic reuse and 
a forth driving force; Collection, Separation, Conversion and Social Awareness.  

From this thorough research, the extracted results and the acquired expertise on the 
matter, trends and challenges for innovation were identified to serve as basis for the 
development of the final innovative recommendations and follow-up actions; outputs of the 
project itself.  
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Extended Abstract / Executive Summary 

In order to be able to develop and present such valuable recommendations, a thorough 
research was carried out by consulting literature and online sources mainly. This enabled a 
mapping of the whole picture presented in the Background, from the plastic’s market and 
particularities, to waste management worldwide and recycling facts amongst other useful 
inputs that served to gain knowledge on the matter. This map was created by focusing and 
digging into plastics in general, waste generated, waste recycled and current situation and 
impacts of the plastic waste issue. Results show impressive figures of mismanagement of 
plastic waste and pollution at a global scale, including international waste shipping contributing 
enormously to waste accumulation in less developed countries’ landfills, open dumps and 
beaches. 

Research was done by looking into the current situation and state of the art solutions in 
each one of the 3 steps involved in plastic reuse; Collection, Separation and Conversion. To 
most effectively compare the findings, based on the acquired knowledge through the consulted 
literature an own evaluation method was developed based on the existing spider chart 
comparison, making it easier to identify opportunities. This method was designed and thought 
of only for the purpose of this project, accordingly, the characteristics that were looked at and 
ranked under own criteria are the following: 

Variety Input variety of type of waste 
Cost Overall associated costs 
Quality Process meets expectations and output is valuable 
Friendly Environmentally and health friendly 
Use Global presence level 
Independence Level of need to rely on other steps or processes 

Firstly, Collection research presented a wide variety of solutions and services for waste 
collection, focused mainly on household waste. Some of the identified and analyzed were 
curbside collection, drop-off, buy-back centers or waste pickers, who are common in less 
developed regions. The findings showed the following spider chart-based comparison as 
results. 

 
Figure 1: Collection spider chart comparison 
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In addition, some existing innovative solutions tackling different areas of collection 
were identified, some based on increasing efficiency and reducing costs of collection such as 
Enevo, and others with higher social component such as The Ocean Cleanup, working on 
collecting plastic waste from the oceans, or Wecyclers. This last one presents a very interesting 
solution for less developed regions as it provides jobs, contributes to higher quality of life and 
ensures better waste management all through a simple and cheap solution. 

Main conclusions drawn from this first reuse step are that the existing methods are 
mostly useful and work effectively, if applied and done correctly. Also, there is a clear need 
for increasing the use at a global scale of such techniques while improving the quality and 
friendliness of the service. There is currently too much waste failing to be collected, so 
innovation in this side is vital. This includes solutions for household waste, urban and rural 
areas and also collection methods for open dumped waste found in nature for example. 

 On another note, research on the Separation side of the process presented the clear 
complexity of this step. The variety of sorting machines and techniques is very broad, some of 
the ones looked at in the report are; manual (most common), optical, magnetic, flotation and 
others, however there are more specific ones and they can all be looked at in higher levels of 
detail. 

 
Figure 2: Separation spider chart comparison 
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In the third place, the Conversion or reuse of plastic waste has two main possibilities; 
mechanical recycling or waste to energy solutions. The first one is widely used quite effectively 
and its nature is clear and simple, while waste to energy solutions can vary significantly 
depending on the waste source or implemented technique. A general comparison between the 
both general trends is presented below. 

 
Figure 3: Conversion spider chart comparison 
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CO2 emissions or renewable energies and is growing at a slow pace. This is also indicative of 
the potential increase in awareness and implication of society in general. 

As conclusions, such increase is crucial to reach success of innovation and best 
practices in the other steps of plastic reuse. With no social implication, technology and 
innovative solutions will be of no use. This is to be addressed through strategic and balanced 
Political, Economic, Social and Technological (PEST) solutions. 

Overall, plastic reuse is a complex topic where the social side plays an important role, 
both in the problem and the solution. From this side, as mentioned, there is currently a general 
lack of awareness and the interest in the topic is growing constantly but not fast enough, in part 
due to the complexity of the problem and the difficulty to achieve useful and valuable hard-
data. 

Finally, having conducted the mentioned research and obtained the presented results 
and conclusions, some recommendations and follow-up actions are included in the project as 
main output to serve as support for all the shared information and to drive interest and give 
direction to future researchers and people interested. Such recommendations are varied and 
touch upon all steps in the reuse wheel. 

Some worth highlighting due to its potential impact, accessibility and social 
responsibility are: 

1. Put extra effort and resources in the research of ways to process mix plastics, both 
for mechanical recycling as raw material for manufacturing and for WtE solutions or 
other reuse applications. 

2. Creation of a worldwide platform for hard-data gathering and to serve as food for 
awareness and innovation globally. 

3. Implementation of local micro-hubs per neighborhood or community to ensure best 
waste management practices are met within the possibilities of every region while 
promoting local businesses and providing jobs and higher quality of life to neighbors. 

4. Incentivize reuse and recycling through increase of social concern and awareness 
whilst providing innovative ways to act at individual or corporate levels. Example can 
be promoting bulk buying and personal reusable recipients at homes to reduce plastic 
packaging production. 

5. General follow-up and updating of this report for further detailed and realistic 
solutions and best identification of opportunities. 

6. Support and promote affordable and responsible collection solutions for poorly 
managed areas. 

These are only some of the recommendations included, and there are obviously many 
other ways or possible steps towards a brighter future in plastic reuse. As a whole, there has to 
be more effort put on the topic in many levels, and only through social implication and 
education of all the population will the expected and desired progress be made.



  1 

1. Preface 

The motivation for this report comes basically from a combination of my experiences, 
interests and studies; my engineering degree and technical education together with my creative 
nature and my concern for the respect of the environment and desire of reaching a sustainable 
and respectful society sometime soon. 

Since I was a kid, I have enjoyed both studying and challenges, that is why, when after 
enjoying my school years, when I had to choose my undergraduate degree, I decided to study 
the BSc in Industrial Technologies Engineering at the Institut Quimic de Sarrià (IQS) in 
Barcelona.  There, I worked hard and had the chance to study at the University of San Diego 
(USD) for a semester in order to learn more and expand my views, it was one of the most 
enriching experiences of my life. Throughout my studies I have been able to learn to look at 
things in a very different way through the acquisition of analytical, technical and 
comprehensive skills amongst others. On top of that, while studying at IQS I also took the 
opportunity of being a summer intern at Rücker-Lypsa, engineering partner in the automotive 
sector focused on the design and development of car parts. 

Once I finished my degree and after dedicating a couple months to enlarge my personal 
projects and travel, I started my MSc in Industrial Technologies Engineering at the Polytechnic 
University of Catalonia (UPC – ETSEIB) which I combined with an internship as an innovation 
consultant at Bax & Company. During this experience I explored not only the technical and 
engineering aspects but also business and management topics, all related to innovation, 
sustainability, progress and science. It was my first experience in this field more focused on 
management which I really enjoyed and believe suits me best for the future. There I had the 
chance of being in touch with topics such as circular economy, urban mobility and logistics, 
on-demand economy, business strategy and many more. 

Accordingly, through my industrial engineering bachelor and current master’s degree, 
I have learned technical aspects and hard skills and have been given the opportunity to pursue 
this research project, which I am very grateful of. On the other hand, whilst working at Bax & 
Company my interest in sustainability and innovation grew bigger day after day, acting as a 
crucial factor when deciding on the topic for the thesis. It is from these experiences where I get 
my motivation for carrying out a thorough research project where to combine and put to work 
all the hard skills and knowledge I have been gathering throughout the years. 

However, my passions are not limited to engineering and technology, I also am 
passionate about music, art and design. In these fields I try to stay involved in several projects 
while pursuing my engineering studies and related professional experience. In addition, 
entrepreneurship has always attracted me, and I have actually experienced it in first and second 
hand; through Fundrawings, working and collaborating with new companies and startups and 
being raised in a mainly entrepreneur environment (father, brother, girlfriend…). Innovation 
and design are topics that have been constantly fed during my lifelong interests and 
experiences, and therefore, while wondering on the exact topic for the research they appeared 
as non-arguable main topics. 

Also, as mentioned before, travelling and exploring new cultures and ways of life is 
something I really like and have luckily been able to do. Through these trips and curiosity that 
drives me, I have learned about situations and inequality between countries and societies, 
which I really think is something everyone should have in mind while carrying out daily tasks, 
and most importantly while innovating. Also, the current situation of our planet concerns me 
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in many ways, and through trips, work experience and personal research and interests I have 
been more and more drawn into the topic. As a result, the social aspect has been an important 
pillar both deciding the project scope and for the project’s outcomes. 

Therefore, first innovation and sustainability appeared as the basis for the topic of 
research. Derived from that and my general interests, the first ideas that crossed my mind were 
related with product design and recycling, oriented towards social improvement and respect. 
From there, after several meetings and emails with Dr. Donatas Tijunelis, the final idea was 
shaped; The research focus was going to be set on plastics reuse and determining or presenting 
potential innovations. 

The final topic selected is the result of combining my interests and learnings together 
with Don’s career and knowledge on plastics. He actually mentioned he somehow feels guilty 
for some of the developments made in the plastic industry and is now focusing on 
sustainability. I was amazed by these words, they supposed the ultimate motivation for the 
decision and scope of this project, which has been carried out under his supervision and 
throughout constant discussion. 

In conclusion, the nature of this project is the will to search for new ways of handling 
plastics, enhancing its recycling and reuse, mapping and sharing the current situation, raising 
social awareness and proposing follow up actions for all those who might be interested and 
those who are not. “A study of plastic reuse innovation” is, in my opinion, a way to combine 
my creative approach, together with technical aspects, innovation and social concerns all in 
one to somehow contribute and create an impact. 
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2. Introduction 

Plastics reuse and recycling is a widely talked about issue in today’s society, and 
recycling, sustainability, social responsibility, etc. are all over the news. Accordingly, the topic 
is of an extremely vast scope and the problem or solution can be looked at from unlimited 
points of view or focus areas. From the focus on a particular type of plastic and the technologies 
for its recyclability down to the atomic level, to the global carbon or water footprint caused by 
the whole automotive-industry-related plastic for instance; there are many ways of looking into 
the current situation and providing potential innovations to be further developed, looked into 
or taken into consideration. 

First of all, an initial clarification on the research title ought to be done. There is a clear 
differentiation between recycling and reusing. According to the Merriam-Webster dictionary 
recycling is “the act of passing again through a series of changes or treatments, or to prepare 
for reuse” (amongst other definitions). On the other hand, reuse is specifically: “to use again 
especially in a different way or after reclaiming or reprocessing”. This affirmation presents the 
point taken for this project, where reuse was the word chosen for a better description of the 
actual situation and insights looked at and presented throughout. Recycling is considered to be 
a way of reusing, or a path towards reuse, whilst reuse englobes recycling and other actions 
where no actual process or changes are involved in the lifetime expansion of a certain plastic 
product through its repetitive use or application shift, which indeed is of our interest. 

Following with the project’s title analysis, the innovation part comes to stage. This 
represents the final goal of the research itself, which is mainly to propose recommendations on 
the studied topic of reuse of plastics, drawn and thought of through a deep research and 
understanding of the current situation and near future. The objective is therefore to develop 
and present to the reader valuable and innovative recommendations. 

It is important to mention that, while carrying out a project of this type, being it at an 
academic, personal or corporate level, if the focus is set on the present and only past insights 
are taken into account, the outputs will probably be out of date once the project is finished or 
published. Therefore, there is an important inclination towards the future and innovation 
throughout this project in order to try and present recommendations and follow-up actions that 
can be studied in further detail and actually implemented with the desired consequences in the 
near, or not so near, future. If researchers and scientists don’t look for the long run, solutions 
and situations are usually flawed in some way that sees the light after years of social uptake, 
once the changes are hard to introduce due to commodity, fear of change and social education 
barriers amongst others. A clear example is plastics and the petrochemical industry for 
instance. 

In all, the aim of this research project is to present a clear understanding on the current 
situation and from it, extract potential innovations and recommendations for the upcoming 
future towards an increase of plastics reuse and consequently a responsible and 
environmentally friendly society. For that, and as mentioned previously in this section, a more 
detailed scope has to be set to be able to dig deeper and provide useful outputs in the end rather 
than tackling the whole picture directly, from which broad and inaccurate solutions, which 
usually are of no use, may be obtained. 
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The approach of the thesis is not merely scientific 
or technologic, in fact, what should exist in all innovation 
project, its nature is based on a cross-disciplinary focus. 
This concept will be represented by three inspiration 
pillars (Technological, Economic and Social) which will 
be commonly referred to throughout the project, as well 
as the term PEST (political, economic, social and 
technological). These pillars are conceived as supports for 
stability, like three legs of a stool, where the lack of one 
of them results in the collapse of the structure or 
impossibility to stand its own weight even. It is important 
to consider these three pillars while developing new ideas 
and concepts in order to achieve balanced solutions and 
recommendations, which as stated is the ultimate 
objective of this project.  

Towards this set goal, it is important to begin by dissecting and differentiating between 
types of plastics and analyzing them in order to gain knowledge on the matter and be able to 
drive the project’s focus towards the desired, identified areas of interest. As an initial approach 
done through conversations and personal concerns and interests, the focus will start with plastic 
mainly used for packaging. It is important, however, to include a short description on why this 
is a desired approach, which will therefore ignore plastics in other sectors such as construction, 
clothing or automotive for instance. On top of that, an analysis of the 7 different plastic groups 
used in packaging will be done for further narrowing of the scope if necessary. Exact 
description on how will these steps be carried out will be presented in the next section, 
nonetheless, characteristics evaluated will surely include plastic density, quantity, 
recyclability, associated costs amongst others. 

It is important to mention too, not only the scope and project focus, but also the actual 
project outputs. These potential innovations will also be thoroughly looked at, analyzed and 
compared between them to achieve the best possible recommendations for the project’s focus. 
In order to do so, different methodologies for comparison and classification will be either 
created or identified and put to use. Initially thought of, these will evaluate aspects such as 
potential impact (social, economic…), feasibility, scalability, TRLs… Again, the exact 
methodologies’ description and details will be included in the Methodology section. 
Furthermore, an evaluation of how the recommendations will possibly affect the plastic 
classification mentioned in the previous paragraph will be included in the project’s results too. 

The study is divided in several sections, each one developed to answer certain questions 
or present information needed for the completion of the project itself. Firstly, the Methodology 
presents a clear explanation to the reader of the tasks and paths followed towards certain 
outputs or results and how will the whole project be carried out. This section will include 
accurate description of complex methods used in analysis and comparison of particular steps 
in the project and will explain how the project has been done from beginning to end. 

On the other hand, the Background section will serve both the reader and the author to 
understand the situation and gain knowledge in order to know where to stand and how to move 
around when presenting the results, conclusions and recommendations. It is a vital part of the 
project as it serves as basis for all the possible creative and innovative aspects linked with the 
study, and also, as stated, to provide understanding for further reader appreciation and general 
validation of the outputs. 

Figure 4: Project inspiration pillars 
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As the name quite accurately states, the Results and Discussion section will present the 
results of the analysis and evaluation of everything presented in the Background towards a 
position in which the author wants to be in order to be able to further present the 
recommendations with good basis and back-up. This section includes all the work carried out 
by the author in the steps towards the recommendations’ presentation and creation. Here, 
particular analysis, classification and comparison methods, thoroughly described in the 
Methodology and previously mentioned in this section, will be used to correctly assess and 
serve as focus for the recommendations presented in the following section. 

Conclusions and Recommendations is the aforementioned section. Here the 
conclusions will be presented to the reader through a deep analysis and interiorization of the 
previous section, which will lead to the actual recommendations. The identified potential 
innovation targets will be presented followed by and supported by the recommendations, which 
are the desired outputs of the research project itself. In the first place there will be a reasoned 
description of each of the proposed follow-up actions, where aspects such as feasibility, social 
and economic impact and other features will be taken into consideration. For best 
understanding, part of the recommendations or descriptions will be included in appendixes. 
Again, the used methodologies will be more correctly presented and described in the 
Methodology. 

To conclude, the References section will consist of an organized recompilation of all 
the sources used or consulted throughout the entire project as well as motivational content, 
which is not particularly referred to in this document, but has served as trigger for the outcome 
of this study.  Lastly, the Appendix will include some documents, graphs or articles of interest 
that may be cited in the project or have been useful for its completion. 
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3. Methodology 

According to the scope and description of the project, its execution is mostly based on 
desk research, mainly conducted through online search engines as well as accessing reports 
and existing projects’ informative papers, rather than more specific research being carried out 
in other lab-driven projects or narrow or extreme focused theses. 

Comparing, the scope of this research project is a more wide and general approach, and 
therefore basic knowledge of technical and other specific aspects that may rise from the desk 
research is not actually needed to go into detail with, it just needs to be mentioned and bore in 
mind whilst developing the recommendations and innovation proposals during the project. As 
a result, and as mentioned, most of the research in the project is desk research from identified 
sources such as articles, publications, websites, surveys, experts and other possible options that 
together contribute in the developing of a deep understanding of the situation and mapping of 
the background for the present project. All of the sources consulted are presented in the 
References section near the end of the thesis or in the last section, the Appendix. 

Due to the nature of the project, both quantitative and qualitative aspects must be 
considered. In order to do so, tools such as Excel and similar software are used to correctly 
assess and study both the findings and the developed data which may include quantitative 
measurements and forecasting, which is of crucial importance in the project due to the 
emphasis on the future and potential innovation. This is very important to bear in mind because 
all innovations or actions carried out in the present must be done looking into the future to 
make sure the impact in the long-run is what should be and is not harming or damaging the 
environment, people, world, economy or other. 

As for the actual project development, the first steps consist on carrying out the stated 
research, gathering together as much information as considered to be needed to understand the 
background situation. This information will be then mapped and presented for post-analysis 
and further development as part of the actual project process towards the potential innovations’ 
determination; set objectives of the project itself. From the complete picture and understanding 
of the problem, specific focus on the plastic reuse cycle will be set to be looked at in the 
research section from different sides. Therefore, it is crucial to have an initial analysis carried 
out to be able to decide where to set the focus for further detailing and the project efforts. All 
this will contribute to enable identification of challenges, opportunities and consequently, 
potential innovations, recommendations and follow-up actions. 

To do so, a detail-rich analysis and comparison of the different steps in the cycle will 
be done to determine where innovation has an important role in the near future and developing 
from that, the subsequent steps in the project. 

As mentioned previously, the research parts of the project include different topics. Most 
importantly it looks at the different steps in the recycling process, from waste generation to the 
final reuse or disposal of the product. These steps will be looked into and a deep analysis of 
the current situation and State of the Art (SotA) solutions will be presented and compared to 
identify shortages and potential innovation opportunities. To carry out this comparison, a 
Spider chart-based own methodology has been developed, looking into and evaluating 7 
different points considered internally to be important in the matter. By using the existing 
procedure of spider chart comparison and based on the acquired knowledge throughought the 
deep research carried out, an own evaluation method has been defined. Each point, presented 
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below, will give information on the process or technology and will help understanding the 
global picture. 

Variety 
Input variety of type of waste, level of acceptance or range of products 
accepted in the system or process. Mixed waste, previously sorted, 
specific use with pure input material… 

Cost 
Overall associated costs. Combination of user and service provider 
costs, such as initial investment or installation costs, service fees and 
other. 

Quality 
Output is valuable and meets expectations (rich purity levels from 
separation processes for example). Machine, service or process is 
efficient, ability to function correctly and provide what expected. 

Friendly 
Environmental and health friendly, harmful effects are low, the service 
or process is clean, silent and non-polluting. 

Use 
Global presence level. Actual level of widespread use of the solution, 
globally. Whether it is used by a minority or widely used.  

Independence 
Possibility to function without the need to rely on other steps or 
processes, both previous or post. 

These characteristics are given a punctuation of 0-5 being 5 the maximum, under own 
judgement and criteria from expertise and knowledge obtained throughout the research and 
development of this project. As stated, the outcome is a visually aided comparison amongst 
existing methods in each step, to incentivize and more easily identify innovation opportunities 
and challenges for follow-up actions, both being looked at in this thesis or for future readers. 
Furthermore, it will be an indicator including technological, sociological and economic factors 
and therefore will serve as guidance as to which are the most appropriate to look into and have 
in mind while developing the final project output; the potential innovations.  

In addition, for the best understanding of the current situation not only from a pure 
technical or process-related side, a specific section will be included. The research in this 
section, looking for the awareness, will be carried out through two different methodologies.  

In one hand, a Survey will be presented to gain knowledge on social awareness, 
openness and potential implication on the topic. 23 specifically designed questions will be 
shared with the target population in search for deeper comprehension on the matter, to be used 
in the identification of potential innovations, existing barriers and as possible support for the 
conclusions. The survey is targeted mainly to adults living in developed countries, with high-
level education and from mid or high-income families. Due to obvious reasons, there is a big 
percentage of participation coming from Spanish citizens, nonetheless, the goal is to gather 
some answers from different countries too, to enhance comparability and potential impact. As 
a fact, people from countries such as the US, UK and Uruguay are expected to participate. The 
aforementioned survey is available in the appendix at the end of this report for consultation 
and analysis, including all the output data and charts too. 

On the other hand, a Library Research will be carried out through the IIT Gavin 
Library portal. The aim of this action is to develop a picture or understanding of the concern 
for the topic in matter, not from a social point of view (looked at through the survey) but from 
a scientific or research side. Through this, the data on number of publications or related articles 
on specific topics or including key words will be tabulated and presented to draw the apparent 
R&D effort and interest in the topic as well as identifying major trends.  
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To achieve expected results, Boolean searches will be done through the data basis of 
the library by using key words relevant to the topic, and combination of such to find more 
detailed data. These words will include: plastic, waste, management, pollution, collection, 
separation, conversion, energy, recycling and more. For the matter, Web of Science database 
will be used through a basic search in the keywords, abstract and titles from articles, papers 
and reports published. Through the tabulation and graphing of the results, comparison will be 
possible, both amongst different key words searched and other paths too. These paths will 
include an over-the-years comparison to identify trends in one hand, and comparing the current 
issue to other trending topics worldwide in the other.  

Results, together with exact the searches deployed, are included in the appendix for 
validation, observation and referral throughout the results and discussions section. And finally, 
based on all the research carried out and acquired knowledge, the conclusions and 
recommendations will be presented as own criteria and vision on the topic, presenting in an 
organized way the findings made throughout the project. 
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4. Background 

4.1 Plastics Overview 

Plastic has been a widely, ever-increasing used material due to its amazing properties 
and manufacturing benefits. Its lightweight reality and shaping ease together with its resistance 
and durability make it hard to compare to other materials. As a result, since the first fully 
synthetic plastic was invented (Bakelite) in 1907 by Leo Baekeland (Science History Institute, 
2020), the applications have grown at an incredibly fast pace, and so has the market itself. The 
plastic global market has positioned, in just over a century, as a crucially important player in 
the global economy as a whole with a market size recently valued at USD 568,7 billion, and 
poised to grow at a CAGR of 3,5% until 2027, according to the increase of uses seen over the 
years in a wide and getting wider range of industries (Grand View Research, 2020). This, 
compared to a long time player such as the metal market for instance (used as one of the main 
materials by human kind since 1500 BC and earlier), represents an impressive and quick uptake 
by society in general as the global metal market size was valued at only USD 265,0 billion 
in 2018, less than a 50% of the current plastic market size (Grand View Research, 2020). 
Again, these facts reveal the actual benefits that plastics present and the human reliability on 
the presented material, which can even bring a sense of fear regarding its power. 

Typically considered as a wide range of synthetic or semi-synthetic materials made 
from organic prime materials such as crude oil, coal or cellulose, plastics are currently the 
number 1 material of choice when it comes to manufacturing throughout the world, no matter 
the culture, location or technology levels. They are made through a polymerization process in 
which the exact properties can be modified and adjusted both during the process or even after 
the manufacturing in order to achieve the desired properties or even better, combination of 
them. Plastics provide human-kind with an impressive range of applications due to this high 
customization and increasingly useful properties which have meet the needs and demands for 
the evolving society in general. Characteristics such as light-weight, waterproof, versatility, 
thermal and electrical insulation or resistance to corrosion are just a few examples of why they 
are such an important pillar in many industries these days (Plastics Europe, 2020).  

According to several studies of the current situation and market share, plastics are being 
widely used in sectors such as construction, automotive, packaging and electronics amongst 
others. The final use and manufacturing related issues and perks result in the market share 
being currently led by packaging followed by construction, however, these account “only” for 
just over the 50% of the global use of plastics according to a recent study (Grand View 
Research, 2020). Accordingly, and as mentioned, plastics are being used for uncountable 
applications, some shown in the following chart while other more specific or marginal ones 
can’t be easily pointed out, as an average human is in contact with over 94 plastic-made 
products daily, and the thing is that most of them have a natural decomposition period of up to 
500 years, so they will be here long after their users are gone. 
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Figure 5: Global plastics market share by application (%) 2019 (Grand View Research, 
2020) 

It is important to mention the fact that, although plastics have uncountable uses in 
nowadays’ society, there are some industries that simply use a lot of plastics whilst others use 
a lot of plastics whilst generating a lot of plastic waste too. As for the amount of plastic being 
produced every year, numbers showed in 2015 an incredible total amount of over 350 million 
tones, which came as a result of an increase over the years describing an exponential growth 
up to the current situation (Ritchie, H., Roser, M., 2020), which is continuing to grow. 

 

Figure 6: Global plastics production measured in metric tons per year from 1950 to 2015. 
(Ritchie, H., Roser, M., 2020) & (Geyer et al. 2017) 

From all of this plastic being produced annually, which according to studies being 
carried out and current situation analysis is actually bigger now, the industry distribution 
presented numbers such as the ones shown in the following graph back in 2015. 
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Figure 7: Plastic production by industrial sector allocation in tons per year. (Ritchie, H., 
Roser, M., 2020) & (Geyer et al. 2017) 

Having said this, the actual comparison between industrial sectors can lead to some 
conclusions which should be looked into. It is true that more and more plastic products are 
being made every year, but a clear distinction has to be made between those industries based 
on a single-use or short lifespan of the products such as the packaging sector, which is the 
highest application for plastics nowadays, and those products that present long lifespans, such 
as construction or automotive, where plastic products can be in use for over several decades 
before being considered as candidates for reuse or as actual waste. According to Our World in 
Data’s study, the lifetimes per sector are shown in the following graph as support for what was 
stated in this paragraph. 

 

Figure 8: Average plastic-based products lifetime in years. (Ritchie, H., Roser, M., 2020) & 
(Geyer et al. 2017) 
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Focusing therefore on the primary worldwide use of plastic, which is also the primary 
source of plastic waste; packaging, there has to be a qualification done in order to assess the 
problem and gain knowledge to be able to tackle it as it needs to. As stated previously plastics 
are a great fit for manufacturing because properties can be modified and adjusted to the 
manufacturers needs by combination of different types and additives. As a result, there are lots 
of variations of plastics being used for packaging purposes only. From all these, some can be 
combined when recycling, some cannot be even recycled, some cannot be combined…. 
Therefore, it is important to have a clear mapping or distinction to identify and organize the 
plastics’ origins and potential recyclability to be able to address the situation. 

As initial steps towards the final goal, a general approach or ranking of plastics within 
the packaging world has been commonly set. Plastics are categorized in 7 different groups 
depending on their nature, and each level from the 7 aforementioned has an associated level of 
recyclability and reusability. It is important to know while handling plastic if the material used 
is reusable or might produce hazardous material after several uses for example. That is exactly 
where this categorization falls into. Its aim is to correctly classify every plastic-based 
packaging product in order to, as mentioned, clarify the potential reuse, combinability, 
recycling and as a whole, the way to handle when considered waste.  

Presented as a general overview, the 7 types of plastics are presented in the following 
figure. Also, it is crucial to identify the general uses of each type and the recyclability potential 
associated.  

 

Figure 9: Types of Plastics (Waste Management Media Room, 2016) 

The images presented work as a simple approach towards the plastic from the 
packaging products, showing the types of plastics each type englobes, the common products 
that fall into each category and finally presenting the recyclability per group.  

As for the reusability of the plastics, which is a very important matter to take into 
account, according to Daniel Shmitt, associate professor of plastics engineering at the 
University of Massachusetts Lowell, the plastics more suitable for reuse are those who fall into 
recycling codes; 2, 4 and 5 (Tedesco, L., 2015). Usually this reusability standards are set having 
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in mind chemical leaching and are mainly related to human most common reuses such as food 
containers, which is a widely known use for packaging obviously. 

4.2 Waste Generated 

Humans are consumers in general, and with all consumption there is a waste generation 
attached, resulting in impressive amounts of waste generated per year. According to World 
Bank researchers, an average human being produces around 0,58 kg of plastic and other solid 
waste per day, resulting in over 3,5 million tons a day globally, which is actually an increase 
of over 10 times more than that presented a century ago, when plastic was initially introduced 
in our lives (Leahy, S,. 2018). This is a tricky fact which has to be looked at with the increase 
of the population side by side. Having said this, it is also important to mention that it is the US, 
Canada and the European Union that produce 34% of the world’s waste, whilst their 
population only adds up to a small 16% of the global population (Kaza, S. et al. 2018). 
Accordingly, the actual growth of population during the years has also contributed in the actual 
increase of the total waste generated in the planet every year. The population is 
approximately 4 times the population in the 1920s (Roser, M. 2014), which does not account 
for the times 10 increase in waste generation, but gives a “bit of hope”. Bearing in mind that 
the U.S is considered to be the biggest waste producer with around 250 million tons a 
year, close to 4,4 lb per capita a day (EPA, 2016). Considering the predictions that if no 
change towards reduction on consumption habits or increase in reusability the total global 
waste generation will go up to an alarming 11 million tons of solid waste per day (Van 
Lohuizen, K., 2017). The following graph, however, presents a surprising situation, whereas 
Municipal Solid Waste (MSW) generated continues to increase in America as stated, the MSW 
generated per capita is actually showing an initial decrease after years of steady increase. This 
also is a source of hope and indicative of the cultural shift being promoted more and more often 
by everyone, from leaders, to companies to neighbors. 

 

Figure 10: MSW generation in total and MSW per capita from 1960 to 2013 (EPA, 2016) 

Out of this waste being produced, it is important to identify the nature of the waste to 
further assess the situation. Several sources of information state that the amount of MSW 
considered to have been produced in 2013 in America was around 267,8 million tons, 
distributed across product nature as shown in the following chart (EPA, 2018).  
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Figure 11: Total MSW generated in America by material in 2017 (%) (EPA, 2018) 

It can therefore be seen that paper consists of the primary source of MSW in America, 
followed by yard trimmings and plastics in third position. These numbers reflect the situation 
7 years ago, and as seen previously, plastic production and consumption of plastic-based goods 
has been increasing over the years, which results most certainly in an increase on this 
percentage used as indicator. In fact, according to the Worldwatch Institute, an average person 
from the U.S or Europe actually uses 220 lb of plastics every year (Van Lohuizen, K., 
2017). Furthermore, paper, as well as yard trimmings, has a high recyclable factor which will 
be looked at into in the following sub-section. This fact presents the situation and importance 
to narrow down the focus on plastic waste mainly. 

As mentioned in the previous sub-section, it is of vital importance to differentiate 
between long-life plastics as those used in construction and building (average of 35 years 
lifetime use) opposed to those that present short lifetime uses like the packaging sector (average 
of 6 months lifetime use) (Ritchie, H., Roser, M., 2020). In the following chart a general 
overview of the actual plastic waste generation per sector is presented, stating the obvious 
problem of packaging being both the most produced and most waste-generating industrial 
sector within the plastics share of the global waste generation. Important to mention the current 
low reusability of packaging which most of the times is designed for single-use purposes 
opposed to the high reusability of the other sectors stated, which obviously contributes in the 
following figures. 

 

Figure 12: Plastic waste generation by industrial sector in tons per year. (Ritchie, H., Roser, 
M., 2020) & (Geyer et al. 2017) 
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In comparison, building and construction, which happened to be the second most 
common application for plastics, resulted to be located in the sixth position when looking into 
the plastic waste generated per year in 2015. These statements contribute to the fact that most 
part of the plastic waste being produced within the total MSW generation is related to 
packaging, where again, most of the production is being currently done for single-use purposes.  
The increasing importance of online stores, takeaways, deliveries and society’s consumerism 
as a whole are not helping in avoiding this situation. With a simple calculation combining 
previously mentioned numbers, it can be rounded to near 15 million tons of plastic waste are 
produced from packaging in America every year. 

Furthermore, more in depth analysis into the plastic manufacturing and packaging 
processes present extra information very much needed. Other than the actual packaging waste 
from used products, there is more plastic waste being created daily all over the world. 

 
4.3 Waste Recycled 

Knowing the amount of waste being generated throughout the world, the actual recycling of 
this generated waste is an important mater. As a fact, waste management itself had a global 
market size of USD 330,6 billion in 2017 and it is expected to go up to about USD 530,0 
billion by 2025 with a CAGR of 6,0% (Chinchane, A., Sumant, O., 2018). These values 
account for a combination of three types of waste; Municipal, Industrial and Hazardous, with 
a forecast shown in the following qualitative graph. 

 

 

Figure 13: Global waste management market size prediction (Chinchane, A. , Sumant, O., 
2019) 

The waste management market as a whole includes collection and disposal services, 
where recycling amongst other processes fall into. Collection mainly consists on collection, 
transportation, storage, handling and sorting, while disposal includes landfills, recycling, 
composting, anaerobic digestion and others. The whole market’s forecast is to grow in the 
upcoming years, but it is expected that the disposal services will gain more importance than 
the collection services. 
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As for the current and recent years’ situation, the municipal waste management has 
gained presence and will most certainly get bigger in the near future, as shown in the previous 
graph. However, it is known that the countries actually implementing waste management 
techniques or solutions are those that fall into the high-income group, whilst other under-
developed countries with lower levels of income experience very deficit, close to none, waste 
management. The following graph represents the distribution of disposal methods worldwide 
in 2016, separated by income level. The vast presence of open dump in the lowest groups is 
very easily seen, while as you move to the left part of the graph landfill methods gain 
importance, as well as other methods such as incineration and of course, recycling. This is 
proof that technology, investment, social awareness and education are crucial factors towards 
a better waste management environment. Of course, this also represents the big opportunity for 
waste management. According to this graph from Statista (2018), close to 50% of the global 
MSW is thrown away in open dumps. This is obviously a clear indicative that waste 
management is not playing a role in most of the MSW generated globally, without having 
looking at the landfills… As a whole, the sector is in great position to gain presence worldwide 
and is expected to do so over the coming years. 

 

Figure 14: Waste disposal methods per level of income countries, surveyed in 2016 (Statista, 
2018) 

Accordingly, whilst the EU targets through Plastic-2030 initiative requires member 
nations to reuse and recycle at least 60% of all plastic packing by 2030 and for household 
recycling rates to be 65% by 2035 (Allied Market Research, 2020), the top 5 recycling countries 
in the world list as follows, showing a percentage of total waste produced being recycled 
(Parker, T. 2019). However, the actual recycling processes should be looked into thoroughly 
as some sources consider recycling everything that is thrown into separate curb-side containers, 
whilst afterwards these can be used or dumped in several ways. 

1. Germany – 56,1% 

2. Austria – 53,8% 

3. South Korea – 53,7% 
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4. Wales – 52,2% 

5. Switzerland – 49,7% 

The top 5 countries are still far from the desired levels, but other countries such as the 
US, considered to be the highest waste generators worldwide, currently stand in a quite lower 
34-35% (Gray, A. 2017). Staying in the US, the actual recycling being carried out of the total 
MSW produced responds to the following share reflecting a total of 94,17 million tons a year 
(EPA, 2017). 

 

Figure 15: MSW recycling and composting in the US by material (%) (EPA, 2017) 

This graph clearly presents the situation where nowadays mostly paper and yard 
trimmings are being recycled/composed in the US, this is obviously due to their high 
recyclability and easiness to do so in comparison to plastics and rubber for example. Also, the 
separability done by the user is obviously easier and more convenient and no effort has to be 
put in the recycling process. This is a good situation considering everything stated in the 
previous sub-chapter, but as a matter of fact, the third source of generated MSW in America, 
plastics, presents a recycling percentage that must surely be looked at. 

While it is important to mention that recycling and reuse of plastics is increasing year 
after year, the described situation, together with the ever-increasing plastic production figures 
result in enormous amounts of plastics not being taken care of or managed. Observing the 
following figures, as the actual production of plastics increases over the years, even though the 
discarded plastic percentage has clearly gone down since 1980, the amount of plastic being 
discarded has not decreased. This is obvious if we compare the amount produced in 1980 (70 
million tons) vs that in 2015 (381 million tons). The discarded plastics, according to the Geyer 
et al. (2017) source, and looking only at the produced amount per year, has roughly increased 
from 70 million tons in 1980 to 210 million tons in 2015 (Ritchie, H., Roser, M., 2020). This, 
together with the exponential growth of cumulative plastics having been produced over the last 
decades shows a picture of the high values of globally discarded plastics nowadays.  
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Figure 16: Estimated global plastic waste by disposal method (%) (Ritchie, H., Roser, M., 
2020) & (Geyer et al. 2017) 

 

Figure 17: Cumulative global production of plastics in billion tons. (Ritchie, H., Roser, M., 
2020) & (Geyer et al. 2017) 

As presented in previous sub-sections, plastic is a widely used product, and most part 
of it is currently being designed and created for single-use purposes. This, combined with the 
lack of waste management in general, more concisely plastic waste management, results in 
excessive amounts of plastics being landfilled, discarded or that end up in the oceans. An 
interesting visual is presented below, where a mapping of the plastic cumulatively produced 
from 1950 to 2015 has been done. It has to be bore in mind that plastics’ decomposition times 
are extremely long, so every plastic product we use today that is not managed correctly as waste 
will be here long after we are not. It can easily be seen that the recycled and incinerated, whose 
effects will be looked into in the following sub-section, represent an astonishingly low 
percentage of the total (below 15%). On the other hand, an incredible amount of 4600 millions 
of million tons are currently stored in landfills or polluting our environment due to direct 
discard and mismanagement. Following the ongoing trends of plastic waste generation and 
mass production, this vast number will only get bigger and bigger as the current discarded 
plastics will not decompose anytime soon (Ritchie, H., Roser, M., 2020). 
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Figure 18: Mass of plastics from 1950-2015 produced and its journey through to its ultimate 
fate or destination. (Ritchie, H., Roser, M., 2020) & (Geyer et al. 2017) 

 

4.4 Current Situation 

A complete view of plastics, waste production and recycling has been presented 
throughout the previous section. Following this information, aspects from the three pillars on 
which the project is based have to be looked at. State of the art technologies, best and worst 
practices, social impact, health and environmental effects amongst other issues need to be 
understood to be able to proceed with the topic adequately. 

To start with, a little light has to be shed towards pollution throughout a plastic-based 
product’s life, from the manufacturing processes to the recycling processes. In the first place it 
is important to mention the fact that most pollution associated with plastics is looked at when 
disposed as environmentally harmful, filling oceans, polluting natural sites and more. Plastic 
is used because it is very cheaply manufactured, a part from its obvious outstanding properties, 
however, a basic understanding of the effects of the plastic manufacturing is also useful. 
According to a study carried out in the University of California – Santa Barbara, the carbon 
footprint of plastics is surprisingly high. This is a result of the whole life cycle, from the 
extraction and distillation of petroleum and other fossil fuel sources, the manufacturing and 
transportation to the markets and the disposal and waste management processes. These all 
release carbon dioxide amongst other hazardous substances depending on the nature, both from 
the direct process or through the high amounts of energy needed to make them happen.  The 
study showed that the emissions from plastics in 2015 were equivalent to close to 1,8 billion 
metric tons of carbon dioxide (UCSB, 2019).  
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This situation shows the importance not only of the visual and environmental pollution 
derived from the actual plastic products, but also the air quality and atmosphere pollution 
coming from the plastics industry as a whole. CO2 is considered to be the higher contributor of 
greenhouse gases accounting for around the 76% of the total GHG emissions (C2es, 2020), and 
its constantly increasing presence in the atmosphere plays an important role in planet earth’s 
health as well as for us, its inhabitants. Climate change effects include extreme weather events, 
sea-level rise, altered crop growth, increase of earth’s temperature and many more. These are 
all mainly negative effects, and even though the plastic industry is not responsible for a high 
percentage of the emissions, it is surely contributing to this increase around 5% (Ritchie, 
H., Roser, M., 2019) (UCSB, 2019).  

On the other hand, plastics’ most common way of harming the environment is by 
polluting physically. It is common to see plastics on the sidewalk or trapped in trees or plants 
in parks around developed countries, but it is even more common to see piles and piles of 
plastics accumulating in under-developed countries’ streets, parks, rivers and beaches. This is 
related to what was shown in the previous sub-section, where specific attention was set on the 
high percentage of the MSW being directly disposed in low-income countries. The lack of 
waste management solutions in these countries result in polluted dirty streets and corners all 
around. This is reinforced by climate change conditions aforementioned, bringing extreme 
temperatures, rains, storms, hurricanes and other climate hazards that make the situation even 
worse. Funny enough, most of these are more common in less developed countries, which even 
have a bigger effect on the population and infrastructure. The uncountable amounts of plastic 
waste disposed and mismanaged are then carried away by the wind and water making it to 
disperse and be relocated to never be recollected again. Most of these plastics eventually end 
up in lakes, rivers and lastly our oceans. According to a World Economic Forum study from 
2016, 8 million metric tons of plastic enter the ocean every year. This figure can be broken 
down to approximately having a garbage truck filled with plastic waste being dumped 
every minute. Bearing in mind that 71% of Earth’s surface is water (362,17 million km2), the 
process of locating, collecting and clearing the plastics is of an extreme level of difficulty 
(Project MainStream - WEForum, 2016). 

Due to the material’s nature, the plastics used long time ago (and mismanaged back 
then) are still an issue because of the decomposition rather than disintegration process. 
Microplastics are the result and represent a high percentage of the plastics polluting the world. 
These tiny less-than-5mm-diameter plastics are obviously very hard to spot and gather, and 
they have greatly negative effects on sea and land life (mainly through inhalation). 

It is important to look at the picture as a whole and observe the plastic’s effects on 
health and the environment in all the stages of its lifecycle. There are health impacts present 
from the beginning to the end of their long-lasting lives, from the refinery to the store shelves, 
waste management and finally as the aforementioned microplastics. The Center for 
International Environmental Law’s (CIEL) report confirms the previous statement with the aid 
of the following diagram; the negative contribution of plastics to human’s health is ongoing 
through its life (Azoulay, D., et al. 2019). 
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Figure 19: Environmental health effects of plastics (Azoulay, D. et al. 2019) 

It can easily be seen that most of the effects come through inhalation and ingestion but 
skin contact can also be a source of exposure. Most of the time we won’t be even conscious of 
our intoxication as it may arrive through fish or crops we eat at our homes, or even breathing 
in what we think is “clean” air.  
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According to the mentioned study, extraction, refining and transportation of the fossil 
fuels involved in the plastic creation release toxic substances into the air and water. Known 
associated health impacts vary from cancer, impairment of the nervous system, reproductive 
and developmental problems, neurotoxicity amongst other genetic impacts.  

Other steps of the cycle such as waste-to-energy methods, commonly referred to as 
incinerators, also release toxic substances into our air, water and soil. These can lead to both 
direct and indirect health risks for workers, consumers and nearby communities in general. 
However, it has to be said that modern incinerating plants have built-in filters and air-cleaning 
systems to prevent these harmful gases and substances from being emitted into the environment 
in excess. Some of the mentioned substances include acid gases, particulate matter and heavy 
metals like lead or mercury. These are also known to be increasing its presence in the fish 
inhabiting our seas and oceans, yet, most of the mercury and other heavy metals present in 
them are believed to arrive from power plants using carbon all around the world rather than 
from incineration or other plastic-related issues (NRDC, 2010). Modern filters and collection 
systems are nowadays used to prevent this situation too. Nonetheless, the ever-lasting 
environmental exposure of both soils, terrestrial and aquatic food chains and water supplies to 
plastics (including emissions and microplastics) result in a big contamination source for human 
beings through obvious nourishing processes. 

Other than health related impacts from processes and emissions, it is crucial to mention 
the effects of microplastics. These enter the human body mainly through inhalation and 
ingestion, and include inflammation, genotoxicity, apoptosis, necrosis and oxidative stress as 
health effects, most of which are related to cardiovascular, cancer and autoimmune issues. On 
top of that, during the decomposition or degrading of the plastics, not only microplastics are 
emitted to the environment, but toxic waste is too.  

Going back to the project’s focus, consumer goods and packaging also have associated 
health impacts according to CIEL’s report. It is said that microplastics and other toxic 
substances are ingested or inhaled at high amounts by humans through this widespread use of 
plastics. Carcinogenic, endocrine disrupting impacts and other previously mentioned effects 
are believed to be related with this source too (Azoulay, D., et al. 2019). 

This fact presents a huge problem towards packaging reusability. Effects such as 
cancer, child development issues, increased risk of miscarriage and decreased testosterone 
levels have been associated with the continuous re-use of plastic bottles for instance (Gibson, 
R., 2007). This is based on the fact that reusing containers for repeated number of times, which 
they are not designed nor thought for, results in chemicals being leached into the food or drink 
in the container and subsequently entering the user’s system providing a source of unwanted 
toxic substances with negative health effects. Similarly, microplastics can end up being emitted 
and confined in the container waiting for the user to inhale or ingest them too. 

It is recommended to be cautious and have all this in mind, but it is important to mention 
that these levels of leaching are regularly significantly low. Through a study carried out in 
Arizona State University, the researchers found that after three months of reuse the levels of 
antimony (toxic waste that causes vomiting and diarrhea, but not carcinogenic) went from 
0,195 ppb (parts per billion) to 0,226 ppb. Reaffirming the initial statement, the US 
Environmental Protection Agency sets a maximum of 6 ppb of antimony in drinking water, 
which is way higher than what the researchers encountered (Harrington, R. 2016).  
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Reusing is harmful, incinerating is harmful, production is harmful… What can be done? 
It is important to bear in mind that most industrial processes are considered to have some 
negative effects on human’s health, so this is an issue and somewhere to put focus for 
prevention, but is actually something that all solution will bring with as a carry-on too. A great 
solution is therefore to recycle the plastic waste, of course.  

Nonetheless, it goes without saying that during the recycling processes particles and 
toxic substances may and will be emitted too, so the goal and purpose of the process is what 
gains importance. Through these processes the life of a particular plastic product is extended 
and therefore its harmful effects during extraction, refinery, manufacturing and lastly 
decomposition, are divided into more years of use. This is in fact a great change that is more 
and more common worldwide everyday as mentioned in previous sub-sections, particularly 
after a new situation has brought up this necessity a step higher; China refused in 2017 to accept 
foreign waste for recycling.  

According to National Geographic, 91% of the plastic worldwide has not been 
recycled, also, the article states that if the trends seen nowadays are not changed, there 
will be up to 12 billion metric tons of plastics in landfills by 2050 (Parker, L., 2018). Sadly, 
it is a fact that many developed countries send their waste abroad and forget about what 
happens next. In 2016, the UK sent to landfills or incineration up to 1,25 million tons of 
packaging plastics. Also, the UK National Packaging Waste Database presents just over 1 
million tons of the same plastic products actually being recycled back in 2016. On the other 
hand, in recent past years, many developed countries including the US and UK amongst others 
have been conveniently shipping large amounts of waste abroad, being China a recurrent 
destination. According to the HMRC’s UK trade information website, the UK exported near 
to 0,8 tons of plastic waste in 2014. Similarly, the US sent to China and Hong Kong around 
1,6 million tons of plastic in 2015, constituting over half of the 9% of the plastic estimated by 
the Environmental Protection Agency to have been recycled in America that year (McCormick, 
E. et al. 2019).  

An impressive industry of harvesting and reusing the plastics to manufacture new 
products from used plastics was developed, but the continuous useless state of the imported 
plastic waste was decisive. The issue in both cases was that most of it was allegedly 
contaminated (with non-recyclable plastics, food waste and others) so it was only possible to 
be burnt by the foreign waste management specialists or directly landfilled. Experts estimate 
that 20%-70% of shipped plastics waste is actually discarded because of unusable 
features. This situation also means the real amount of plastic being recycled is lower than it is 
thought, as not all that is exported is actually recycled. With China’s decision to stop the waste 
imports in late 2017, these amounts of waste had to be redirected to other destinations still 
accepting waste (while possible) or self-managed by the producing nations (McCormick, E. et 
al. 2019).  

The US Census Bureau export data found that the US is still shipping over 1 million 
tons a year, distributed to several different countries. Some of the “chosen” destinations 
include Indonesia, Malaysia, Vietnam, Ghana, Bangladesh, Philippines or Thailand. 
Curiously enough, some of them actually are considered as world leaders in plastic waste 
mismanagement (Sheth, K. 2019). Malaysia for instance, who is the number one receiver of 
overseas plastic waste from the US since the China ban, is considered to have mismanaged 
55% of its own plastic waste, meaning direct disposal and open landfill. Similarly, two other 
important players such as Indonesia and Vietnam both mismanaged over 80% of theirs. This, 
combined by the aforementioned fact that big part of imported plastics are useless for recycling 
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purposes, only represents an increase in the receiving countries’ waste amounts. This results in 
full landfills, rising environmental pollution, seas, rivers and lakes full of plastics, streets 
covered in piles of waste and increasing health effects on its inhabitants, who in addition tend 
to have little resources and medical care, both as individuals and as communities. 

Accordingly, these countries are beginning to follow the path China opened a few years 
ago, countries like Malaysia, Vietnam and the Philippines have begun to return waste-full 
containers to its origin countries, refusing to accept more as they encounter themselves in an 
undesirable situation and the quality of the incoming waste is not improved (Foncillas, A. 
2019). 

The Basel Convention, signed by over 185 countries, brought up new measurements 
and basis for correct procedures, where more transparent and respectful international 
movement of dangerous waste (plastic recently included) is promoted. With this, safe and 
consensual waste trading is more than accepted, but illegal disposal or useless shipments are 
now thoroughly looked into and punished. Therefore, everyone sending good quality plastic 
waste overseas is actually encouraged, whilst plastics with 20%-70% needed to be discarded 
are clearly not, as well as illegal contraband and disposal of course. This will contribute, as 
presented in previous sections, in the increase of the waste management and recycling market. 
Accordingly, Chinese businessmen with expertise in the matter, have set foot in the receiving 
countries to avoid the China ban and continue to obtain benefits from occidental plastic waste, 
contributing as mentioned in the accumulation of undesired waste in such countries 
(McCormick, E. et al. 2019). 

Looking into the actual business of recycling, an average price of USD $150 can be 
associated with a ton of plastic scrap coming from the US. An easy calculation presents an 
impressive amount of over $150 million a year only for the US plastic waste exports. Next 
steps carried out by the buyer of the waste may vary, but processing, turning into pellets, 
shipping and other useful stuff result in a selling price of around $800 per ton (McCormick, E. 
et al. 2019). This is around a times 5 value extracted, considering all the plastic in the initial 
waste bought is useful, if only half of it is useable the multiplier falls to half too.  

The answer of why is not everyone buying recycled plastics rather than newly made 
lies in the fact that virgin plastic is usually much higher quality and is sold at around $900-
$1000 per ton. Most manufacturers prefer to assume this $100-$200 per ton difference and 
assure best quality rather than go for the recycled goods and environmentally healthy solutions. 
On top of that, the current situation brings a huge social problem. The recycling companies 
will rather spend $150 per ton of imported plastic waste, which is more or less clean or good 
for recycling, than investing in their own country to enhance own waste recycling. The result 
is even worse as the imported plastic ends up adding to the local waste amounts and the 
population being surrounded more and more with plastic waste that no one cares about any 
more. 

In addition, as mentioned in the beginning of the section, plastics are derived from fossil 
fuels and natural gas. With these as raw materials the price of virgin plastic is obviously linked 
to own particular prices. Currently these are low, especially natural gas due to new fracking 
plants. As a result, while these prices are steadily low, so will be the price of virgin plastics 
(around $900 per ton). However, and as a consequence of the increased use of fossil fuels in 
our daily lives, thought to be present in 96% of the products we use every day (IAGC, 2018), 
the prices are poised to grow in a near future. Fossil fuels are finite, and if we continue to act 
as we have during the last centuries, we will most certainly run out of them. A couple graphs 
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extracted from different studies illustrating the situation show how as the years go by, less 
resources will be available, confirming that aforementioned; prices of the raw materials for 
plastic production (and all fossil fuel-based products) will go up (Ritchie, H. 2017).  

 

Figure 20: Years of global fossil fuels reserves left. (Ritchie, H., 2017) 

 

Figure 21: Hubbert’s peak prediction hypothesis of oil production vs. actual fuel production 
trends in the US. (Ritchie, H., 2017) 

Eventually a point will be reached where it is much more expensive to use virgin plastic 
than it is to buy recycled at todays’ rates, so hopefully most manufacturers will turn to recycled 
plastics. As its typical however, the price for recycled plastics will at the same time rise due to 
the increase in demand, which leaves us with the hope that manufacturers begin to turn to these 
as soon as possible to prevent the whole situation to burst. Towards this global goal, specific 
help of politicians and world leaders will be crucial. 
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Initial steps towards the reduction of plastics being used and incentivizing the plastic 
recycling and reusing are on the front row of today’s measures. Kenia introduced in 2017 one 
of the most impressive measures, where anyone using, selling or producing a plastic bag can 
be condemned to 4 years in prison or fines up to $38.000. Other countries like Vanuatu or 
Taiwan and cities such as Montreal have introduced bans on single-use plastics such as bags, 
cups or straws. New Delhi, being one of the most air-polluted cities worldwide has also taken 
measures by banning al single-use plastics, and France is in the implementation year of what 
was announced in 2016; ban on all single-use cups, cutlery and plates. Similarly, some 
countries like the UK and Canada have also planned or implemented measures to ban 
microbeads in their territory (Calderwood, I. 2018). 

It is therefore true to say that more and more companies and regions worldwide are 
jumping onboard of the growing trend of no plastic bags or similar single-use plastics. This is 
great and brings a lot of hope to the whole situation. Studies have shown that an average 
American uses 1 single-use plastic bag per day, whilst in Denmark the average is 4 plastic 
single-use bags per year per inhabitant, so big differences can be made by these types of 
measures (Gunn, K. 2018). 

Other than the “easy” measure of placing a new ban or legislation against the actual use 
of single-use plastics, which is probably the most efficient measure to meet the desired goals, 
cities and regions have innovated in different ways too. In California, an incentive oriented 
sociopolitical measure was included many years ago. It consists basically on giving economic 
reward to those (mostly homeless people) who gather plastics, cans and glass from the streets 
and deliver them to specific locations for the exchange. According to an article in PBS, one 
garbage can filled with waste usually equates to $7-$8, depending on its nature and weight 
(Abate, C. 2016). 

Other solutions include a basic health care program in exchange for waste, created by 
a young student from Java, Indonesia and already having served over 2000 cases, or in the 
other hand, incentive-based measures such as the two bins found in Asturias, Spain, where 
discounts and similar rewards are given to users who dispose their plastic waste in one of the 
two bins, located in a bar and laundry. Over 800 packaging products can be disposed in them 
and they are constantly filled in and need to be emptied, so some sense of use can be grasped 
(Ferran, J., 2020).  

Many initiatives are springing all over the globe to handle and tackle the current plastic 
pollution and over-production. From plastic-bottle-made boats for fishermen in Cameroon 
(Clarke, L., 2017) or houses in Uganda (both solving or helping their communities in other 
issues a part from recycling of plastic waste), to increased use of recycled plastics in 3D 
printing of glasses’ frames and passing by MacRebur’s solution: a Scottish company making 
roads which are supposedly 60% stronger and last 10 times longer, using recycled plastic 
instead of bitumen (Ahuja, A., 2017).  

Anyways, these are a couple small examples of how the world is starting to face and 
confront the situation by trying to find beneficial uses from the plastic waste we continuously 
generate. This is therefore a great indication that together with the plastic reduction campaigns 
and measures, something is being done. However, the problem is much, much bigger. 
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5. Results and Discussions 

5.1 Introduction 

As previously detailed, this report intends to serve as a step forward towards a more 
sustainable future focusing mainly on the plastic issue. Having described the general problem 
in the previous sections, in this research section possible directions for further follow-up will 
be identified, looked at and discussed. Based on the background, current situation and an 
analysis of the innovation potential, 4 distinguished targets for innovation to prioritize have 
been found. 

These targets describe the different steps or as mentioned, potential targets for 
innovation within the whole plastic waste management. Obtention, refining and manufacturing 
processes are not looked into due to their high complexity and over-the-years improvement. 
Instead, the targets identified correspond to the Collection of plastic waste, Separation into 
desired groups, Conversion into new products and uses. 

It is clear as you dig into each one of the targets that the goal and solutions overlap with 
the others, being it even possible to present a combinational solution or follow-up 
recommendation. However, it is important to try and keep the targets separate, mentioning the 
link to the others when needed. 

To start with, and as we know thanks to the World Economic Forum, 8 million metric 
tons of plastic enter the ocean every year. This is mainly result of poor Collection methods. 
Failing to collect plastic waste through correct recycling containers from most world’s 
inhabitants, direct littering and even from products people flush and go down the drain, all 
contribute to the unsuccessful collection of plastic waste worldwide. The quality of the 
collection is also crucial for the correct management and to prevent plastic waste from reaching 
our oceans and environment in general. 

A Collection 

• 141 million tons of plastic waste generated globally every year (average 39,7 lb 
per capita yearly) 

• 267,8 million tons of MSW generated in 2017 in the US, result of around 4,51 lb 
generated per capita daily (13,2% is plastic waste) 

• Close to 50% is directly thrown away in open dumps 

• 8 million metric tons of plastic enter the ocean every year, failed to be collected 

On the other hand, it is true that together with collection, separation can play an 
important role on the actual amount of plastic recycled or reused as well as the mismanaged 
tons that pollute the world. If collection does not meet the quality demands, separation 
processes need to step up the game to ensure the plastic waste can be managed as it should, 
rather than being landfilled or dumped as if the collection had not even been done. Similarly, 
it is of great importance to have enhanced separation techniques to be able to guarantee packs 
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of plastic waste suitable for recycling. Bearing in mind all stated in the background, plastics 
(generally) don’t mix, so Separation (or Sorting) per plastic type and from other collected 
waste is an important step of the process. 

B Separation 

• 34-35% recycling rate in the US, indicative of poor initial sorting in households 

• 20-70% of exported plastic waste does not meet quality demands 

• Plastics cannot be mixed, high purity levels needed for further conversion 
processes 

• Sorting complexity, initial investment and number of steps for best practices 
are clear barriers 

Similarly, the result of a good collection and separation lead to the most reuse potential. 
The possibility to create useful products from recycled plastics increases with the quality of 
the waste that reaches the recycling plants. This is the link between the two previous steps and 
this third one. The Conversion or Reuse step is therefore totally dependable on the successful 
implementation of the collection and separation, mainly because, as mentioned, plastics do not 
mix. This, together with the actual recycled plastics’ properties depending on the quality of the 
waste used, is what allows and determines what potential uses can be found. There are many 
ways of reusing plastics (see references and recommended reads), the most common being the 
recycling into new products through the creation of pellets and using them in the manufacturing 
products, but many other exist and can be found. 

C Conversion 

• Close to 55% of plastic waste is still directly discarded globally 

• Increasing appearance of solutions and useful processes for different nature of 
products and sources 

• Recycled plastic is not cheap enough to compensate for full cycle complexity and 
final-product characteristics 

• Waste-to-energy solutions gaining presence 

To begin with, more detailed insights are needed on what is the SotA in each one of the 
targets presented, to further identify challenges to try to tackle through the output 
recommendations, guidelines and innovation proposals. However, it has been identified, under 
a prior hypothesis, that there is a fourth player in this complex situation of plastics reuse and 
waste management. The actual social Awareness, as a combination of political, economic, 
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social and technical facts, has an outstanding role in the best practices and future solutions and 
is a needed tool to handle the topic ideally. As presented uncountable times, the problem with 
plastic waste and its management and reuse is extremely widespread throughout the world, it 
is very complex as it has many players and involves many and complicated methods throughout 
its chain and on top of that, all of the population is involved. These, as mentioned clearly in the 
background, results in a large scope of action and focus for the project, but also presents the 
necessity to look into the social point of view and how this can affect or steer the wheel to 
solve this ever-growing problem. 

D Awareness 

• Most people in developed countries believe in recycling (99%), however, many 
do not recycle at home (15%) 

• There is a common unawareness on what occurs to the collected waste from 
citizens, 49,2% state they don’t know and 40,2% might have a slight idea 

• Increasing importance of recycling and reuse at a global scale, with +3000 
publications on plastic waste since 2018 

• All individuals count, it is a worldwide issue and we are all involved as part of the 
solution and the problem 

Coming therefore from these different aspects within plastic reuse, further detail and 
research has been carried out and presented bellow to look for and identify innovation potential 
and current trends and best practices. 

 

5.2 Collection, Separation & Conversion 

a. Collection 

Waste collection is the initial step in the waste management cycle, and therefore a very 
important one. All that is failed to be collected will not even enter the recycling wheel, and as 
the steps move forward, less and less quantities make it through and become new products 
from recycled waste in the end. It is important first of all to identify the origins, being easily 
separated into household waste versus industrial waste, which is organized (by law) by the 
owner. 

As far as collection of household waste goes, there are numerous methods around the 
world through which most is gathered. The final objective of all of them is to maximize the 
recovery of recyclable materials to further recovering value from the waste, as well as avoiding 
piling up of waste in urban areas and streets. This value can be exploded through reuse, 
recycling, waste-to-energy or other; anything except for landfilling, direct disposal and open 
burning. According to several sources cited in the reference section, the following is presented. 
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i. Existing methods 

The most typical way of collecting waste from particulars in America is through 
curbside collection. Here, household waste is gathered and placed at the curb for collecting 
services to pick-up and transfer to recycling facilities and waste management plants. This can 
be common in the U.S, whilst other developed countries such as Spain function with drop-off 
recycling more. This second method consists on specific containers being placed at strategic 
points, available for all citizens to dispose their waste at any time or within a timetable if 
private. Here is where different waste collection schemes come into place, every country, 
region or even company has its own. The most commonly known, which works quite well 
according to what is being done, is probably: packaging and plastics, metals, paper and 
cardboard, and lastly, glass. Accordingly, containers are mostly marked and color-coded to 
distinguish what should and should not be thrown in them to have a successful collection of all 
types of waste. Through both these methods, residents are required to separate their waste 
according to the waste collecting services’ needs and stated scheme, resulting in an initial 
separation being done which is highly interesting as it simplifies and focuses the efforts in the 
following steps of the waste management cycle. 

 

Figure 22: Curbside collection example (Waste360, 2016) 

   

Figure 23: Drop-off collection examples (ElNacional, 2019) 

Other possible collection methods, which are much less typical, include buy-back 
centers and deposit/refund programs. The first one is basically a private facility offering an 
economic reward or incentive to users who hand in well separated waste (according to their 
specifications). They “buy” this recyclable waste if correctly disposed because they are able to 
make profit further along during the process much easily. Buy-back centers are similar to drop-
off in the way that they both have designated containers oriented to each type of recyclable 
waste; however, the big difference is the economic incentive present in the buy-back centers. 
On the other hand, deposit/refund programs have the economic incentive set up in a different 
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way, these work through an initial deposit when purchasing the (plastic) product which is then 
redeemed upon returning of the product in the assigned location or to the original seller. This 
is commonly done through a combination of a tax applied on the product consumption with a 
reimbursement when the packaging product is returned or correctly disposed for recycling. It 
is also commonly applied to hard to recycle or hazardous products such as lead-acid batteries, 
oils, electronics and other to try to incentivize the correct collection of such. In addition, a 
lower scale deposit/refund program is commonly seen in music venues and festivals, where 
this is introduced to enhance reuse of plastic cups and similar as well as reduce littering. Also, 
bars, restaurants and clubs implement similar systems, not only with their costumers, having 
them return the used recipients when finished, but also with the providers, collecting and 
returning the empty products to them when they deliver new goods. They do this by contract 
in exchange for economic incentives or discounts or even for good will. This last method is the 
least scalable solution as it can get very specific as for what type of product and where to 
deliver it. Nonetheless, it is valuable because it very humane and serves as an easy incentive 
or motivation for people involved as it is presented as easy interactive tasks that contribute 
widely and have direct reward. For more information follow recommended articles and reads 
at the end of this project. 

   

Figure 24: Buy-back collection examples (CleanTechLoops, 2019 & Pamper, 2018) 

 

   
Figure 25: Deposit/refund collection examples (PlasticSmartCities, 2019 & Futurenviro, 

2015) 

On top of that, companies such as Waste Management in the US are beginning to appear 
as an option to recycle at home giving a more personalized service. These offer free set up 
and delivery service as well as free and scheduled pick-up of the waste. They work basically 
through curbside collection methods, but their approach goes beyond the traditional municipal 
waste collection methods. As mentioned before, this is a model that can be easily implemented 
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in suburbs and cities with low density of population (such as typical American cities and towns) 
but is hard to introduce in European cities and in least developed countries. 

   

Figure 26: Personalized collection services examples (Waste Management, 2020) 

As a result, other methods are used (when even used) depending on specific country 
and city needs and characteristics, as in any other service. India for example, considered to be 
the 3rd world’s largest waste generator and one of the world powers, generating in total around 
62 million tons of MSW are every year, from which close to 7 million metric tons are plastic 
waste (Jaganmohan, M., 2020). The current situation is that over 80% of the generates MSW 
are directly landfilled, either directly or post being collected (43 million tons of the generated 
MSW are collected and from that, 31 million tons landfilled). Accordingly, landfills are rapidly 
filling up and are currently the source for about 20% of all methane gas emissions in the country 
(high temperatures and other fire-enhancing environmental facts highly contribute to this 
number). It is expected that the amount of land destined to landfills needed to cope with the 
growing population and waste generation will continue to grow bigger and bigger. Some rules 
and legislations on management and handling of MSW have been introduced but are far from 
effective to the date. It is believed that some cities such as Chandigarh, (1 million inhabitants) 
have begun introducing planned methods and are actually improving waste management 
related issues specially comparing them to other Indian cities (Kumar, L. et al. 2017). 

Mostly the collection of waste in Indian cities is carried out by waste pickers from the 
informal sector. In other countries such as South Africa, up to 90% of the recycled goods are 
supposed to have been gathered by these individuals too (Matshili, R., 2019). These are 
inhabitants that rely on waste picking to live, it is their only source of income as they are able 
to extract value from their collection. They reuse what they encounter, sell it to corporates, 
recycling plants, composting or other. In a parallel way, they provide a great benefit to society 
by keeping the cities clean and preventing the disposed waste from reaching sewage systems, 
water streams and eventually rivers and seas. According to a recent study based on six cities in 
India, up to 80,000 waste pickers helped by collecting around 20% of all MSW (approximately 
3 million tons) resulting in annual economic benefits (both for the pickers, recyclers and cities) 
and environmental benefits such as reduction of CO2 emissions and reduction of plastic 
pollution. This is clearly not a common solution in Occidental countries. 
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Figure 27: Waste-pickers (DailyMaverick, 2019 & Living in Minca, 2020) 

On top of that, further developed and successful methods of collection, storage and 
transport are needed to correctly tackle the total MSW in cities (80% of the MSW in India is 
still out there post waste pickers), which are actually known challenges. Apart from the waste 
pickers, who are mostly low-income families, waste collection is responsibility of the 
municipal corporations in India. Most of the bins provided nowadays are focused on general 
and biodegradable waste, which normally end up dumped and open burnt. Citizens usually use 
these bins to throw all types of garbage, resulting in mixed waste, which is hard to separate and 
as stated, ends up in landfills more often than not. 

This describes the situation occurring in many less developed countries too, where an 
impressive mismanagement of waste is leading to countries drowning in it and having 
increasing negative health and environmental effects. Most landfill sites in these countries such 
as the previously mentioned Malaysia, Thailand and many more, are over-flowing, so this 
presents the urging situation to look into innovative methods to handle the ever-increasing 
waste produced. Actually, improvements in the waste collection steps, as well as new 
transportation methodologies and processes, will most certainly help contribute to the society 
by creating jobs, improving public health, quality of life and even tourism. According to a 
study, 70% of the resources in the implementation of a MSW plan in India are destined to 
collection while 20% are focused on transport (Kumar, L. et al. 2017). 

This is an important aspect to look at, as mentioned before, waste transport cannot be 
done in the same way in the narrow streets in Europe’s typical old town centers, in wide 
suburban American streets or in small isolated villages in less developed countries for example. 

The most well-known transport for collected waste are trucks, varying in shapes and 
sizes depending on the targeted containers and the region’s origin and procedures. It is common 
to have trucks driving through urban areas collecting the waste, regardless of the method 
carried out (curbside, drop-off and more). This is a great solution as big quantities can be 
handled and the waste of a whole block can be handled together for instance. Additionally, 
trucks are evolving too, encountering more and more electricity powered ones, equipped with 
compressors to reduce size and other new features. Nonetheless, not all urban areas have the 
resources, infrastructure or even the necessity to have trucks (bigger or smaller) constantly 
circulating around.  
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Figure 28: Common garbage truck (Leon7Dias, 2020) 

 
Figure 29: e-Truck in Barcelona streets (VigoHoy, 2020) 

As a result, other transportation methods such as handcarts exist. These are much 
cheaper and simple, being able to be manufactured practically everywhere. Handcarts are 
flexible and can circulate on most types of terrains. On top of that, due to their affordability 
and high personalization, individuals and members of the informal sector who collect waste 
can afford their own vehicle to handle bigger amounts than bag-carrying on their backs and 
arms. As mentioned, another pro of these kind of waste transport is the fact that they can reach 
all spots in urban areas, including narrow streets and alleys, parks and other. 

  
Figure 30: Handcarts for waste collection (Indiamart, 2020) 
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Figure 31: Service provider handcart for collection (Alamy, 2020) 

Similarly, cargobikes and tricycles are being used in numerous locations as it is a 
solution that combines the great features of the typical handcart with the quickness of a bicycle. 
Most of these are from the informal sector too, where individuals customize their own vehicles 
to maximize efficiency and minimize efforts whilst handling their waste, their neighbors’ and 
what they might collect from their surroundings. 

   
 

 
Figure 32: Collection of cargo bikes used for waste collection (Google & Wecyclers, 2020) 
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ii. Comparison 

After analyzing the aforementioned methods of waste collection, a classification has 
been made to enable and enhance best further comparison amongst each other and the rest of 
steps in the reuse wheel. For best understanding of the spider chart comparison below, please 
review the explanation of each characteristic evaluated, detailed in the Methodology. 
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Figure 33: Collection spider chart evaluation and comparison 

The presented spider charts show the evaluation or classification carried out according 
to the method described in depth in the Methodology, own criteria and judgement on 6 different 
characteristics. It can be observed that the personalized services present outstanding 
performance, being the most independent, highest quality and amongst the friendliest solutions. 
However, due to its high cost, it is clearly one of the least used worldwide, together with the 
Deposit/Refund solution. This personalized solution needs for high connectivity, willingness 
and possibility to face the costs, both from the user side and the service providers, and usually 
are implantable in stable, organized and developed countries. 

In contrast, Waste Pickers are present worldwide at a high scale, mostly due to their 
importance in least-developed countries, where the informal sector are the only organisms 
carrying out collection tasks. This is due to low costs and high independence levels, as no 
mechanisms, infrastructure or similar are needed. 

Buy-back and Drop-off methods can be observed to be in the middle, being solutions 
with numerous positive aspects, including, quality, friendliness, independence and variety 
acceptance. These result as very useful solutions which can provide cities and neighborhoods 
with clean streets at considerably mid costs, improving life quality of all inhabitants and 
serving as a nest practice to further manage the waste collected. All of these, however, need 
for service providers or governments to step in and for the population to be educated in the 
matter and willing to cooperate. 

Lastly, Curbside is considered a solution with low variety acceptance as it is 
complicated to have separated containers for all the types of waste in front of all houses. 
Similarly, it is a method which can’t be widespread due to its nature and door-to-door service, 
common in suburbs. This method together with the Deposit/Refund and the Personalized, are 
considered to be implemented at its best in selected locations and societies mainly. 

iii. SotA & Innovative methods 

As the waste management market grows, together with the social concern for recycling, 
sustainability and respect for our planet and all its inhabitants, new collection concepts and 
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systems are being constantly developed. Startups, innovative processes, pilot cities… Some of 
the State of the Art (SotA) methods are presented ahead. 

In connection to the existing transportation methods, which go back several centuries 
behind, Wecyclers is a start-up with social approach focusing on the collection for further 
recycling of waste in Africa. The project started in 2012 and has as for today collected over 
6000 tons of recyclables from low-income communities mainly, impacting more than 20k 
households and 60k people. This is a model based on capturing value from collected waste 
whilst at the same time improving health and life quality in these marginal communities in 
Lagos, Nigeria. Low-income inhabitants are incentivized to recycle and collect waste in 
exchange for rewards, and they carry out this task by moving around on the companies’ 
cargobikes, which are easy to make and locally assembled. Since the beginning of the project, 
other vehicles such as motorcycles, vans and similar, have been introduced in the fleet for pick-
up purposes. The collectors who pick up waste from households mainly, are rewarded upon 
delivery of the recyclable goods in one of the Wecyclers’ plants, with points per kilogram of 
recycled waste. Eventually these points can be exchanged for food, household items and other 
needed essential goods. The solution presents a great opportunity both as a business model, as 
recycled waste is sold for manufacturing purposes, as well as for the social part which has 
several sides to it; creates jobs (both cyclers and plant workers) and reduces waste piling up 
and contamination, increasing quality of life amongst many other aspects. Find out more on 
their website or the suggested article in the reference section. 

In a different side of the world, smart-bins are springing. Enevo, for instance, presents 
itself as a solution to reduce waste-related costs through IoT and sensors. This solution is 
exposed as an addition to current collection methods such as Curbside or Drop-off, enhancing 
their performance by monitoring the waste collected and enabling further analysis, 
management and service efficiency. Through the routing and planning capabilities offered, 
together with the mentioned sensor and their platform, Enevo presents a solution to reduce 
operation costs, gather and easily present waste generation and collection data, ensure correct 
delivery of services. This initiative can be looked at as a step forward for municipalities or 
private services to reduce the costs related to collection, as well as to learn about actual 
presence of recycling per area. In addition, useless collection trucks will circulate when there 
is no need for collection.  

Similarly, many other types and sizes of smart-bins are being tested, piloted and 
introduced around the most-developed parts of the globe. These are commonly focused on fill-
level sensors, IoT and connectivity to correctly manage the whole collection process and 
optimize the flow of the collected goods. Smart-bin producers offer other services which are 
positive for the collection purposes and user experience such as solar powered trash compactors 
to increase bin capacities up to 5-8 times (Ecube Labs), temperature and fill-level measuring 
(Smartsensor), interactive bins to capture user’s attention and educate through the collection 
process (EvoEco) or optimization of collection routes (Sensoneo or Enevo). These are all 
innovative solutions that contribute to the development of the waste management industry from 
the one of the first steps: collection. The goals of all these concur in enhancing the actual 
methods, best user experience, reduction of costs, optimization of processes, best collection 
practices and more collection-related aspects. Similarly to all other initiatives, source for the 
information and for further research is available at the reference list. 

Other companies have appeared as private services, such as Waste Management in the 
US (mentioned previously), Buhle Waste in Africa or Viridor in the UK. These companies 
advocate for a more extended collection of waste, in all their types and natures, both from 
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factories, retailers or companies and individuals or households. The aim is to provide 
personalized services to reduce costs and ensure a correct waste management, more 
information on these can be found in the recommended links in the appendix. Through these, 
the recycling rates are increased and the amounts of recycled waste grow bigger, enabling 
further steps on the reuse cycle to function even better, obtaining more and more recycled 
goods and preventing plastic pollution. 

In parallel, international associations and programs such as Horizon2020 in Europe are 
also looking into the current problem. COLLECTORS is an ongoing project, expected to end 
30th June 2020, focused on the actual need of proper waste collection for its optimal recovery. 
The project states that the collection rates are rising, but levels are very different depending on 
the state or region, see suggested links to the project’s website and related articles in the 
appendix. Accordingly, the objective of the project is to overcome the current situation and 
through best practices from example regions, support decision-makers in the adoption of better 
collection systems. In order to do so, 12 cases of waste collection systems across Europe were 
looked at (of which 5 where focused in paper and packaging waste), resulting in the output 
guidelines and recommendations. According to the project’s website, if all regions increased 
their collection rates up to those who are currently presenting best practices, 18 million tons 
more of paper and packaging waste could be collected in Europe, resulting also in a reduction 
of 13% of greenhouse gas production from this kind of waste. COLLECTORS is therefore an 
initiative trying to spread awareness, stimulate best practices adoption, engage citizens and 
improve decision-making, all in relation to waste collection in Europe. The expected impact is 
shown in the following diagram: 

 

Figure 34: COLLECTORS expected impact if all European countries applied best practices 
(https://www.collectors2020.eu, 2020) 
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From another point of view, many initiatives have been born to tackle the rising level 
of plastics in our oceans. From fisherman-based solutions like Waste Free Oceans, DIY 
devices or local beach clean-ups, to small scale devices such as Seabin or big and ambitious 
measures such as The Ocean Cleanup, who aim to clean up 90% of ocean plastic pollution by 
2040. They develop plans and technologies both to intercept plastic waste from entering the 
oceans (mainly acting in rivers) and to actually clean the oceans. This basically consists of an 
innovative collection method, not from households or shops like the aforementioned, but from 
a much broader and bigger waste supplier, the ocean. Their technology, which has been tested 
and is currently tackling the Great Pacific Garbage Patch, is based on a floating system working 
through the combination of natural forces and a specifically designed sea anchor’s drag force. 
This system moves autonomously on the ocean’s current at a slower pace than plastics, 
allowing them to be captured and being retained in the center of the system. Here the collected 
waste awaits a periodically removal of the collected plastic freeing the device enabling it to 
collect freely.   

  This is an example of one of the most advanced and promising measures taking action 
in our oceans, but many other smaller initiatives exist in an attempt to collect as much plastic 
from the oceans as possible to protect the sea-life, coastlines, human beings and our planet in 
general. The list is very extensive, especially if including all the social awareness and local 
actions, however, another worth commenting initiative is that from San Diego based Clear 
Blue Sea, who have developed Fred, an unmanned robot powered by sun and wind who floats 
gathering waste from the ocean and returns once it is full. The Fred project is supposed to be 
entering the pilot phase in Hawaii and expected to be fully operating in 2023. This is combined 
with more social focused activities to raise awareness and promote ocean cleanup and 
sustainable and responsible consumption. See more on these ocean plastic collection and 
cleaning initiatives in the appendix. 

 

b. Separation 

Separation or sorting, in the other hand, is a hidden side of recycling and a crucial step 
towards the success of the whole process. The objective of this step is to minimize the amount 
of waste that ends up in landfills or other unwanted uses. Many believe that the disposal of 
their waste into the correct recycling bin means direct recycling, this is actually an initial 
sorting done by the users which is actually very useful and much needed. Nonetheless, it has 
been presented throughout this report that there are many other barriers to successfully recycle 
any kind of waste. Through this second step after the collection, the potentially recyclable 
waste is separated from the rest of the waste, cleaned and prepared by nature, type or further 
processes involved. The amount of waste that is (luckily) collected now faces the second step, 
where the total quantity that succeeds entering the third step is much lower than that that 
entered. A lot of the waste is discarded and tagged under useless for recycling. 

While it is true that some kind of collection methods serve as initial sorting, there are 
always more steps involved. For example, even if you collect plastics in one container (and 
only plastics) the collected waste will have to go through a separation process to group per 
plastic type as every plastic has to be recycled in a specific way. Furthermore, some of the 
collected waste might be damaged or contaminated, which might make it useless for recycling 
purposes too. As a result, this step is obviously irreplaceable and as usual different methods 
and techniques have been used over the years to increase efficiency and other factors. However, 
some areas where waste management is far from common, it is inexistent.  
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It is a fact that in separation and waste management plants known as Waste Recovery 
Facilities (WRF), many of the existing technologies and methods of sorting are combined or 
implemented in series to successfully obtain the desired, useful and clean waste. 

i. Existing methods 

Manual sorting is the most widespread process at a global scale, both as initial, 
intermediate and final step or implemented simply to facilitate future automatic processing of 
the waste. In this method, collected waste is placed on belts and faced by operators, who begin 
this separation process by extracting unwanted or hazardous products and separating by 
material, type or color. It is common to see that products are picked up and sent to processing 
directly, so it is usually a simple visual verification done by the workers that decides the final 
destination. This process is present in most waste management cycles and is usually combined 
with other intermediate steps and mechanical aids such as, for instance, separation blades to 
divide waste into separate conveyors for best worker performance or other initial steps to 
simplify the process. 

 

Figure 35: Manual sorting example (FCC, 2018) 

As most other repetitive and tedious tasks, and on top of that, bearing in mind the 
amounts of waste being generated and managed daily, other methods were born to increase 
efficiency and reduce the work load of operators, as well as health effects. As a result, several 
separation methods and techniques are used, most of the time working in series or combined 
to achieve best results. 

It is very common to find screening techniques during the separation processes. An 
example, which is commonly found throughout facilities are the Concentrating Tables, also 
known as densitometric sorting or density separators. This solution is commonly present before 
the conveyors destined to manual sorting due to its nature. The goal of the concentrating tables 
is to screen bulk materials based on size, shape and density to have initial separation of small, 
light objects (such as papers and films) from other bigger ones. After this, the waste that was 
unable to go through the screening, falls into the conveyor and manual separation takes place. 

Another known example of screening technique is the Trommel screener, where all 
types of waste are fed into large rotational drum-like screeners equipped with a cautiously 
designed surface. Here, small objects found in the input waste go through the holes in the 
spinning surface whilst other bulk materials that are unable to go through go through the drum 
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and out the big opening in the other end. The result is a separation of materials and waste types 
such as organic waste from paper, plastic or other. 

 
Figure 36: Trommel screener (Ceicgrp10, BY-SA 3.0, 2020) 

Optical sorting is another type, where mechanical separation tools and optical sensors 
are combined resulting in an automated separation method. It is based on the optical sensor’s 
or camera’s possibility to detect predetermined products such as water bottles or film and 
automatically activate air-jets that accurately “blow” the desired product away into the 
designed space or container. Also, the optical sensors can differentiate from types of plastics 
and other materials through analysis of the spectrum. This method and use of cameras is 
implemented in a wide variety of situations and can be easily applied to detect colors, unwanted 
materials and activate automatically ejection or separation methods. 

 
Figure 37: Optical sorting (CPGRP, 2020) 

Another common separation method applied to general waste, or as it is common in 
Spain, plastic waste mixed with metal, is the Magnetic separators. These act as a way to 
separate metals and other ferromagnetic materials from the main flow of waste by introducing 
powerful magnetic fields which will attract the metals found in the bulk moving on the belt. 
These fields are usually covered or equipped with a conveyor-like part which is constantly 
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moving and help to push away the metallic waste. Again, this method can be useful for metal 
recycling, but previous and further separation methods are crucial if plastic recycling is the 
goal. 

Under the same umbrella, Eddy Current separators are also widely used to separate 
non-ferrous metals from the rest of the waste, once the ferrous metals in the general flow have 
been removed by magnetic separators for example. Through the Eddy currents phenomena, 
these separators manage to go a step forward in the separation process. Applied at the end of a 
conveyor an Eddy current rotor is installed, which affects the thin layer of waste reaching this 
point by throwing forward from the belt the non-ferrous metals and “ignoring” the non-metals, 
which fall directly by the force of gravity and into the desired recipient. Some examples on 
different magenetic-based sorting methods are presented below. 

 

Figure 38: Magnetic-based sorting methods (Paulraj, S., 2017) 

In the other hand, Flotation methods are also useful and in addition serve as initial 
washing of materials which is an important factor to bear in mind towards best recycling. This 
separation techniques are used to separate plastics mainly, due to their known low specific 
gravity and floating capacity. It is common to see plastics that float being separated from other 
waste such as metals through this method, or even plastics like PET separated from the higher 
specific gravity bottle tops for example. As mentioned, it is useful to filter and obtain a better 
separation and higher quality of plastic waste for further recycling methods. The actual 
functioning of these methods consists on a large tank filled with a liquid consisting mainly of 
water which allows the waste entering the tank to float or sink with the help of air that is 
introduced from the bottom to promote this. From there, there are two extraction points, one 
for the concentrate at the top and the other one at the bottom or tail with the higher density 
parts. Similar to other methods, further interaction with the waste will be needed, both head 
and tail products, to achieve the desired separation. In addition, it is common to have the 
product reaching the flotation tanks previously grinded to facilitate the separation phase as well 
as decrease potential unwanted products to float by being attached to bigger lightweight 
plastics for instance. 
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Figure 39: Flotation column (Wang, C., 2015) 

These grinding methods are frequently seen in different steps throughout the sorting 
phase and are very common in plastic waste handling, as well as uniform distribution machines, 
bag-breakers and many other types of machinery and filters. They are used to introduce 
screening, filtering and separation steps and to increase the quality of the waste and efficiency 
of further separation methods, sometimes without these intermediate “helpers”, the process 
would be impossible to complete. Washing, as mentioned previously, is also an extra step 
needed and commonly applied to increase both features too. It is very important to have clean 
and un-mixed products when entering actual recycling steps. 

Working in a similar fashion to flotation sorting, Air Classifiers are another existing 
separation technique. Basically, these utilize a chamber where air flow is introduced in a spiral 
way, upward current or similar (depending on geometry and desired result), to separate the 
lower density waste from the heavier parts. They are best applied when willing to pull apart 
light materials such as paper or plastics from heavier waste products which won’t be lifted by 
the air current and therefore fall into the desired conveyor or container below. 

Hydrocyclones are also an option, which is known to be used not only in waste 
management but also in many other industries. There is a similarity to the air classifiers forming 
cyclone-like airflows but these work with water. Can be named enhanced gravity separators as 
they use centrifugal force to separate components from the waste fed. 
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Figure 40: Hydrocyclone diagram (Shwerzler, G., 2005) 

As mentioned previously, the importance of the success lies on the optimal combination 
and sequence of the presented methods. Each waste recovery facility will decide what to 
include and how to handle the incoming waste which they might collect directly or buy from 
an external collector. An example of a plant may consist of an initial uniform distributor 
machine to even out the waste on the conveyor reaching the initial manual sorting platform 
where big unwanted and clearly identified products are removed from the general waste stream. 
The waste on the conveyor may pass through a bag-breaker machine before being fed into a 
Trommel screener. Here smaller pieces will fall into a separate conveyor whilst bigger products 
will continue their initial path. The undersized products travel on a conveyor and encounter a 
magnetic separator which extracts metals from the general waste, which usually consists in 
most part of organic waste. The extracted small metal products are also sent to a specific 
container for further treatment or marketing. On the other hand, the big products that followed 
through the Trommel screener are also exposed to a magnetic separator that extracts ferrous 
materials and takes them to the same container that the small ones from the other side. The big 
parts that continue the journey encounter then an Eddy current separator which gets rid of the 
non-ferrous metals, obtaining a metal-free main flow of waste ready to enter an air classifier 
machine. Here heavy and light materials are separated and end up in different conveyors 
equipped with operators ready to sort manually and select wanted products only. The light 
plastics that are not selected or removed by the workers continue to a final baler machine that 
compacts the remaining into a bale which is easier to store and transport. 

This is only an example of plant, to present a possible combination of some existing 
methods to obtain the wanted products to send for further recycling steps. In the exposed case, 
which can be further looked at through the link included in the appendix, no proper plastic 
recycling steps have been done, but the bale is of a considerable quality due to the absence of 
metals and many other unwanted products lost along the way. Accordingly, further steps would 
be needed to achieve a correct separation per plastic type, which is very much needed for 
successful recycling. The existing methods aforementioned in this report are simply presented 
with no in-depth explanations or details, for further information it is recommended to follow 
suggested the reference sources or recommended links and reads found in the appendix of this 
document. 
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ii. Comparison 

As done in the collection side of the process, from the analysis of the existing 
methodologies, a comparison tool has been developed to be able to analyze even deeper the 
situation and innovation potential. Again, for best comprehension of the spider charts review 
the explanation in the Methodology section. 
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Figure 41: Separation spider chart evaluation and comparison 

The separation methods comparison is quite complex, being an image of the actual 
issue, it is a very complex step in the reuse cycle, especially identified by the low level of 
independence seen along all of the methods except for the Manual sorting. This last one is 
considered to be independent as it can be used by everyone and anywhere, seen in the high use 
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level too, and can be employed as initial, intermediate, final or even single stage. On top of 
that, it accepts all types of mixed waste, but for obvious reasons the solution is not great, mostly 
for health-related aspects and low-quality outputs. The amounts of correctly separated waste 
are very low and therefore the main stream of waste continues to be highly mixed, and 
sometimes no more processing takes place, most typically in low-income regions where due to 
low costs, this type is the most common. 

The rest of solutions are hardly never used alone, as can be seen in the low levels of 
independence. As a result, and for increase in quality and efficiency, every method is more and 
more specialized, consequently obtaining some very expensive ones, some more harmful than 
others and many other differentiations. The sorting solutions are mostly used in specific steps 
in the cycle, so they are prepared for that exact task, like the Magnetic separators, followed 
commonly by the Eddy Current separators. 

All of this contributes to the existing fact that it is hard to see a solution being used 
globally as some countries or companies cannot afford seldom mechanisms, or furthermore, 
they have no technology or actual capability to use the separated waste in every step. As a 
result, Manual sorting tackles this situation by employing people with low-salaries to separate 
only desired waste previously specified by the waste management company and ignoring all 
the rest as most may not serve the company. In developed countries instead, as more materials 
can be separated in pure waste piles, more business will be available for the companies. 
However, as stated, this results in having high initial investments, available SotA technologies 
and even trained personnel. 

As for the actual topic, plastics reuse, most of the mentioned mechanisms is not 
specifically designed for such purpose, but rather serve as intermediate steps that enable freeing 
the waste stream from other unwanted materials or bring the separation per plastic type a step 
forward. 

 
iii. SotA & Innovative methods 

Numerous initiatives have sprung in the past years to increase this complex sorting 
process. Most advances in this side of plastic recycling, and all other types of waste, for further 
steps and best waste management, come through the enhanced automation, reduction of costs 
and increase of efficiency of existing processes. Some solutions are presented ahead, for further 
information or research, please see recommended sights included in the appendix. 

However, many start-ups and innovative solutions appear as initial sorting steps to be 
uptaken by users, being it households, shops or industrial waste generators. This, while being 
very different to the existing methods presented in the previous section, are important steps as 
can result in better quality waste streams entering the WRF. Examples can include the 
previously presented smart-bin brands and manufacturers, together with other proposals such 
as the early-stage Russian start-up OAK Eco-technologies, who present an automatic waste 
sorting device for household use through which 3D printing materials are obtained from the 
waste. Bin-e, Polish smart-bin initiative, presents another solution to initial sorting based on 
identification, segregation and placing in relevant chambers, all automated, to have the 
mentioned initial sorting done with no effort from the user side. Other initial sorting initiatives 
can be seen worldwide and are more and more common in everyone’s neighborhood. 
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As stated, this is a great step forward, and the most effective initial separation of waste 
will enable more personalized WRF and result in best quality recyclable waste. Nonetheless, 
the steps taking place in these plants are needed to reach the final valuable product. 
Accordingly, many innovative solutions are flooding the market and receiving impressive 
amounts of investment. 

Companies such as AMP Robotics, Waste Robotics or Zen Robotics offer robotic 
waste sorting systems substituting human pickers or working collaboratively to increase 
efficiency and reduce costs in the WRFs. In addition, other start-ups like Clean Robotics, 
Smarter Sorting or Recycleye target the same step within the recycling wheel through the use 
of sensors, cameras, machine learning techniques and other image recognition devices. All of 
these come from different nations (US, Finland, UK, Canada…), presenting the concept that 
there is innovation going on at a considerable semi-global scale. 

On top of that, there are other existing services which tackle the waste sorting from 
various sides and in different steps throughout the waste chain; this is the case of Greyparrot 
or Rubicon. This last one presents a solution where they develop an initial screening of their 
client’s waste, personalized waste separation and collection systems, all through the 
employment of visual recognition and machine learning tools. Like this they encourage correct 
recycling, initial and intermediate waste sorting and finally through their collection service, 
best disposal to trusted WRF with advanced separation methods. Their goal is to make sure 
that was has to be recycled is, and what can’t is not. In the other hand, Greyparrot uses computer 
vision and AI to increase the sorting efficiency on different stages of the chain, offering 
services from smart-bins and other initial sorting devices, to waste monitoring in whatever step 
to control the process at its best or even implementing automated robotic solutions to identify 
and pick desired objects from conveyors in WRFs (like the previously stated automated sorting 
robotic providers). 

Focusing more on plastic sorting specifically, there are innovative solutions arising too, 
Urban Mining Corp for instance. This Dutch initiative offers a way to enable best sorting 
practices of mixed plastic flakes into highly pure sorted outputs through two initiatives, the 
Magnetic Density Separation (MDS) or through the Umincorp plant. Their MDS technology 
works by creating an apparent density range inside a ferromagnetic fluid, which allows to work 
with several density fractions in a single process. As a result, the outputs are separated polymer 
groups with a 99% purity after one iteration only, being able to work at a 1,5 tons per hour rate. 
In addition, the company states that through their Plant service the total chain of plastics can 
be 75% more cost effective, combining MDS with other services and steps known in other 
WRFs such as cleaning, shredding or cutting. 

On the other hand, Pellenc, a French company who present themselves as intelligent 
and connected sorting for the recycling industry, are also a player to look at. Offering metals 
recycling, waste sorting and plastic recycling machinery, Pellenc is present in over 40 countries 
and is a current market leader. Amongst other more traditional machines, they develop optical 
machines for waste sorting. The innovative technologies they implement vary from near 
infrared, middle infrared and other computer vision techniques. As market leaders, they are in 
constant look for innovative solutions to offer the best sorting solutions available, both in 
general waste sorting and specific material sorting or purification, such as their multi-material 
sorting machine and its film-focused partner. 

Similarly, Norwegian company Tomra offers a wide range of products, both in the 
collection and the sorting side. They create sensor-based solutions to obtain optimal uses in 
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recycling and even food sorting and peeling. Within the sorting machinery they offer more than 
10 different products, each one specifically designed and equipped to be useful in the 
separation of designated materials. Two of them, tagged under Flake, are specifically targeted 
to polymer recovery from mixed plastic inputs. Their near infrared technology, like the 
aforementioned, plays an important role in precision sorting of plastic polymers, enabling 
sorting and differentiation between wide variety of plastics and even metals through the 
spectrometry sensor. This technology can identify and work efficiently separating and 
obtaining purified streams of PE, PP, PS, PVC, PET and EPS, differentiating their particular 
spectral properties. In addition, within the Flake machines, Tomra offers a first-level material 
and color sorting option for PET products (previously grinded) through with to obtain high 
quality recycled PET. Their top position in the plastic recycling market requires their 
continuous efforts on R&D. 

 

c. Conversion 

Conversion is the last step in the waste product’s life as it is, this is where it will be 
turned into another product which may have similar use or nothing to do with what it had been 
in the past. Bearing in mind the fact that the amount of waste reaching this last step is much 
less than that that started the recycling process, where the waste that is not successfully 
separated due to its nature, state or lack of efficiency in the process, is gathered together and 
commonly landfilled or incinerated. The focus of this last section is set on the actual reuse 
processes for the plastic waste collected, correctly separated and in conditions to be turned into 
something new. Once again, solutions are presented as an overview and no detail is included, 
for that, further research and reading on specialized articles and reports is recommended, both 
autonomously or following the suggestions on the appendix. 

It is in this last part of the cycle where the clean, useful and good quality waste is 
actually converted into what will again be a usable, and most important for most, sellable, 
product.  

i. Existing methods 

The most common way of recycling plastic waste is to use it as raw material, 
Mechanical Recycling or manufacturing of new plastic products. It is increasing importance 
and presence worldwide at the same pace that the social awareness rises on the matter. The 
process is widely known, plastic waste that has been successfully collected and sorted first is 
then shredded and cleaned to obtain best quality and unpolluted waste product to be reused. It 
is not uncommon to find these two processes interspersed along the sorting steps at WRFs. 
Nonetheless, the ultimate goal is to achieve a clean and shredded amount of an exact type of 
plastic, so the order can be actually modified depending on other interests or possibilities of 
the waste handler. It is important to remind the fact that every plastic works different and it is 
not possible to mix plastics in manufacturing. This presents the importance of the high quality 
and purity of the separated waste entering the last steps of the process. 

With the help of specialized equipment, these pure flakes are then melted down, either 
directly into new shapes, or most commonly for further compression into pellets. Plastic 
manufacturing companies appear at this stage, buying large amounts of the aforementioned 
pellets to be used in their factories to create their products. Here, depending on the material, 
PP, PE or others, the applications are again infinite. More and more movement into recycled 
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plastics is being experienced both by big corporations and new players, who see in this situation 
an opportunity.  

Considering the presented need for the flakes and waste product to be of high quality, 
there is a clear limitation to the previous process mainly because total efficiency in sorting and 
cleaning is not met yet. As shown in the following image, the best solutions require sorting and 
having high quality source of materials, and at the top, as most important or impactful measure, 
is the reduction of waste generation. From worst at the bottom to most recommended measures 
the following pyramid-like chart is presented. 

 
Figure 42: Waste management hierarchy (Cho, R. 2016) 

As a whole, the non-recyclable waste which is effectively managed has Waste-to-
Energy (WtE) technologies as current best option for its recovery, mainly as thermal energy. 
Accordingly, many systems exist to promote this situation, from the most common direct 
combustion to many other processes whose aim is to produce fuel (solid, liquid or gaseous) for 
further combustion in different ways, as shown in the following diagram. 
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Figure 43: Waste-to-Energy existing processes (Antony, A. 2017) 

With Direct Combustion as leader within the presented techniques, in the US alone, 
around 30 million tons of MSW were burned across their over 70 WtE facilities in 2017, 
constituting the 12,7% of total MSW from that year. This generated close to 14 billion kWh of 
electricity, which accounts for around 1,3 million households’ needs (Electric Choice, 2017). 
Similarly, if all the garbage in landfills or being landfilled today, was treated by these types of 
plants, the number of households powered by this source of energy would multiply by more 
than 10. Considering that nowadays around 500-600 kWh can be extracted per ton of waste 
(Estevez, P. 2006), and bearing in mind the fact that high percentages of MSW are currently 
landfilled can give us an overview of the situation and potential applications and reach.  

Today’s modern WtE facilities have reduced significantly the health effects they 
presented in the past through the redesign of the processes and introduction of in-built filters, 
air cleaners and new complete combustion heat boilers. These facts are the main difference 
from incinerators used in the past or in underdeveloped countries versus direct combustion in 
controlled waste-to-energy facilities. However, electric efficiencies are still at levels just above 
25%, which can actually be raised by introduction of different conditions, but if balanced to 
meet emission concerns, operating costs and energy use, this is the value seen in the world’s 
current WtE plants (Di Maria, F. et al. 2016) (Norman, T. 2011). This solution is of great use 
and is currently being looked into thoroughly for its “simplicity” and capability to manage all 
MSW, with hardly no need of previous treatment or sorting compared to the other technologies 
presented in the previous diagram. On top of that, and as mentioned, it can serve as a way to 
clear or to empty landfills all over the globe recuperating the potential energy in the products 
currently being lost and giving back to the society through energy supply, as well as eliminating 
health and environmental effects derived from landfills, open dumps and incinerators.  
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Not all of the methods to produce fuel are compatible with plastics, but some are indeed. 
It is important to have a look at the liquid fuel achievement through Pyrolysis for example. 
This is a process which enables conversion of plastics into crude oil and similar products 
through high heat levels and no oxygen. For in-depth analysis please look into suggested reads 
in the appendix.  

On the other hand, and as constantly mentioned throughout, most of plastics and waste 
in general end up in landfills, constituting the most common destination for MSW globally. 
Here, recyclable and non-recyclable materials are left to rot, decompose and breakdown 
through Anaerobic Digestion. Bearing in mind that through this process, landfills present 
much higher emissions than waste-to-energy facilities, modern landfills are specifically 
designed to prove protection to the natural environment while providing their usual services. 
As a result, these landfills are built to deal with the gases created within the waste, which are 
mainly CO2 and methane, extracting this landfill gas and sending it to energy creation facilities 
nearby for a process based on gaseous fuel. 

 
Figure 44: Anaerobic digestion process (Dumpsters.com, 2019) 

Similarly, many plants are focused on Gasification methods to extract energy from the 
waste. The MSW is fed into a conversion process at high temperatures where, combined with 
oxygen, produce syngas (CO and H2). This is a very useful product as it can be used in the 
manufacturing of products, fuel creation, fertilizers or simply as input for electricity generating 
plants. Nonetheless, it is considered to not be efficient process due to its high pre-process 
requirements and maintenance costs. 

Other techniques are constantly looked at and employed to obtain liquid, solid or 
gaseous fuel as output and be able to reuse and exploit the embedded energy within the used 
products, both plastics and other materials. Some of the most known are presented in the 
previously shown diagram and all vary in nature and agents involved, but the common goal for 
all of them is the same, to turn non-recyclable or poorly-managed waste into energy. 

ii. Comparison 

In order to have a better overview of the existing methods there is a graphic 
representation of the analysis presented below and a subsequent comparison and discussion, 
which is best understood if the 6 points tackled are fully comprehended. In order to refresh 
these explanations, please review Methodology section. 
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Figure 45: Conversion spider chart evaluation and comparison 

As for the Conversion or Reuse methods, it has been clearly presented that there are 
many options and techniques. However, a specific comparison is presented where, an average 
qualification on Waste-to-Energy methods is presented versus the typical Mechanical 
Recycling of plastics. Bearing in mind that each WtE process is different, this has been done 
to identify best options in the reuse section and compare these two dominant trends one to one.  

Mechanical Recycling is a great solution as it gives an actual second, third or n-th life, 
and therefore the product is still being used once it has gone through the entire recycling 
process presented in this report, enabling much longer lifetimes and uses for the products 
extracted from fossil fuels that where destined to a single-use short life. On the other hand, 
WtE solutions usually involve the burning down or transformation of the waste into other 
substances for burning afterwards, obtaining energy during the process obviously. This is a 
very good way to handle waste, but it is finite as it provides a second life only, no circular 
process is present here. 

It is important to highlight the fact that Mechanical Recycling has a very low level of 
independence, as it is (currently) strictly necessary to have high levels of purity in the plastic 
waste to be recycled into new products successfully (low variety acceptance too), signifying 
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its high dependence on a previous correct separation process. WtE systems can usually work 
independently, accepting all types of mixed waste most of the times and even being useful 
directly from collection, with hardly no separation needed in some cases such as in Direct 
Combustion or Anaerobic Digestion (landfill gases). 

In general, these two alternatives are very different, which makes them complement 
perfectly and be very valid candidates to be used and gain importance at similar paces. The 
only two facts that are considerably similar are costs and use, which again would depend on 
specific technologies being applied and also contributes to a connected growth or development. 

iii. SotA & Innovative methods 

A report from Columbia University from 2011 stated that the amount of energy 
contained in the plastics found all over US’s landfills is comparable to that of 180 million 
barrels of oil or 1 trillion cubic feet of natural gas (Themelis, N. et al. 2011). This signifies the 
fact that if all of this waste was effectively converted into liquid fuel it could be used to produce 
5,7 billion gallons of gasoline and power close to 9 million cars per year. If the fact is 
extrapolated to the whole world, where many nations rely on landfills and open dumps as their 
only waste management practice, the amount could reach unimagined levels. This reinforces 
the fact that the WtE market is actually growing and its presence and innovation is crucial to 
tackle the global plastic and waste accumulation problem, especially in the aforementioned 
landfill-dominated countries. 

Accordingly, new studies are being made constantly to handle this topic, some looking 
at a broader scale whilst other specifying on material type and relying on best sorting practices 
to enhance their conversion applications and develop more specialized methods or processes. 
These innovative solutions take place at labs or come from big corporations in the waste 
management industry likewise. To find out more about the following solutions, please direct 
to the appendix or to the initiative’s website. 

A great example is BioCellection, a piloting start-up from San Jose, California, 
expecting to grow in the Bay Area. Their solution tackles unrecyclable plastics by using several 
chemicals and turns plastic film into consumer goods such as clothing or carpets. This initiative 
targets polyethylene and pretends to tackle the left out plastic goods that are unable to be sorted, 
cleaned or recycled and therefore they try to prevent them from reaching landfills, being mostly 
films. They do so through a process involving cleaning, shredding, heating in a reactor with 
other chemicals for breakdown and stirring and evaporating to remove impurities. As a result, 
they create a golden unrefined product which is then refined into chemical blocks with a white 
powder look, which is the final product to be used by retailers or factories to make a wide range 
of products. As mentioned, this project is in an early phase but their innovative solution is 
unique and naturally catching attention worldwide. 

On the other hand, it is common to see other innovations looking at existing processes 
and trying to improve them or redesign them. This is the case of Cold Plasma Pyrolysis, a 
report showed that trough this advanced pyrolysis 55 times more ethylene was recovered from 
HDPE and about 24% of plastic weight was effectively converted into new products (Diaz-
Silvarrey, L. 2018). The solution presents different advantages, like the fact that the process 
can be tightly controlled enabling easier cracking of bonds in the plastics or the fact that the 
reaction time with cold plasma is actually much faster than regular pyrolysis. Through this 
process plastic waste can be converted into hydrogen, methane, ethylene or hydrocarbons, so 
it can be turned into different valuable products or uses.  
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Other chemical processes being studied may include Dissolution/Reprecipitation 
techniques or Gas Phase Reduction. This last one is an efficient, non-incineration method that 
can be used with plastic mix with great results, ensuring no hazardous emissions. On the other 
hand a study analyzed the dissolution/reprecipitation technique versus typical pyrolysis with 
different plastic waste (LDPE, HDPE and PP) to discover that this is an effective way of pure 
polymer recovery, but it demands high amounts of organic solvents in the process, whilst 
pyrolysis is believed to be the most promising technique according to this study (Achilias, D. 
et al. 2008). 

Along a similar path, other solutions and innovations are focused in the reduction of 
energy needed for the conversion, reducing emissions, increasing capacity and at the same time 
decreasing the need for pre-sorting. Many initiatives, experiments and tests are being made to 
find best ways of handling plastic waste, both recyclable and non-recyclable. Accordingly, in 
congresses and similar, such as the Plastics Recycling Show Europe, uncountable machines 
and uses are presented yearly as a constant demonstration that the industry is growing and 
social concern is too.  

In parallel, new uses, applications and importance of recycled plastics are widely 
known to be springing all over. Many companies and start-ups are trying to Substitute plastics 
directly, whilst others focus on the reuse of this precious and valuable material. 

Solutions such as reusable straws or organic based shopping bags are very common 
nowadays. Abeego and other film substitutes are invading our kitchens to keep food fresh in 
an attempt to reduce the single-use of those plastic products. Researchers from University of 
Illinois have actually found a way to extract petroleum products such as diesel fuel from 
grocery bags, in India, KK Plastic Waste Management forms a compound mixing plastics 
from landfills and asphalt to be used in roads (similar to MacRebur’s solution presented 
previously), construction materials such as bricks, decking or tiles are being made from 
granulated plastics in many different places using great variety of techniques and even Carbon 
Nanotube Membranes are being produced from plastic bags in the University of Adelaide. 
This last material is very strong and light (hundreds of times stronger than steel and six times 
lighter), and is used to produce electronics, wind turbines and many other sophisticated devices, 
which presents an outstanding potential to add to its bright future in batteries and medical 
innovations too. 

Clothing, 3D printing, furniture, shoes, packaging, tools, backpacks, electronics, 
toothbrushes, soaps, construction… The list of uses for recycled plastics is extremely long and 
constantly growing. This is only possible if chemical processes exist to enable the correct 
recycling of plastic waste and plastics are able to be recovered with desired characteristics. 
That is the objective of all the existing methods and techniques who try to play their part in this 
worldwide problem. 

5.3 Awareness 

The first part of the results and discussion focused on the actual reuse cycle and SotA 
technologies in each one of the steps towards plastic reuse. However, there are other aspects 
that need to be looked into thoroughly in order to reach best results while innovating within 
the previously mentioned. Social awareness, researcher’s interest, overall implication and 
many other factors are crucial for the development of the waste management industry, and 
more specifically, plastic reuse and its innovation. 
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It goes without saying that, with no interest; measures and solutions appear slowly and 
ineffectively. That is what powers this second part in the results, where through data gathered 
from a survey and library search, apparent interest is presented, as well as awareness and levels 
of implication, all from a general overview. It is a way to understand the current interest in 
plastic waste issue as a whole, bearing in mind that the target is educated and mid-high income 
population, so it serves as indicative. More clearly, the survey and library research serve as a 
picture taken in May 2020, and therefore are an update of the situation, useful for this thesis 
and some immediate follow-up. The answers and number of publications will most definitely 
vary over the following years, months, weeks and even days. 

i. Survey-based analysis 

The survey was answered by 122 individuals from 6 different countries, mostly 
from Spain and USA (83 and 32 respectively) and from different age groups (highest 
participating group was 50-65 years, with 43’4%). Point out the fact that this segment of 
population actually counts with higher power due to connections, influence, economic levels 
and infrastructure than the second most present segment (18-25, 21,3%), who count with low 
economic power or political influence. 

 

Figure 46: Age segments of surveyed population 

Here, sociopolitical aspects come to scene, as well as education, quality of life standards 
and other related issues. The survey was designed to gain understanding on the view from a 
certain group of people on the plastic waste pollution and reuse issue. The complete survey and 
results are presented in the Appendix (8.a) for further detailed analysis. Nonetheless, some 
particularities were worth mentioning to have an overview of the situation. Therefore, the 
following presents the most relevant and noteworthy results for discussion. 

As mentioned in the Methodology, it has to be reminded that the target was mostly 
people with high levels of income and education from developed countries. All of them, with 
the exception for one participant, stated they believed in recycling as a way to save our planet, 
which presents an apparent high level of interest, which combined with the fact that 86,1% do 
recycle at home present the seemingly high implication rate in the participating group. On top 
of that, 68% of the people would rather buy a recycled plastic product at a medium price 
rather than a virgin plastic one at a cheaper price (4,1%). The rest of the participants 
chose to invest a bit more in a non-plastic product (27,9%). 

Overall, the implication and interests are observable through the survey, however, it is 
important to mention the common trend of unawareness present in the answers. With a 74,6% 
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wanting to be informed on what happens to their waste once collected, responding to 
89,3% stating they are unaware or may have a vague idea, this is clearly presented. In 
addition, wide variety of answers on amounts of waste being landfilled, intermediate levels of 
trust and thought-efficiency of local waste management services, some knowledge only on 
WtE or landfills and value of the waste once landfilled, all serve as indicators that awareness 
of the overall pictures is lacking, even in a highly educated society with economic possibilities 
both personally and as a country or region. 

This, combined with responses for some questions where for example 91,8% would 
enjoy knowing that the energy powering their homes and vehicles comes from their own 
waste generated, or similarly, 91% considers changing their habits after being presented 
only one of the numerous numbers in this report regarding plastic waste polluting our oceans, 
shows the actual effect social awareness could have. As a result, implication would probably 
increase from the only 40,2% who state that are currently involved in a recycling initiative and 
as a whole the wheel would turn faster and at a steadier pace. 

It is true that some questions included are quite specific and only experts or people 
related with the industry are commonly aware. Nonetheless, the actual situation where so many 
people in the studied population recycle at home, even when they mostly agree that they are 
unaware if their task is being useful or not, the local service providers are doing the correct job 
or not, and other answers… presents an impressive achievement, where the sole fact of having 
social awareness could increase the recycling levels and efficiency considerably, as through 
communication and open statements, service providers would at the same time feel obliged to 
comply and do the best practices. 

According to the participants in the survey, the role towards the reduction of plastic 
waste pollution should be led by a combination of players, but the most common answer was 
Governments (33,6%), followed by Entrepreneurs (26,2%) and Schools third (17,2%). 
These answers serve to bring up the aforementioned need for increased level of awareness and 
education, sociopolitical measures and of course, innovation.  

 

Figure 47: Expected players and potential influence in the next decade towards plastic waste 
pollution issue 

On the other hand, the global trend on plastic recycling and substituting present 
worldwide seems to be gaining presence but from the gathered data, some improvement should 
be met to reach objectives. However, it all contributes. 
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It is surprising to see that near 70% of the participants think that over 60% of their 
waste ends up in landfills. On top of that, 84,4% state they know something about the harmful 
effects associated with them, and yet, high numbers are observed in mid-levels of plastic 
substituting or reusing. This is a sign of lack of implication even though the preconceived facts 
should serve to steer their acts towards even more reuse and substituting efforts. Again, the 
trends are clear and these numbers are expected to grow in the foreseeable future. Furthermore, 
the answers respond to an increase of citizen implication towards the need of reusing instead 
of using single-use plastics only, which signifies great advances. 

 

Figure 48: Levels of plastic reuse of surveyed population (1 being never and 5 being very 
often) 

 

Figure 49: Levels of effort put on substituting plastic products by surveyed population (1 
being none and 5 being a lot) 

It is surprising to discover that most of the surveyed population actually recycle at 
home, put effort in substituting or reuse their plastic in some way, whilst presenting total or 
partial unawareness of what happens next, low levels of trust for waste management services 
and other indicators. This is inspiring as through social awareness and promoting the need for 
change and best practices, people are beginning to act even without being able to see the whole 
picture. A great example can be the following. 
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Figure 50: Surveyed population's belief on successfull recycling of their household 
specifically separated waste 

Here, there is an obvious tendency towards the mean, as seen in many surveys, 
however, the answers present that 69,6% believe more than half of their specifically separated 
waste is successfully recycled, while only a 30,4% believe otherwise. According to what was 
seen in the background, around 33% of the MSW is actually recycled, composed or treated in 
other more advanced way in high income countries, whilst lower income presents even lower 
levels too. This, in addition to having the most advanced countries in recycling presenting 
around 50% of household recycling, and the US with a 34% only, combined with the fact that, 
even if correctly recycled at home and destined to recycling facilities, not all the collected 
waste can or is effectively recycled, presents a reality where the successfully recycled waste, 
even if being correctly separated at home, is a low amount of the total waste. Here lays the 
importance of best sorting techniques, conversion methods and responsible and effective waste 
management service providers.  

Similarly, while developed countries state that plastic waste is correctly recycled, the 
current situation shows that most of the shipped waste can potentially be useless and therefore 
ends up not being recycled. This is just another example to represent the need for social 
awareness on the problem to ensure and incentivize household recycling as initial sorting steps, 
as correct separation is one of the most obvious struggles towards effective recycling. 
Therefore, 69,6% of the participants are misinformed on the matter and believe there is a better 
existing situation where high percentages of collected waste are effectively recycled than the 
reality. This response, once again reminding the education, economic power and development 
level of the surveyed population, reinforces the opportunity and need to raise awareness and 
incentivize correct recycling at a global scale. 

In addition, results show that those willing to pay more for a non-plastic product are 
usually in the 50-65 age range, which may be quite obvious. Nonetheless, those who selected 
the plastic product at low prices, are located, 2 in the -18 age range and 3 in the 50-65, which 
is surprising and triggers the thought that income levels play important roles as young people 
are keen on saving money. Older participants therefore present different conducts or patterns 
easily seen. Additionally, it is worth highlighting the fact that out of those who put more effort 
in substituting, more than half of them are over 50 (52,17%). Moreover, if combined with 
those who reuse more, the facts show it is an international trend, where the 7 participants that 
responded with the highest level in both questions come from Spain (4), Philippines (1) and 
USA (2). This presents a new situation, in which the only participant from an eastern Asian 
country actually responded to being applying best practices in the matter, being part of the 18-
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25 age group. As a matter of fact, the current situation where best practices are present in 
different nations with varied cultures, economic power and traditions, rather than only in 
selected locations is very inspiring and positive. 

On the other hand, while observing who are those unlikely to change their habits to 
prevent plastic pollution, or in response to some outstanding figure being presented to them, it 
is surprising to discover that out of 4, half of them are from Spain and the other 2 from Uruguay. 
The population is too small to jump into conclusions but this fact may raise some interest in 
the matter and differences across the globe. 

As a whole, the level of interest in the matter is high when looking at the target 
population, which brings hope and potential innovation targets from a technological, economic 
and sociopolitical side. Furthermore, the actual implication of the population is considerable 
but has still high potential to grow. On top of that, bearing in mind that the survey was presented 
to high-income population in developed countries mainly, even more hope for action or 
initiatives can be extracted to raise awareness in low-income and less-developed countries or 
regions to tackle the issue from many sides and together reach set goals. 

ii. Library Research Results 

As mentioned in the methodology, a specific research in the online resources of the IIT 
library has been done in order to simplify the data search as well as to develop a picture of the 
actual publications related to the topic under study. The findings have been tabulated and 
presented in graphs to enable best comparison and used as a tool to draw apparent interest in 
the topic as a whole. All the values have been extracted on the 19th of May from the Web of 
Science database. 

Firstly, the Boolean search carried out, as stated in the methodology, presented the 
following outputs. The initial searches are not included in the following graph for best 
understanding of the figure as the differences with the rest are too broad. However, it is 
important to have them in mind: the number of publications for the aforementioned where 
39.877 for plastic, 9.046 for waste and management and lastly, 3.027 for plastic and waste. 

 

Figure 51: Boolean search comparison, number of publications in the last two years 
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An analysis observing the presented data can present some thoughts and discussion. On 
one hand, the broader topics such as plastic, waste management or plastic waste, obviously 
present higher number of publications in the last two years. Nonetheless, on the other hand, 
from the more specific key words, those related to more broad topics are more common too. 
The leaders are therefore plastic and waste and energy, plastic and waste and management and, 
plastic and waste and pollution. This presents the idea that there is an existing concern for the 
topic and mostly for the more generic wording such as the aforementioned.  

Regarding the more specific reports and articles, numbers begin to decrease, taking a 
look at the three steps detailed in this report, collection, sorting and conversion for instance. 
The more specific or technologically demanding topics seem to lose weight in the comparison, 
leaving the sorting examples as the lowest amongst the aforementioned steps of the wheel. 
Even a lower number of publications can be seen in response to plastic and waste and 
awareness. This is the lowest example in the comparison. 

In the other hand, other than direct comparison between the different Boolean searches 
and key words, a simple trend analysis has been carried out. Two of the used searches have 
been used to discover the number of publications associated with them in the last decade, 
separated by 2-year slots. The key words used where plastic and waste from one side and 
plastic and waste and sorting from the other. The results are presented below. 

 

Figure 52: Boolean search for plastic and waste, number of publications in the last decade 
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Figure 53: Boolean search for plastic and waste and sorting, number of publications in the 
last decade 
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Observing both graphs, a clear rise can be seen describing a constant increase of the numbers 
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the last timeframe (2018-2020) in the second graph. This is most probably due to the fact that 
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Figure 54: Trending topic comparison based on Boolean search, number of publications in 
the last two years 
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6. Conclusions and Recommendations 

6.1 Conclusions 

1. Status of Plastic Waste Reuse 

This thesis serves as an overview of the current situation and to see the importance of 
the topic more clearly and from a more approachable side, as well as the need or urge to act 
and the actual role of human society as part of the solution. As a whole, plastic waste reuse is 
a very complex issue and a worldwide problem which has been explained partly throughout 
this project, there is much more to the picture. For further, more detailed information, it is 
strongly recommended to follow suggested reads and consult de appendixes along with other 
informative sources available. Below is a very simplified version of the actual cycle of the 
reuse and conversion of plastic waste, both into new products or energy. Starting at the 
consumers, the plastic reuse cycle is explained below. 

 
Figure 55: Plastic reuse life cycle 

It is easily seen that there are three main processes as repeatedly mentioned along the 
report; collection, separation and conversion (mechanical recycling, other and WtE). Having 
confirmed the hypothesis throughout the project, it can be concluded that there is a fourth 
force driving the situation at a much more important level; social awareness and 
implication as part of the solution. Political, economic, social and technological (PEST) 
aspects play important roles in order to tackle the problem and develop new and innovative 
solutions and furthermore, implement them. In addition, as seen in the survey and discussed 
previously, there is a clear lack of awareness of the overall picture and steps involved in 
waste management, which gives importance to this report and the potential solutions 
presented in the following section. 

This project aims to point out this fact and serve both as influence for social awareness 
as well as to raise awareness in the scientific and innovation community to learn how to target 
their efforts best. For the moment, the problem as a whole has been looked into considerably, 
nonetheless, it has been seen that compared to other global problems such as CO2 emissions, 
the difference is enormous. This fact presents the idea that, even though the plastic pollution 
problem has been around for decades, it has been acted upon slowly and there is far too 
much lack of knowledge in general on the topic. A great example is included in the appendix 
8.3, a paper by Dr. Tijunelis and Dr. Escoubas on environmentally responsible plastic film 
packaging that was presented internationally in 1998. Today, 22 years later, the content does 
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not strike as old fashioned, which states both, the visionary approach of the authors and the 
actual slow pace or lack of interest or effort put on the plastic waste problem in the last decades. 
In the paper, there is specific importance drawn into biodegradable plastics. On the other side, 
and as clear indicative, Emilio de las Heras’ master thesis from the IIT (executive summary in 
appendix 8.4) presents a study on possible alternatives to PET in plastic bottles. Amongst his 
results, the existing solutions based on biodegradability are said to be very promising but still 
at early stages. With over 20 years between publications, the slow advance in the matter is 
obvious. 

As a whole, the creation of a map or representation of the global picture backed 
with hard data is very complicated to achieve. There are many reasons for this, like the fact 
that all individuals contribute to waste generation, independently of their country, residence or 
way of living. In addition, many human beings live in poor conditions, marginal communities, 
remote regions or similar and are not reachable by researchers to extract trends and useful 
figures. It is therefore extremely complex to gather the desired data, but some suggestions on 
how to make it happen are included in the recommendations section. 

 

 
2. What needs to be addressed 

a. Collection 

As previously seen, there are many of ways of collecting MSW worldwide. Each 
solution or service responds to a certain trend, tradition or cultural evolution in the particular 
region, city or country, which is usually limited or conditioned by the economic power, 
infrastructure, technology availability and actual state of streets and urbanism.  

It can be concluded then, that while the collection of the plastic waste is a concern, 
the actual methods through which it is being done are useful enough, as long as they are 
actually used or correctly applied. Therefore, curbside collection, drop-off or any other 
existing solution is quite effective and is adjusted and usually adapted to each situation and end 
users. However, these solutions can be improved and personalized to meet communities’ 
demands and provide best services possible.  

Trends towards best practices such as clean, environmentally friendly and non-harming 
solutions are also clear and most innovations in the collection side are either ways to increase 
efficiency, reduce costs or increase collection in areas where no waste management is 
present such as in low income regions or the oceans themselves. This last point of action is 
actually growing bigger as the global awareness and social concern towards the problem rises 
too. Currently, 8 million metric tons enter the oceans every year, which are result of 
mismanagement and failing to be collected, so this is an important challenge. 

• Broad and complex issue based on 3 steps currently gaining 
importance globally and where social implication and awareness is 
needed for innovation at all levels. 
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On the other hand, as seen in the spider chart comparison, there is a clear need for 
collection methods to be able to be used widely around the globe while presenting high 
quality results and respecting health and environmental effects. The road towards this type 
of solution can be varied and there is no right answer. Wecyclers’ model employing locals by 
providing them with cargo-bikes to collect waste in their regions for instance presents a good 
approach to the solution, trying to bring low-cost collection solutions that are friendlier for the 
actual users and neighbors and lastly ensuring correct handling of the collected waste through 
their expertise and good will. 

Other solutions or actions to increase and improve collection methods may bring in 
cultural and political aspects, where through education, a better environment for collecting 
waste can be reached. Measures such as government incentives or pay-back centers are great 
examples of potentially applicable solutions to improve this side of waste management as a 
whole, and consequently, plastic reuse. 

 

b. Separation 

Probably one of the most remarkable steps to focus on for innovation potential. 
The research carried out presents the complexity of the sorting methods and more importantly, 
the actual challenge coming from the fact that mixed plastics are currently non-recyclable.  

On top of that, the differences between low- and high-income regions is clear through 
their technology availability, which is an enabler for high quality separation, mostly by material 
type; metals from general waste for example. Nonetheless, it is still hard and uncommon to 
correctly separate between types of plastic and this is a worldwide challenge. Some 
innovative solutions exist in this direction and through combination of optical sensors and 
mechanical parts, plastics are being effectively separated from one another. The existing 
methods are very different and serve for various specific purposes each, for further details and 
knowledge, machinery providers and specific sorting facilities can be consulted. 

Based on the background, research and survey, recycling at home in developed 
countries is increasing its presence, this gives hope as it actually serves as an initial separation 
process, which is of great help. Through this increase and finally reaching best practices and 
set goals such as 65% house recycling rates in Europe by 2035, an impressive amount of plastic 
and other materials will be much easily sorted from their alike rather than from the general 
waste streams in MSW. The opportunity to further enhance both household sorting 
techniques and technologies to separate from similar products in most effective and 
efficient ways rises from this situation.  

As seen in the spider chart comparison, most separation methods are very specific 
and are unable to work independently, being always used in series with other techniques to 
complete desired separation. On top of that, the most common sorting technique at a global 
scale; manual separation, has some positive aspects such as cost, variety acceptance or 

• Need to implement responsible, friendly and effective methods in 
regions and areas where poor or no collection is taking place. 
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independence. However, the solution has many cons, being the most obvious its unfriendliness 
as well as its lack of effectiveness or low output quality.  

Additionally, it has to be mentioned that there are different needs or processes to bear 
in mind, one is the general separation (i.e. plastics from other garbage), and on the other hand, 
the sorting of plastics from other plastics depending on their type. These two can be found in 
series but also plastic sorting alone can be seen when handling effectively collected waste from 
household or streets.  

The facts extracted from the research show the need to look into device innovation to 
design solutions that can improve the actual system’s drawbacks, both for general sorting and 
plastic only. An aspect to consider while innovating may be the need to reduce human labor 
for example, which can result in increased efficiency, friendliness due to the reduction of 
health effects and exposure, increased capacity, quality and even reduction of costs in the 
long run.  

 

c. Conversion 

It is clear that uncountable uses are springing up to give use to recycled plastics, both 
as a real sustainable solution tackling plastic pollution or as marketing or positioning strategies 
due to the increasing interest in the matter. Nevertheless, they both work. Many products and 
brands are presented throughout the project as applications of mechanically recycled plastic 
waste, which is effectively used all over the globe as raw material for manufacturing, while on 
the other hand, solutions for direct reuse are also valid.  

Mostly, the traditional recycling of plastics is based on pure plastic waste and 
existing methods actually work adequately. As a recommendation for follow-up and deeper 
investigation, consultation of handbooks on the topic is highly recommended. This common 
solution is great as plastics are reused and converted into a new product, which will hopefully 
and eventually end up as waste to be recycled again and start over. Therefore, one of the most 
challenging issues is to ensure best quality of the plastics once they are recycled and that 
there is no loss of the products’ properties through the process. Moreover, this is the 
principal problem with mixed plastic waste; it is very hard to recycle into new and useful 
products, and that is why separation is currently so important. 

On top of that, separation processes prior to the common plastic recycling have to be 
very precise and deliver good quality materials for effective manufacturing of useful products, 
which presents a good innovation potential; the current mechanical recycling from mixed 
plastics presents a high level of complexity and immaturity, and therefore it is not 
common nor feasible even. This is therefore an identified challenge, as it is of great 
importance to invest time and resources in the recycling of mixed plastics and associated 
techniques. R&D is obviously needed to incentivize and make substantial progress in the 
matter. 

• Need for further look into device innovation for most effective 
separation at any step. 
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Through evolving on this topic, and being able to recycle mixed plastics in the near 
future, less importance will eventually be given to sorting of plastic waste once it is separated 
from the general waste streams, either by the users at home or in the facilities. As a result, 
much easier and efficient processes would exist to create pellets to serve as raw material for 
the manufacturing of products derived from used plastics, independently of being mixed or 
pure plastic waste. These specific developments should appear as innovative technologies, 
machines or combination of processes and therefore need investigation and implication from 
the scientific and industrial community. According to the library research carried out, the topic 
is driving more and more interest over the years and presenting significant growth on the 
number of publications, however, it is clearly seen that this number of papers and articles on 
the issue is still much lower than that of other trending topics. Research on the whole topic is 
needed, and more specifically on the possibility to convert mixed plastic waste into useful 
raw material for manufacturing. 

On the other hand, it has been clearly seen in the survey that there is willingness and 
desire to use energy derived from our own waste as a power source. This again presents a great 
point to bear in mind when thinking about where to focus efforts and interests. Waste-to-energy 
solutions are not as great as mechanical recycling, mainly because the products are given a 
second use but there are no possible further uses. In addition, emissions and other 
environmental effects have to be looked at in depth depending on the technology as bigger 
carbon footprints are associated with these techniques than the regular plastic recycling. It is 
very important to provide solutions that are both effective and clean. Even though modern WtE 
solutions are already handling hazardous emissions and similar environmental threats quite 
positively, an opportunity for innovation appears to increase the actual energy extracted from 
waste increasing the efficiency levels of these plants. On top of that, the management of the 
remains is vital for best deployment of WtE solutions, which is also important to bear in mind 
while designing new methods or facilities.  Existing techniques are very varied and detailed 
information can be discovered through handbooks and reports who focus on specific solutions. 

As a conclusion, openness of the population to these type of plants, current 
advances and SotA technologies present a great opportunity for innovation. Furthermore, 
the possibility of implementing these types of reuse or conversion methods with mixed waste, 
or even with waste which is currently landfilled for instance, drives even more interest to them. 
WtE solutions can be looked at as a way to use waste for a purpose and extract value from 
what apparently has none left, even if it is already polluting the environment, oceans or 
landfilled long time ago. At the same time, this presents innovation potential for new 
collection methods to supply WtE plants (from oceans, landfills, rivers, streets…). 

 

d. Awareness 

Last but not least, the social side of the wheel presents a high potential for 
innovation as it is the key for best practices and the actual implementation of existing or 
new solutions that may appear over the years. Through social awareness and implication, 

• Currently, mixed plastics cannot be effectively processed, so more 
research and effort are needed to improve this, both on traditional 
recycling, WtE solutions or other. 
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goals and a brighter future can be reached, whilst through innovative technologies with 
no social implication, there is hardly nothing to be done. This is a strategic challenge, and 
perfectly orchestrated leadership and education programs will be needed to innovate and 
deliver the desired progress from the PEST side of the matter. 

Results from the survey show that there is an obvious lack of awareness in society 
towards many aspects of plastic reuse and general waste management. Besides, the target 
population consulted was mainly highly educated adults from developed countries, which rises 
even more the need for action as poorly educated people from less-developed regions may 
present lower levels of knowledge in the matter. This should be confirmed through a further 
study. The existing potential to increase awareness worldwide is impressive, and together 
with it, comes the overall benefits of having a better-informed population that, through 
education, will know what is correct and what is not, and how to manage their waste in the best 
ways possible to increase their quality of life amongst other benefits.  

As a matter of fact, this is both an opportunity and a big challenge, as it is extremely 
complicated to educate or change the traditions or logistics in entire countries or regions and 
to drive trends. Accordingly, innovation is crucial to ensure things are correctly done, 
awareness is raised effective and responsibly and social implication is guaranteed and 
beneficial for all. Strategic balanced solutions through combination of PEST aspects, 
tailored to each region’s tradition and culture will be needed to reach expected or desired 
goals. 

Through legislation, incentives and other measures, social education towards a shift in 
traditions and habits should be addressed. These have been part of everyday lives for most 
population, which presents a high complexity level to the challenge. As a result, innovation is 
a key enabler to reach the desired goals. Achieve social concern, increase reuse of plastic 
products at home, reduce or eliminate single-use plastics, manage to improve plastic 
substituting efforts and many other small steps can and should be reached to develop a brighter 
future. This is only possible through PEST innovation combined all together, where 
governments are already having the most important role.  

 

6.2 Recommendations and Follow-up 

Having identified the trends, challenges and potential focuses for innovation throughout 
the whole project and more specifically mentioned in the conclusions; recommendations, 
innovative solutions and follow-up actions are presented in this section to serve as addition to 
the conclusions and as starting point for further innovation and research for anyone interested 
in the topic. The nature of these proposed ideas is varied, from more technical or research 
aspects to logistics, economic, political or social too, all looking at the whole picture or from a 
narrower scope focusing on a specific step in the plastic reuse complex situation. 

Based on the complete list of recommendations and follow-up presented in the 
Appendix 8.b, those that are believed to be most valuable are presented and detailed below. 

• Lack of social awareness on plastic reuse and waste management 
presents great opportunity for action and innovation.  
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The selection has been made having in mind potential impact, accessibility, affordability, own 
evaluation and social responsibility of the presented measures. 

 

1. Increase Mixed Plastic Processing Effort 

It is the biggest problem, innovation on processing of mixed plastics for reuse to serve 
as raw materials for manufacturing new products is vital. As stated, pure plastic waste is easily 
reused, so more research on the mixed plastics processing is highly recommended and even 
more, needed. For this purpose, more effort, time and money should be targeted by researchers 
and corporations towards finding these types of solutions. Amongst other benefits, this will 
eventually result in less importance on the separation side and increase of amounts of plastic 
waste recovered at a global scale. 

 

2. Worldwide Platform 

Creation of a worldwide platform for service providers, from collectors to governments 
or sorting facilities and manufacturers, to constantly inform on the amounts and state of 
gathered or processed waste. This is a proposed way to reach the goal of obtaining useful hard 
data on the topic. Eventually a global picture can be reached, through which easy comparison 
could be done and best practices perfectly identified. Ways to gather this information vary from 
surveying population as done in this report, ensuring collaboration of governments and NGOs 
for the common benefits, interviewing first hand informants and service providers willing to 
contribute with their operative facts and figures. 

From the experience gained in this report it can be said that surveys are great tools to 
understand current situations and innovation opportunities. As a result, it is recommended that 
entrepreneurs, governments, NGOs and researchers develop surveys or similar methodologies, 
depending on the target population, to most clearly identify trends and best fit for existing 
solutions or challenges to overcome through innovation. This will serve as input for the 
platform and the understanding of global situation. Example questions can be seen in the 
appendix b. 

Additionally, the platform can provide extra input for countries or regions who are 
struggling economically, which could be useful and serve as an incentive for ensuring 
participation and implication. This economic benefit can be related to interested parties such 
as startups or corporations who would pay for desired data for their own interest and 
exploitation. As a result, a much more aware society and an accessible source of data and 
information would be achieved, beneficial both for governments, NGOs and companies and 
entrepreneurs, as well as researchers who would want to expand on the topic.  

The platform would have to be website-based in order to enable easy consultation from 
anywhere, as well as to provide the information in real time due to its easiness to be updated. 
For its deployment, specific team and organization should be created and close relations with 
service providers, innovators and governments will be crucial. Also, the platform can serve as 
a communication channel where individuals or companies from different regions can learn and 
get in touch with others in similar situations who might have been impossible to reach as for 
today. Specialized NGOs or internal teams could also spring as promoters of the service and 
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help people in less developed regions by giving them access to the information, best practices 
and overall use of the platform. 

An example of an existing platform currently working in a similar way is the 
International Energy Agency (more info in appendix 8.1.iii). Through 30 member countries 
and other associated participants, the platform gathers and presents data on energy related 
topics such as fossil fuels, emissions, renewable energy and others. On top of that, they provide 
a whole section providing information on policies and another focused on technology and 
innovation. As a whole, it serves as a way to understand the past and monitor and present the 
current situation of the energy world as well as introducing forecasts and near future predictions 
on the matter. 

 

3. Local Micro-Hubs 

Incorporation of local micro-hubs to incentivize, reward and promote recycling and 
correct disposal of household waste. The aim of this solution is to have small local facilities 
managing the waste of their nearest inhabitants in the most effective and adequate way, 
depending on the region’s features and possibilities. So, it may work as a buy-back center, 
drop-off, curbside or personalized service, depending on the needs. In the end, the idea is that 
it can be easily introduced in most communities and serve as a way to incentivize best waste 
management practices at local levels. 

Depending on the final services given in the micro-hubs, different benefits would 
appear. The solution may work similar to drop-off centers, requesting waste disposal through 
education and awareness campaigns, but at the same time emphasizing the proximity and 
friendliness as the micro-hubs would be present in every neighborhood for communities to 
dispose all kinds of waste easily by receiving local benefits while doing so. Such benefits would 
serve as support for local businesses. At the same time, these micro-hubs would ensure best 
waste management practices for future steps, mainly by screening and initially sorting the 
waste and selling it to trusted service providers for example. 

Through this solution, jobs would be created in the micro-hubs, collection costs would 
be cut down and support and visibility would be given to local businesses through coupons, 
discounts and rewards given at the micro-hubs. This solution is applicable to all types of cities 
and communities, as the micro-hubs would be designed for the exact location and traditions, 
benefiting directly the neighbors through the aforementioned. It is therefore similar to the 
Wecyclers solution but presents a higher personalization aspect, as a micro-hub in Switzerland 
could be eventually fully automated and based on curbside collection through autonomous 
vehicles, whilst a micro-hub in India would work for combining buy-back and drop-off through 
a more formal relationship with waste-pickers or regular inhabitants directly, avoiding waste 
accumulations in streets and ensuring waste is not open dumped or incorrectly landfilled once 
collected. 

It is highly recommended to look at mobility micro-hubs as reference and best 
comprehension (see reference in appendix 8.b.2.ii), and on top of that, consider the potential 
combination or inclusion of waste management stations in the existing mobility micro-hubs. 
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4. Incentivize Reuse and Recycling 

As a social improvement and working towards minimizing plastic waste production, 
incentivizing reuse at homes is a recommended option. This can be done by promoting the 
combination of bulk shopping and having smaller reusable recipients at home for instance. 
Similarly, promoting substitutive products through awareness campaigns, economic benefits 
and similar rewards both to consumers and manufacturers is interesting and recommended.  

The overall objective of this solution is to reduce the amount of plastic waste generated 
through the education of the citizens and modification of existing trends, products and habits. 
Therefore, social awareness is a key enabler to succeed. This education can be targeted through 
animated TV shows for kids, Facebook and Instagram ads, documentaries in streaming 
platforms, increasing appearance in TV news, local action campaigns, inclusion in school’s 
syllabus and many more, all willing to contribute on the social awareness for best practices to 
be introduced. 

Legislation could be used to ensure products are sold for bulk shopping or for refilling 
of personal recipients only for instance. As an example, a customer can go to the store to buy 
soap and either buy a big bottle to refill his or her smaller one at home, or directly refill at the 
store and pay for the amount bought. Through this solution, reduction of packaging single-use 
plastics is clear, and in addition, space for innovative product design for home, personalized 
recipients for toothpaste, soap and food of many types is created. The design of such recipients 
is both an opportunity and an enabler of such shift of trend and therefore is something to have 
in mind. 

As a result, the solution is a combination of giving society the tools and telling them 
why. Through the awareness increase people will be more friendly and willing to change their 
habits, and solutions such as the bulk shopping mentioned will serve as tools to make it happen 
and act. 

Many initiatives exist worldwide that contribute to the cause, an example is the Sanex 
Ecopack (find image in appendix 8.b.5.iii) which holds 3 times more amount than a regular 
shower gel and is made of recycled plastics mostly. It is thought of to be bought and poured 
into particular recipients to be reused and therefore results in the use of 75% less plastic in the 
end. Similar initiatives in other not so common areas such as toothpaste as previously 
mentioned can widely contribute to a significant reduction in plastic and eventual waste 
generation. 

In conclusion, the recommendation is to think big and try to introduce a shift in habits 
and traditions such as the aforementioned bulk shopping of household products or other 
initiatives that contribute to this cause.  

 

5. Enhanced WtE Solutions 

Improvement of conversion techniques for WtE solutions and increase in their 
efficiency is also highly recommended. However, this is at a more advanced state and many 
innovative solutions are already being looked at. Enhanced WtE solutions of any type, 
including mixed waste inputs and acceptance, recuperation of landfill, open dump or ocean 
waste, reduction of carbon footprint and best disposal of hazardous waste derived from burning 
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or similar amongst other improvements. As a whole, there is need to develop ways to reduce 
associated costs and emissions and increase efficiency of WtE plants to serve as effective 
power supplies.  

Once more, the development or best implementation of advances will be directly related 
to other steps such as collection or sorting and the future of such. This fact can serve as double 
sided innovation, as by increasing WtE plants’ capacities and acceptances, new collection 
methods might appear to correctly gather unwanted waste in less developed region’s streets, 
landfills or beaches. Again, being a wheel, innovation in one side can, and most probably will, 
serve as trigger for other innovations, resulting in overall steps forward. 

 

6. General follow-up and updating of this report 

It is recommended for researchers and experts to use this report as basis for further 
development and build on the information and research carried out to present the situation in 
an updated and more advanced way. Once more, this report aims to serve as trigger for 
innovation or interest in the matter, so it is created in part to be reused as literature and back-
up for other researchers who tackle the topic in a near future. 

Updating the evaluation method of spider charts both by experts’ own evaluation or 
improving the survey by introducing bigger populations and more detailed questions, will serve 
to have a more quantitative and realistic view on what is needed and where. On top of that, 
many more services and processes can be introduced in the spider charts so that the comparison 
is even more useful. 

As a whole, further development of all that is introduced in this report will serve to gain 
more understanding on the issue and eventually identify best opportunities for innovation to 
advance in the fight against plastic waste. 

 

7. Support and promote affordable and responsible collection solutions 

Lastly, after having seen the conclusions reached throughout this project, it is highly 
recommended to develop and support initiatives that provide waste collection services to areas 
and regions where hardly or no collection is taking place. It is urgent to tackle the increasing 
amount of waste reaching the environment, and this can be done acting in many areas and 
regions, ideally through best practices and respecting both, environment and humans. 

This can be either supporting and promoting initiatives such as Wecyclers or The Ocean 
Cleanup, or implementing and developing new ones. The aim of this recommendation is to 
work to increase the amount of collected waste globally, both from households and from the 
environment, resulting in an improvement of life quality and reduction of environmental 
effects. While at the same time, helping local communities and providing jobs and stability 
whilst ensuring best waste management is deployed. Basically, Wecyclers is a great example 
for inspiration and follow-up as it is an organization providing an innovative solution with 
many benefits and low investment, succeeding also as a lucrative business, which is also 
important so that people are willing to look into these kinds of solutions. 
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8.2 Recommendations 

1. Hard data collection-based enhancement for attention increase 

Further, more detailed hard data gathered to describe the current situation in an accurate 
way both globally and at local level. This task can serve as basis to develop further innovative 
solutions and businesses as it can be pointed out clearly where focus should be set and how can 
new services be included. The ultimate goal is to have best knowledge of existing situation to 
enable entrepreneurs, NGOs, governments and bigger companies to be aware of current 
solutions and catch their attention.  

Ways of generating value from the current picture can be extracted from data gathering 
processes, and subsequently, as interest effectively grows when money is involved, best 
solutions can be developed to match the necessity and challenges seen.  

As a whole, hard data gathering will be a useful way to raise awareness both socially 
and at an organization level and will serve as backbone for progress in many ways. It can be 
useful for NGOs who will be able to learn more about the topic and where to act and how. 
Provide more facts for R&D projects and serve as motivation, inspiration and to find support 
and investment. New business models will be developed, resulting in new solutions benefitting 
the communities and the entrepreneurs themselves as clear benefits will be envisioned. 
Governments will be urged to respond by incentivizing change through their obvious impact 
power. 

Therefore, I highly recommend the gathering of hard data to better understand the 
situation and the market in particular, because it may be sad but, economic benefit always is a 
triggering aspect towards innovation and new solutions. Some possible ways to collect such 
data may be: 

i. Governments and companies collaborating with NGOs willing to tackle the 
situation and having people on the ground gathering the desired data. NGOs can 
receive funding for other tasks or projects while combining their actions with the 
common goal of understanding the situation to, together with the other players, find 
solutions. This data could be gathered by the NGOs by gathering info from their 
experience and what they find out by being in the region and talking to the 
inhabitants. Collection can be done on computers or paper to present afterwards to 
governments. 

ii. Through surveys such as the one carried out in this report but conducted by big 
organizations and governments to reach as many people as possible for optimal 
results. These can be specifically targeted to regions, countries or even topics. 
Through well designed surveys, opportunities and best fit of existing solutions can 
be met. An example question to understand such thing can be: Which of the 
following collection method would work best in your region? This would provide 
information on how does people feel about their regions and their neighbors and 
also what are potential solutions to look at in each region, extrapolated to similar 
regions that have not been surveyed for instance. 

iii. Creation of a worldwide platform for service providers, from collectors to 
governments or sorting facilities and manufacturers, to constantly inform on the 
amounts and state of gathered or processed waste. Eventually a global picture can 



A STUDY OF PLASTIC REUSE INNOVATION  

 
 

89 

be reached, through which easy comparison could be done and best practices 
perfectly identified. Extra input for countries or regions who are struggling 
economically could be useful and incentive for ensuring participation and 
implication. Afterwards, interest parties such as startups or corporations could pay 
for desired data for their own interest and exploitation.  

An example of an existing platform currently working in a similar way is the 
International Energy Agency (https://www.iea.org).  

iv. General follow-up and further development of this report by updating the 
information, introducing new SotA initiatives and improving and expanding the 
presented evaluation through the spider chart comparison amongst other stuff. 
Experts and researchers can add significant value and build on it by presenting best 
and updated quantitative results. 

2. Innovation for a cleaner more responsible and increased collection 

As the first step towards correct waste management and ensuring further applications 
are actually possible, collection has great importance. Millions of tons of waste are discarded 
directly or dumped disinterestedly every year, failing to be collected and ending up in oceans, 
rivers, beaches and sidewalks all around the world. This quick statement presents the huge 
potential for innovation as the situation is totally open for improvement.  

Through innovative collection services, not only household or daily generated waste 
can be better managed, but all the landfilled and uncountable tons of waste in nature can also 
be collected for further treatment. Solutions such as the Ocean Clean-Up present a clear 
example on how to innovate technologically and create a device or system that can collect 
waste with no human interaction whilst doing so. In addition, this is a solution targeting waste 
already polluting the environment, while other solutions tackle the problem from another side 
by preventing waste to enter the environment. 

Also, the actual situation where there is a lack of collection observable in many 
countries who rely on waste pickers, such as India or South Africa, brings to light the need for 
innovation to address it. Once again, solutions such as Wecyclers are steps towards a better 
waste management in these countries. The recommended solutions need to be cheap, socially 
friendly and simple in order to be deployed in low-income regions. 

On the other hand, incentives and benefits can be a key turning point to increase the 
collection and participation of citizens in the topic. Further detail on this kind of sociopolitical 
solutions is presented in a separate point below. However, it is important to mention the 
innovation not only from a legislation side, but also as a way to present new collection services 
for citizens such as the buy-back centers or the deposit/refund programs. Similarly, different 
approaches on how to organize container disposition and how to distribute waste depending on 
the containers play an important role and affect directly on how to recycle at home, how to 
collect and the need for separation plants. 

Moreover, most startups and innovative solutions in the field focus on reduction of 
costs, personalization of services and optimization of routes and capacities. This is also an 
identified, and existing, innovation potential. 
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Lastly, innovation will also appear regarding transportation. Existing modern solutions 
combine traditional solutions like drop-off collection with electronic vehicles, but with the rise 
of automated vehicles and AI, this will most definitely move to a whole new level. 

Some targets for innovation within the collection of (plastic) waste may include: 

i. Fully automated electric vehicles in urban areas, who through machine learning, 
AI and sensor-filled containers, decide their own routes for automated pick-up and 
deliver at the regional facility when filled up. This is a combination of existing 
services using sensors to determine the most cost and time-effective routes, the 
growing trend and use of e-vehicles and the rising presence of automation and AI. 
Low collection costs, optimization of processes, no emissions associated and 
human labor released from undesired job-related situations. 

ii. Local micro-hubs to incentivize, reward and promote recycling and correct 
disposal of household waste. Solution similar to drop-off centers, but emphasizing 
the proximity and friendliness as the micro-hubs would be present in every 
neighborhood for communities to dispose all kinds of waste easily by receiving 
local benefits while doing so. Through this solution, jobs would be created in the 
micro-hubs, collection costs would be cut down and support and visibility would 
be given to local businesses through coupons, discounts and rewards given at the 
micro-hubs. This solution is applicable to all types of cities or communities, as the 
micro-hubs would be designed for the exact location and traditions, benefiting 
directly the neighbors through the aforementioned. 

More information on existing mobility micro-hubs at www.mobihubs.eu. 

iii. Innovative solutions to gather and collect waste from oceans, rivers, streets and 
landfills. Ways to recollect the “unwanted” waste that has been discarded by 
today’s mismanagement or negligence acts in the past. 

iv. Benefit from existing innovative solutions such as automated security patrol 
robots in parks or streets and build on them by introducing a pick-up device in their 
mechanism for waste found on the floors or plants they may encounter while 
patrolling for example.  

v. Look into and develop innovative solutions and services such as Wecyclers. 

 
 

3. Development or improvement of existing separation techniques at any 
stage of the cycle 

One of the most complex steps in the whole plastic reuse wheel, where many innovation 
and technology has taken part over the years. Nonetheless, there is always room for more. New 
devices for increased efficiency and reduction of steps are great advances, as well as fully 
automated sorting machines too. On the other hand, the need to have pure, high quality output 
products resides in the nature of the input too. Therefore, innovation for initial separation steps 
and techniques is also vital. 
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Overall, innovation in the separation side should move towards or through the 
following: 

i. Increase in efficiency, independence and variety acceptance of existing separation 
technologies or through the ideation of new ones. This can only be done through 
researchers, manufacturers and experts in the matter. Therefore, extra effort is 
recommended towards improving the existing technologies and enabling wider 
variety inputs and best performance over the years.  

ii. Ensure first separation steps to be done correctly, this means household recycling 
and sorting, which can be done manually or through the deployment of solutions 
such as smart-bins or other innovative devices or habits. This solution is tied to 
other aspects such as collection or sociopolitical measures as education is needed 
to include new habits and the household sorting has to be backed up by the 
collection services for effective implementation.  

iii. Reduce costs and incorporate automation at a wider level for labor substitution and 
health related effects diminishing. Cobots, machine learning and AI as a whole can 
be interesting paths to approach this solution for instance. Actually, human labor 
can be either substituted or provided with help and support for best performance, 
through incorporation of cobots for instance. 

iv. Incorporate legislations to unify plastic type with specific colors to simplify 
sorting. Through this “simple” step, separation per plastic type becomes much 
easier to be done both for machines and humans, which will result in increased 
efficiency, quality of the output and decrease of the amount of unsorted waste. 

 
 

4. Research and discovery of effective mixed plastic waste conversion 
processes 

As presented previously, the major innovation potential identified in this side would be 
the actual research and development of an innovative solution for processing of mixed plastic 
waste for reuse. Further research and resources should be drawn into this topic as it can play 
an outstanding role through the simplification of the process and the actual reuse impact.  

On the other hand, plastic combinations and uses for unrecyclable waste are also 
recommended to be taken care of. The amounts of unwanted waste are impressive, both being 
generated nowadays or generated many years ago but still existing.  

As a whole, innovative ways to reuse this kind of waste with no apparent use or value 
are very necessary. As mentioned, pure plastic waste conversion or reuse is considerably 
controlled, it is mixed waste processing that needs extra research and innovation. Some 
potential ideas or focus areas can be described below: 

i. Enhanced WtE solutions of any type, including mixed waste inputs and 
acceptance, recuperation of landfill, open dump or ocean waste, reduction of carbon 
footprint and best disposal of hazardous waste derived from burning or similar 
amongst other improvements. As a whole, there is need to develop ways to reduce 
associated costs and emissions and increase efficiency of WtE plants to serve as 
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effective power supplies. Once more, the development or best implementation of 
advances will be directly related to other steps such as collection or sorting and the 
future of such. 

ii. Innovative processing of mixed plastics for reuse to serve as raw materials for 
manufacturing new products. As stated, pure plastic waste is easily reused, so more 
research on the mixed plastics processing is highly recommended and even more, 
needed. Amongst other benefits, this will eventually result in less importance on 
the separation side and increase of amounts of plastic waste recovered at a global 
scale. 

iii. Discovery and development of new uses and applications for non-recyclable 
plastic waste such as additives for construction or filling for many situations such 
as cementation and other. For this solution, further research, piloting and startups 
are totally encouraged. These potential applications serve as other ways to use 
mixed plastic waste enabling the desired reuse in a direct way (startups) or enabling 
others to do so (research). 

iv. Development of DIY methodologies to convert and reuse plastic waste into useful 
products. Examples can be making home lights from plastic bottles, tiles for 
rooftops or even boats from used plastic bottles. However, this recommendation is 
not limited to these kinds of solutions, also, DIY solutions as for how to convert 
plastic waste, maybe melting and turning into new products or used for 3D printing 
at home can be interesting to develop for the future. DIY methodologies serve as 
great hope for innovation as the replicability is enormous, and ideally, people from 
all over the globe will eventually be able to apply the identified solutions. Simple 
DIY reuse of plastic waste are available nowadays and do not require technological 
development, but on the other hand, for more complex DIY conversion, effort in 
technological or processing steps will be needed, including safety as a very 
important player.  

 
5. Sociopolitical measures to raise awareness and drive change 

It has been presented throughout the whole project that the sociopolitical side of the 
problem is of great importance. Accordingly, innovation in education and rising awareness is 
crucial due to the complexity of modifying traditions and habits all around the world. There 
are many approaches to be considered, whether the need is to share knowledge on the issue or 
it is to basically to incentivize plastic products’ reuse for instance. However, all of the solutions 
are driven by social uptake or participation. 

As a result, governments, schools and organizations need to work hard on the awareness 
issue as it is the initial step towards reaching new habits and best practices: If the population 
does not know there is a problem, how can their habits change towards solving it? 

Change must be driven by governments but they should work closely with other players 
such as NGOs and educational institutions, as they might be closer to the end user and can 
serve as effective transmitters of the global picture, effects and need for action. 

However, through legislation and bans, great impact can be achieved. Solutions such 
as the plastic bag bans in Kenya and other countries and cities are clear examples of ways to 
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ensure lower levels of plastic waste are being generated. Nonetheless, it has to be mentioned 
that all solutions need to be backed and supported by other measures. Even if no plastic bags 
are used in a whole country, which is a great step forward, the rest of the waste management 
and plastic waste generation might still be a problem. Here is where other types of bans and 
legislations can also intervene to, together, create impact and change the population’s habits, 
because; through legislation, awareness is raised rapidly. 

It is important to incentivize the act of reuse and through it to enlarge plastic-based 
products’ lives. This is a clear challenge as it needs an enormous shift in habits for people to 
incorporate reuse in their day to day lives. Most packaging is “needed” to be made with plastics 
due to its undoubtable features, however, if products such as shampoos, perfumes, tooth pastes 
and similar are sold in bigger packs, that can serve a whole family for longer periods of times, 
and on their side these families count with reusable metal or glass products that can have better 
looks and be personalized, a clear reduction of plastic use can be seen. This is the case seen in 
bulk shopping and is a solution to reduce packaging waste as a whole, nonetheless, and as 
aforementioned, the shift in social traditions plays an important role towards success. 

An example can be seen in the Philippines, where in some regions salaries are paid per 
day or week rather than monthly, and as a result or consequence, many consumer goods are 
sold in single-use fashion. Cigarettes, shampoos, food and many other are sold in small, 
individual, plastic-based packaging very commonly. How can this be steered towards buying 
in bulk and thinking ahead to afterwards distribute the products in smaller, reusable recipients 
at home? 

Some examples of sociopolitical measures that can significantly contribute to this 
solution and that can serve as ways to move forward in the reduction of plastic waste, increase 
in awareness and reaching of best practices are: 

i. Ban commercialization and manufacturing of packaging or consumer goods 
made with different plastic-type components as this presents higher complexity 
or impossibility to correctly separate for recycling.  

ii. Similarly, incorporate laws or similar measures to unify plastic types as a whole. 
For example, all packaging goods in the region made of plastic type 2. This would 
allow much simpler separation on following steps as most of the goods would have 
same materials. 

iii. Incentivize reuse at homes by promoting the combination of bulk shopping and 
smaller reusable recipients at home. Similarly, promote substitutive products 
through awareness campaigns, economic benefits and similar rewards. The 
objective of this solution is to reduce the amount of plastic waste generated through 
the education of the citizens and modification of existing trends, products and 
habits. Legislation could be used to ensure products are sold only for bulk shopping 
or for refilling of personal recipients. As an example, a customer can go to the store 
to buy soap and either buy a big bottle to refill his or her smaller one at home, or 
directly refill at the store and pay for the amount bought. Through this solution, 
reduction of packaging single-use plastics is clear, and in addition, space for 
innovative product design for home, personalized recipients for toothpaste, soap 
and food of many types is created. The design of such recipients is both an 
opportunity and an enabler of such shift of trend and therefore is something to have 
in mind. 
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Figure 56: Sanex ecopack (Amazon, 2020) 

 

iv. Demand or provide benefits to manufacturers who have high recycled plastic 
percentages in their products and that put effort on recollecting or making sure their 
products are correctly managed once used. On the other hand, implement fees to all 
of the manufacturers not using recycled plastics as raw material.  

v. Create awareness campaigns and educational programs to reach out to as most 
population as possible and all ages. Important to be combined with all other 
measures to increase implementation and overall impact. This should be targeted to 
people in all age ranges as adults have more power and direct impact, while on the 
other hand, it is vital to raise the youth fully informed on how the world they live 
in work and transmit the importance of recycling and solving the plastic issue. The 
campaigns can be varied; animated TV shows for kids, Facebook and Instagram 
ads, documentaries in streaming platforms, increasing appearance in TV news, local 
action campaigns, include in school’s syllabus and many more. 

 
8.3 Other references, links and recommended reads 

Major source of inspiration 

- Papanek, V., (1972). Design for the Real World: Human Ecology and Social 
Change. New York: Pantheon Books. 

General background and sources of information 

 Background 

- Facts of Plastic Pollution: 

https://www.nationalgeographic.com/news/2018/05/plastics-facts-infographics-ocean-
pollution/ 

- Plastic type basic explanation:  
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https://waste4change.com/7-types-plastic-need-know/ 

https://www.worldatlas.com/articles/what-types-of-plastics-are-recyclable.html 

- Plastic Carbon Footprint: 

https://www.npr.org/2019/07/09/735848489/plastic-has-a-big-carbon-footprint-but-that-isnt-
the-whole-story 

- Global Emissions: 

https://www.c2es.org/content/international-emissions/ 

- Ocean Pastics problem and solutions: 

https://abcnews.go.com/Technology/world-ocean-day-2019-oceans-plastics-
problem/story?id=63324490 

- Plastic Health effects 

https://www.unenvironment.org/news-and-stories/story/plastic-planet-how-tiny-plastic-
particles-are-polluting-our-soil 

https://www.iucn.org/resources/issues-briefs/marine-plastics 

- China Ban and related issues: 

https://elpais.com/sociedad/2019/05/31/actualidad/1559333457_551118.html 

https://www.elperiodico.com/es/medio-ambiente/20191013/asia-no-quiere-basura-europa-
7669393 

- Recycled Plastic, Virgin Plastic and fossil fuels: 

https://www.huffpost.com/entry/plastic-recycling-oil-companies-
landfill_n_5d8e4916e4b0e9e7604c832e?guccounter=1&guce_referrer=aHR0cHM6Ly93d3c
uZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAzsN4oFge3bD01G04hosHAoJGzUwD3
XnUDwxdsacO2BecW8CIQlaJWGVdZw0zYoTCbXSjye75Rg0ta53d_dSjHvNZL0YXPlmr
1eCXFITmlaspvcV_bYjG5z6OifamRfvx55TPxWZx6cIhOsfSl63lAW7zX7k9zVuBC0qdKer
VFU 

- How does plastic end up in the ocean? 

https://www.wwf.org.uk/updates/how-does-plastic-end-ocean 

- Products from recycled waste: 

https://www.businessinsider.com/companies-using-recycled-plastic-in-products?IR=T#aday-
14 

https://www.wwf.org.au/news/blogs/17-cool-products-made-from-recycled-
plastics#gs.38rzky 
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https://www.insider.com/products-made-from-recycled-plastic-and-innovative-
materials#sunski-3 

http://hwestequipment.com/8-things-made-recycled-plastic/ 

Collection 

Existing Methods 

- Deposit / Refund Systems in Practice and Theory 

https://www.researchgate.net/publication/228203610_Deposit-
Refund_Systems_in_Practice_and_Theory 

https://futurenviro.es/en/el-sistema-de-deposito-devolucion-y-retorno-aleman-sddr/ 

https://plasticsmartcities.org/products/deposit-return-program 

- India’s waste management challenges and current situation: 

https://www.downtoearth.org.in/blog/waste/india-s-challenges-in-waste-management-56753 

https://swachhindia.ndtv.com/waste-management-india-drowning-garbage-2147/ 

https://www.epw.in/engage/article/institutional-framework-implementing-solid-waste-
management-india-macro-analysis 

Innovative Solutions 

- Wecyclers 

http://wecyclers.com 

http://news.mit.edu/2015/wecyclers-cargo-bike-recycling-nigeria-0305 

- Enevo 

https://www.enevo.com/waste-solutions-services 

- Smartbins 

https://www.smartbin.com 

https://www.startus-insights.com/innovators-guide/5-top-smart-bin-solutions-impacting-
smart-cities/ 

- Personalized Services: 

https://www.wm.com/us/en/services 

https://www.viridor.co.uk/collections/waste/ 

http://buhlewaste.co.za 
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- COLLECTORS 

https://www.collectors2020.eu 

https://cordis.europa.eu/project/id/776745 

- Ocean plastic collection 

https://theoceancleanup.com/oceans/ 

https://www.businessinsider.com/ocean-cleanup-plastic-products-great-pacific-garbage-
patch-2019-12?IR=T 

https://edition.cnn.com/2019/10/02/tech/ocean-cleanup-catching-plastic-scn-trnd/index.html 

https://seabinproject.com 

https://www.wastefreeoceans.org/collecting 

https://www.clearbluesea.org 

 

Separation 

https://www.hse.gov.uk/waste/processing.htm 
 
https://waste4change.com/countries-interesting-waste-sorting-culture/ 
 

Existing Methods 

https://www.youtube.com/watch?v=veHV5u5nI7w 
 
https://es.slideshare.net/kanzaaaa/material-separation-and-processing-techniques-in-waste-
management-1 

- Complete separation process example 

https://www.youtube.com/watch?v=NRMcjFIVCCE 

- Eddy Current  

https://www.mastermagnets.com/product/eddy-current-
separators/?gclid=Cj0KCQjw7qn1BRDqARIsAKMbHDZnsMnVBhyAHHTMqarv4ZZpGej
ScrYFCDndp-2CQAtIUZk1LzIjJC0aAkU8EALw_wcB 
 
https://www.youtube.com/watch?v=rHemCWkjnB4 

- Flotation 

https://www.sciencedirect.com/science/article/pii/S0956053X15002214 
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- Hydrocylcone 

https://www.sciencedirect.com/science/article/abs/pii/S0032591005003670 
 
https://www.sciencedirect.com/topics/materials-science/hydrocyclones 
 

Innovative Solutions 

https://www.recyclingstartups.org/top/waste-sorting/ 

- Rubicon 

https://www.rubicon.com 

- Grey Parrot 

https://greyparrot.ai 

- Urban Mining Corp 

http://www.umincorp.com/solutions 

- Pellenc 

https://www.pellencst.com/markets/plastics-recycling/ 

- Tomra 

https://www.tomra.com/en/sorting/recycling 

https://vdrs.com/plastics-
recycling/?gclid=Cj0KCQjwy6T1BRDXARIsAIqCTXpYPzusDNRoX2vqkGnp6bIV9D3HL
ELskniE0iL0r6gYMogafbXxl9UaApUoEALw_wcB 

 

Conversion 

https://biotechnologyforbiofuels.biomedcentral.com/articles/10.1186/s13068-016-0689-5 

https://www.conserve-energy-future.com/recyclingplastic.php 

Existing Methods 

- Pyrolysis 

https://dc.engconfintl.org/cgi/viewcontent.cgi?article=1013&=&context=pyroliq_2019&=&s
ei-
redir=1&referer=https%253A%252F%252Fscholar.google.es%252Fscholar%253Fas_ylo%2
53D2020%2526q%253Dplastic%252Bwaste%252Bconversion%2526hl%253Des%2526as_s
dt%253D0%252C5%2526as_vis%253D1#search=%22plastic%20waste%20conversion%22 
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https://en.wikipedia.org/wiki/Pyrolysis 

- Anaerobic Digestion 

https://futurenviro.es/en/landfills-emit-19-times-as-much-co2-as-waste-to-energy-plants/ 

https://www.advanceddisposal.com/for-mother-earth/education-zone/landfill-gas-to-
energy.aspx 

- Gasification 

https://energysavingtrust.org.uk/blog/generating-energy-waste-how-it-works 

Innovative Solutions 

https://impakter.com/5-startups-devoted-to-ocean-cleanup/ 

https://www.mnn.com/your-home/at-home/sponsorstory/5-high-tech-innovations-taking-on-
plastic-bag-recycling 

https://wasteaid.org/innovation-in-plastic-recycling/ 

https://www.sciencedirect.com/science/article/pii/S0956053X07003054 

https://www.businessinsider.com/companies-using-recycled-plastic-in-products?IR=T#aday-
14 

- BioCellection 

https://www.biocellection.com 

https://www.mercurynews.com/2019/05/28/recycling-pilot-program-with-local-start-up-in-
final-phase/ 

- Cold Plasma Pyrolysis 

https://pubs.rsc.org/en/content/articlelanding/2018/gc/c7gc03662k#!divAbstract 

https://theconversation.com/how-we-can-turn-plastic-waste-into-green-energy-104072 

- Dissolution/Reprecipitation 

https://www.naturalenergyinc.com/plastic-waste-conversion  

- Recycling Show Europe 

https://packagingeurope.com/recycling-innovation-at-plastics-recycling-show-europe/ 

https://prseventeurope.com/prse2020/en/page/home 

- KK Plastic Waste Management 

https://www.nytimes.com/2009/11/14/business/global/14plastic.html 
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- Carbon Nanotube Membranes 

https://www.labonline.com.au/content/lab-equipment/news/plastic-bags-turned-into-high-
tech-nanomaterials-1363023425 

 

General Recommended Reads on the topic 

- Plastic waste Management, current status and weaknesses 

https://link.springer.com/chapter/10.1007/698_2019_408 
 

- Plastics recycling worldwide; current overview and desirable changes 

https://journals.openedition.org/factsreports/5102 
 

- Interesting reports 

https://www.sciencedirect.com/science/article/pii/S2542504818300113 
https://www.sciencedirect.com/science/article/pii/B9780081026762000219 
https://www.sciencedirect.com/science/article/pii/B9780081026762000025 
https://www.sciencedirect.com/science/article/pii/S0378382014000290 
https://www.sciencedirect.com/science/article/abs/pii/S0956053X18301818 
 

- Waste management startups 

https://www.recyclingstartups.org/top/enterprise-waste-management/ 
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