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Chapter 1

Introduction

In modern industry, becoming green, recycling and reusing are getting more and
more in focus. Recycling and reusing waste are essential to reduce the amount
of waste ending in landfills and the environment. Recycling and reusing waste
can conserve natural resources, reduce pollution, and save energy. It is essential
to reduce waste as much as possible in a sustainable and green way to manage
it. However with the rapid industrialization waste generation have increased and
with the increase, focus on recycling and reuse of waste, has become more difficult
for regular citizens, companies and regulators to distinguish between the different
types and fraction of waste.

The European Union(EU) produces more than 2.5 billion tonnes of waste every
year. Therefore the EU is updating their legislation on waste management to en-
courage countries and companies to move to a more sustainable model and way
of handling their waste. This model is known as the circular economy. [9] Circu-
lar economy is a model of production and consumption, aiming to keep products,
components, and materials at their highest value and utility at all times to reduce
waste, minimise the use of resources and extend the life cycle of products.

In practice, it implies reducing waste to a minimum. When a product reaches
the end of its life, its materials are kept within the economy wherever possible due
to recycling. These can be productively used again and again, thereby creating
additional value.

Circular economy moves away from the traditional linear economy model of
"take, make, waste," based on unlimited resources and the theory that waste can
be endlessly generated without consequences. The circular economy aims to cre-
ate a closed loop of products. It promotes efficient use of resources by reusing,
repairing, refurbishing, and recycling products and materials to create a more sus-
tainable and resilient economy that benefits both people and the planet. Overall,
the circular economy represents a shift towards a more sustainable and responsible
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2 Chapter 1. Introduction

way of using resources. [15]

Using circular economy in hospitals can reduce the amount of waste produced,
promote sustainable practices, and go under the waste management category. Hos-
pital waste management is a process that assists in maintaining proper hospital hy-
giene and the safety of healthcare workers and communities. The process involves
sorting, collection, storage, transport, and disposal. Region Nord needs to work on
implementing waste sorting in local hospitals. The cause for the problem is many,
like unclear waste standards, it is difficulty to sort by the personnel, and so on.
Due to these conditions, the potential for exploring and analyzing the solutions is
vast.

A more effective and extensive sorting of waste in general, it can greatly help
to increase the overall amount of recycling. This separation is more feasible in
some industries due to the presence of specific types of waste. In the medical
industry and especially in hospitals, due to the wide presence of hazardous objects
that include sharp objects and objects contaminated with infectious substances,
separation is more challenging than other industries, and hospitals burn waste in
most cases.

1.1 Waste sorting

Waste can be separated based on different categories that have been determined by
different institutions in different parts of the world and according to the needs of
the geographical location or industry. In Denmark, different categories have been
determined for waste separation, which includes up to 88 different categories, but
the most common ones include 10 categories, which can be seen in Figure 1.1.

Figure 1.1: Waste sorting categories in Denmark
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1.2 Hazardous waste

Considering this general categorizing system in Figure 1.1, according to WHO web-
site, of the total amount of waste generated by health-care activities, about 85% is
general, non-hazardous waste comparable to domestic waste. The remaining 15%
is considered hazardous material that may be infectious, chemical or radioactive.
Hazardous waste are categorized as follows:

• Infectious waste

• Pathological waste

• Sharps waste

• Chemical waste

• Pharmaceutical waste

• Cytotoxic waste

• Radioactive waste

1.3 Initial problem formulation

How can a system be designed to automate sorting of waste in hospitals without interfering
with the day-to-day work of the personnel?





Chapter 2

Problem Analysis Part 1

2.1 Motivation

Due to a new law (source), all Danish companies and hospitals are required to
implement sorting and disposal of the waste they produce. The law states that
sorting should be divided into 10 fractions (source) but does not state how compa-
nies should do the sorting and disposal. Thus there are no common solutions or
methodologies on how it should be done. Hence many companies have different
approaches to sorting and are at different stages in their implementation of their
sorting systems. Furthermore, different companies have different distribution of
generated waste types, where the problem of waste generation becomes even more
prominent when looking at larger companies that consist of many departments,
such as hospitals, where the amount and distribution of waste can vary vastly. Pro-
viding a general solution that could �t all types of industries in Denmark would
be a rather unmanageable task for a semester project. Therefore looking at a spe-
ci�c industry, such as hospitals, would be more obvious, where different special
types of waste as hazardous types would be accounted for. Just hospitals in Region
Hovedstadenproduce 2 tons of waste every hour, while there are more than 50 hos-
pitals nationally and more than 20.000 hospitals in Europe that could bene�t from
having a common solution for waste sorting in a hospital context.

According to the goals set by the EU, 55% of all waste produced must be reused
before 2030. In 2035 that number will be 65%. In 2022� 18% of waste was reused,
meaning an increase of � 37 percentage points over an eight-year period must be
carried out. Which is is an increase of � 205% percent over just eight years. In
order to achieve these goals, signi�cant actions must be taken.

Region Nordjylland measures its production of waste in units of CO 2-eq. The
categories they put their waste into are seen in Figure 2.1.
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6 Chapter 2. Problem Analysis Part 1

Figure 2.1: Description of what categories region Nordjylland produces the most CO 2.[13]

Figure 2.1, shows that patient articles in 2020 contributed 80.454 units of CO2-
eq to the environment. Where the existing categories combined contributed 85.587
units of CO 2-eq. The biggest impact in terms of reducing CO 2-eq emissions can
then be achieved by improving the amount of recycling happening in the patient
article sector compared to any other of the described sectors. Close to 50% of all
the CO2-eq produced by Region Nordjylland comes from the single category of
Patient articles. None of the other categories comes close to contributing as much
CO2-eq55 f7 as patient articles. For this reason, this category of waste will be the
main focus of the project moving forward. Patient articles are, however still a big
category, so the next step will be to document the types of waste in this category.
The category contains the following elements: [13]

• Medicine.

• Packaging made predominantly from plastic, secondly paper.

• Syringes, IV bags, and other plastic medical equipment.

• Band-aids, cotton, medical tape, etc.

COWI, an independent consultant company from Denmark, came up with the
following data on waste produced, seen in Figure 2.2.
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Figure 2.2: Potential of different types of waste in different departments of Sygehus Sønderjylland
and Dagkuriusk Afdeling from Aabenraa. [4]

Figure 2.2 describes the amount of reusable waste being sent to be burned
instead of reused. The �gure provides a overview of the potential for reusable
waste in each department but lacks data describing the volume produced in each
department. By concluding Figure 2.2 alone risks, the focus will be on a small
insigni�cant department that produces a minuscule amount of waste compared
to the other larger departments. For this reason, the conclusions drawn from the
�gure must be considered with additional data in mind. This is where data from
Figure 2.1 becomes relevant since this �gure provides tangible quantitative data
on how much waste is produced at Region Nordjylland. From the data provided,
COWI 2.2 suggests that the most signi�cant potential for reusing waste lies in
the kitchen department of the hospitals, but when considering the data from Re-
gion Nordjylland, the kitchen department is the smallest contributor to CO 2 levels,
when the COVID-19 sector is ignored, due to this issue no longer being as relevant
in the year 2023. There are some apparent faults when comparing the data from
these two analyses. Firstly, they are made by different organizations with different
standards for categorizing waste. Secondly, the analyses were conducted 2 years
apart. Thirdly, one analysis provides data on hospitals in Region Nordjylland,
while the other provides data on hospitals in Region Syddanmark. It is needless to
mention that using data with such signi�cant differences is not ideal, but no better
data is currently available. Therefore the following assumptions are made:

• Waste types produced at different hospitals in Denmark will be similar. E.g.,
all hospitals produce plastic, paper, food waste, etc.

• The distributions of waste at different hospitals in Denmark will be similar
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when comparing similar departments. E.g., the kitchen departments will
produce similar distributions of food waste and plastics.

Plastic and food waste is the predominant type of waste produced in large
amounts across all departments, which means these have the most potential for
reusable material. It is important to note how small a part of the category metal
has the potential to be reusable across the different departments.

2.2 No available data

As discovered in the previous section, the generated waste can be separated into
many categories, where the paramount ones are plastic and food waste. However,
more data is needed on how the health sector handles its waste (Source by Lisa).
This is a problem for two main reasons:

• Without adequate data on what types of waste are being produced in what
amounts, it is challenging to develop a sorting system that can adequately
accommodate the waste.

• Without adequate data on how much waste is sorted into what categories
at a given time, it is impossible to evaluate the performance of new sorting
initiatives.

According to Affaldsstrategi - Region Nordjylland, one of the new sorting initiatives'
objectives is to develop a system to evaluate and get data about how much waste
is sorted into the different categories to be recycled and how much waste is being
sent to combustion, without such a system, getting feedback from any action on
waste handling and any recycling initiative after its implementation is challeng-
ing. As stated by Affaldsstrategi - Region Nordjylland, feedback is essential when
implementing new systems [8] to identify if a given project on waste handling is
reasonable for further development, or if resources shall be redirected on other
projects.

This problem is visualized in Figure 2.3 and will be referred to as The Problem
Chart . This will be used throughout the project as more problems regarding waste
handling are identi�ed. These and their related context to each other will be added
to the �gure.



2.3. Current ways of Sorting 9

Figure 2.3: The problem chart, when no feedback data is gathered when carrying out new initiatives.

2.3 Current ways of Sorting

As the problems within waste generation have been identi�ed, the following sec-
tions will introduce different solutions for the problem, where types of sorting,
such as mechanical, vision-based and manual, will be described.

2.3.1 Mechanical sorting

Mechanical sorting is sorting materials using their different mechanical properties
like size, shape, density and ferromagnetic. Some of more common mechanical
methods are described bellow:

• Disc or Star screen:
Star screen named after the star-shaped rubber discs located on the shafts.
The star discs have a certain gap length between each other. The materials
with large dimensions move forward as the discs rotate, and the ones with
smaller dimensions fall through the gaps. Star screens can be manufactured
according to the required capacity and in different sizes. It can separate
�ne particles from inert materials such as sand, stone and glass in domestic
garbage and kitchen waste.

• Air separator:
Air separator machine is mainly used to the aerodynamics, the light material,
middle material and heavy material will be sorted out under the positive and
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negative air pressure. light materials will be taken up or horizontally into
the settling tank, then discharged by the belt conveyor. The heavy material is
down to the conveyor for the upward air pressure can not bear the weight,
they will be discharged by conveyor.

• Bouncing Screen Ballistic Separator:
The heavy ballistic separator is sorted material by different size/ shape/ den-
sity machine. its tough sorting used to construction waste, kitchen waste af-
ter squeezing water, paper recycling industry etc. The bouncing screen drives
the sieve plate to move up and down through the eccentric shaft (crank gear,
etc.), so that the solid waste on the sieve plate is shaken into heavy, rolling
3D material parts (such as plastic bottles, wood, cans, etc.) and light, The �at
2D material part (�lm, paper, cardboard) and the under-screen material part
(sand, food residue) are convenient for subsequent processing. According to
the characteristics of the above equipment and the complex characteristics of
solid waste, it is mainly used in the domestic construction and decoration
waste front-end pre-sorting, domestic waste incineration slag light material,
and some industrial waste sorting systems.

• Double shaft shredder:
Double shaft shredder is one kind of low speed, high torque tearing machine,
its widely used to waste metal, bulky waste or MSW, industrial waste and
domestic scrap. through bit to reduce the size of material, improve density
to save the transportation charge. The reducer and rotor connection takes
Germany type meets DIN5480 standard. It's mainly used for the industrial
waste, domestic waste, scrap metal, medical waste, solid waste etc.

• Over Belt Magnetic Separator:
Magnets can separate iron, steel, and other ferromagnetic materials from non-
ferrous metals. Permanent magnets or electromagnets will generate the mag-
netic �eld. Ferrous materials lift and stick to the magnetic band. After being
removed, they drop off into a skip.

Magnetic separation is generally effective for ferrous materials. It won't work
on metals like stainless steel, copper, and aluminium, though. Its mainly used
to the industrial waste, domestic waste, scrap metal, medical waste, solid
waste etc. It is suitable for all belt conveyors, vibrating feeders and occasions
where there is more iron above the chute. It is generally con�gured in the
renewable resource industry or mobile crushing and sorting stations.

2.3.2 Vision Based Sorting

Vision based sorting uses a combination of lights and sensors to illuminate and
capture images of the objects. Image processing is then used to identify mate-



2.4. Current ways of sorting in different regions 11

rial characteristics, and a computer algorithm determines whether objects should
be sorted or not depending on the purpose. This is also called Computer vision
(CV), commonly used in recycling facilities to sort various types of waste materials.

The process typically uses a conveyor belt that carries the waste through cam-
eras and sensors to identify the objects either based on its shape, colour, and other
visual features, depending on which is used. When the objects have been identi-
�ed, they can be sorted using either a mechanical system or robots that separates
them into their different categories based on the criteria set by the sorting system.

The CV can be used along a model or a neural network that can be trained to
identify various types of plastic. Along with innovative deceives, this can aid users
in determining the types of plastic for proper classi�cation. Applied with a robotic
solution, this can sort the plastic automatically into bins. [6] The CV system and
a waste detection algorithm function as the eye and brain, enabling the robots to
detect and identify the waste materials on the conveyor belt and can sort the waste
automatically. [25]

CV systems are highly effective at identifying both quickly and accurately. For
the recycling industry, vision-based sorting can be an essential tool since it can im-
prove waste management operations' ef�ciency and effectiveness while promoting
sustainable practices. Additionally, these systems can reduce the amount of con-
tamination in the recycling streams, improving the quality of the recycled materials
and reducing waste.

2.3.3 NIR scanners

A NIR scanner is a device that uses near-infrared (NIR) spectroscopy to ana-
lyze materials. It analyses the absorption and re�ection of near-infrared light to
identify and quantify the chemical composition of materials. NIR typically con-
sist of a light source that emits near-infrared radiation, a detector that measures
the amount of radiation absorbed or re�ected by the material, and a computer
system that processes the data and generates a report on the material's compo-
sition. https://recyclinginside.com/recycling-technology/separation-and-sorting-
technology/

2.4 Current ways of sorting in different regions

In order to �nd suitable solutions for the problem, the current state and how they
sort waste in different Danish Hospitals will be researched. The knowledge was
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gathered through desktop research or hospital visits. This research will be used
to �nd solutions that can be implemented depending on the current state of the
hospital.

The discovered established manual sorting systems are based on data gained
from sources by Sygehus Sønderjyllandand Region Hovedstad, as well as visits to
Aalborg blood Bankand Hjørring Hospital.

Sygehus Sønderjylland in Aabenraa

According to an analysis made by COWI of the hospital in Aabenraa [16], the
amount of improperly sorted waste is directly dependent on the busyness of hos-
pital personnel, where during heavily loaded days, there is limited or no sorting
of waste. Therefore COWI suggested a solution to provide a more convenient way
to sort.

According to the same article [16] part of the problem is that the medical per-
sonnel must transport the collected waste to a speci�c waste room, called "�ushing
room", within the hospital and then sort it. COWI suggested a solution to the
problem by introducing mobile waste trolleys, as seen in Figure 2.4.

Figure 2.4: The mobile waste trolley proposed by COWI that enables the hospital personnel to sort
waste directly at place of use. [16]
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These trolleys would be placed within every part of the hospital with proper
waste-type containers installed, making this solution adaptive for the different de-
partments and their needs. Furthermore, these trolleys enable the personnel to
sort waste on the spot, reducing transportation time and eliminating the need for
additional time to sort the collected waste in the �ushing room. This presents a
new problem to the problem chart seen in Figure 2.5.

Figure 2.5: Problem chart: Not having access to correct bin for a given type of waste.

Region Hovedstaden

The solution within Region Hovedstadenis more comprehensive than the one de-
veloped by COWI for the hospital in Aabenraa, which consist of increased recy-
cling, ef�cient logistics, communication, and education of personnel on the waste
recycling topic. [16] Region Hovadstadenhave introduced racks and bins for the
different types of waste in all hospital departments to redirect as much trash as
possible to be recycled instead of burned. The distribution of the bins is different
for each respective department, making this solution similar to the con�gurable
mobile trash trolleys proposed by COWI. To further increase the ef�ciency of these
bins, a set of colour-coded pictograms was developed by Region Hovedstaden, See
as Figure 2.6.
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Figure 2.6: The 14 categories of waste created by Region Hovedstaden

The �gure shows a total of 14 waste categories. However, the number of waste
categories used in Region Hovedstadendiffer depending on the situation. The pri-
mary reason for separating the categories is to simplify the reintroduction of waste
into the circular economy. The reintroduction can be performed by exporting the
waste to different external companies in the private and public sectors. For in-
stance, cables are separated from the electronics category. Conversely, all plastic
types are placed into a single category since the company that Region Hovedstaden
exports their plastic waste to can handle mixed types of plastic and sort it on their
own.

In order to improve communication and education of hospital personnel, phys-
ical manuals were developed and placed on the hospital boards with explanations
of the different types of waste and which waste bins they belong to. In addition to
physical manuals learning e-portal was developed with learning videos and learn-
ing modules, while environment-responsible personnel received the task to be also
responsible for communication on the waste sorting topic, so other hospital per-
sonnel know where they can clarify possible questions on the topic.

Besides waste disposal, hospitals atRegion Hovedstadendo also consider a broader
reuse system, where a separate reuse and donation unit in Ballerup ensures that
hospital equipment and furniture at one respective hospital that has completed its
life-cycle is not thrown out or disposed of if it has potential to be used at other
hospitals, or even to hospitals in other countries that are in need.

The last part of the solution within Region Hovedstadenis a logistical system,
where they move collected trash within �ushing rooms into bigger decentralized
waste rooms that contain larger containers. Residual waste is compressed into
smaller containers, while other types of waste as paper, metal and glass, are col-
lected into multi-purpose containers of 650 litres. They decided that it would be
more cost effective to own the containers and invest in their transport for waste.
Where two types of transport are needed, a truck and a hook lift, the number of
trucks can be scaled to the size of each hospital. According to them, this is ef�cient
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since the truck drivers are familiar with the setup at the hospital and know ex-
actly what goes where. From hospitals, waste is transported to separate recipients,
e.g. Stena Recyclingfor waste disposal, while dangerous and contaminated waste
is transported to specialized disposal companies. The entire process is mapped
in Figure 2.7.

Figure 2.7: General �owchart describing the �ow of waste in Region Hovedstaden

As for the future steps, they plan to develop a more strict set of requirements
for the suppliers on the packaging and transportation of medical products and
equipment, which should ease the whole waste chain.

2.4.1 Region Nordjylland

This region was of higher interest since this project was proposed by Lisa, who
works for region Nord and functions as the contact person. According to her Re-
gion Nordjylland is lacking behind other regions regarding ef�cient waste sorting
methods. She provided data and arranged visits with Aalborg Blood Bankand Hjør-
ring Hospital.

Before these visits, an initial meeting with Lisa was conducted to narrow down
what should be in focus on the visits. This initial meeting was performed with
other Manufacturing Technology and Global Business Engineering students who
all are writing about waste in the hospital industry. Due to the many participants
in this meeting, only the essential and relevant information gained regarding this
project will be described.

In this meeting, it was learned that they had previously attempted to develop a
standardized waste management system for all of Region Nordjylland. However,
this pilot project failed and was shut down. Unfortunately, where this pilot project
took place and how much it covered is unknown. The only known factor is that
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the failed system was about implementing specialized waste buckets within each
department. According to Lisa and the waste ambassador at Aalborg Blood Bank,
it failed due to lack of management and too harsh standardization. This lack
of organizational planning made it dif�cult for the departments to collect useful
data or data in general, meaning the changes' impact was dif�cult to evaluate and
determine their effectiveness.

Furthermore, it was learned that some of the personnel did not always know
how to sort the waste wasting their time and especially during rush hours they
did not sort the waste at all. Lastly, some departments needed proper space to
implement the waste bins required for the system.

The following will describe the information gained from the visits with Aalborg
Blood Bankand Hjørring Hospital.

2.4.2 Aalborg Blood Bank visit

On March 15th 2023, a meeting was conducted with the local waste handling per-
son, referred to as "waste ambassador". At this meeting, it was learned that the
waste ambassador and her department had devised their own sorting system,
mainly used for plastic. Since it is a small department that primarily produces
plastic and bio hazardous waste, they did encounter some initial resistance from
management because of the failed pilot project.

However, management gave the waste ambassador permission to try their de-
veloped system based on interest from the personnel and a recent study case per-
formed in collaboration with students from Aalborg University (AAU). The only
requirement management was that it should not cost anything, affect the work-
load, or take too much time from personnel day to day work.

With limited space and resources, the waste ambassador uses old or unused bio
hazardous plastic containers as bins and hand-labelled pictures of the speci�c plas-
tic item on the bin to make identifying what goes into which bin easier. Hereafter
the required amount of bins was placed into the different rooms in the department,
though not optimally due to lack of space. However, they were placed to be eas-
ily accessible and where space was available. Resulting in some of the bins were
placed in equipment storage rooms rather than in the room where the waste was
generated. The bins are then collected at different temporary storage areas, under
stairs or behind equipment, around the department and manually transported out-
side, where the waste ambassador made an agreement with an external company,
called Ragn-sells, that would pick up the sorted plastic once a week free of charge,
required that the plastic was sorted into the 7 different fractions seen in Figure 2.8.
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Figure 2.8: The 7 fractions of plastic sorted.

The system is still in its early stages. It has only been going for a little more
than a month. However, during this period, the department collected 105kg of
plastic, sorted into the 7 fractions. The trash ambassador considered the system a
success and looked into implanting something similar in other departments. For
the problem chart, the new problems added can be seen in Figure 2.9

Figure 2.9: Problem chart: Not having knowledge about what type of plastic fraction it is. Having
limited space and accessibility for bins.

Meeting re�ections

The meeting outcome showed that creative solutions can still �ourish even with
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limited space and resources. Based on the previously failed pilot system indicates
that there may be better ways to handle the problem than forcing an overall solu-
tion for all departments, regardless of size. Instead, departments should be able to
make their own solutions, and management could instead arrange the logistics at
the end of the process by managing what happens with the waste when it leaves
the facility. This allows the department to make one or multiple suitable solutions
for their respective department that can be integrated into logistic solutions deter-
mined by management.

It should be mentioned that the solution works so well at Aalborg Blood Bank
due to the dedication and positive approach to the problem from the local work-
force. Showing management that the local workforce has some good ideas they
might need to be made aware of. However, should new initiatives be met with
resistance and a negative mindset, or the workforce does not have time or ideas for
a local solution. Different standardized solutions that can be applied to different
sizes of departments should be available.

2.4.3 Hjørring Hospital visit

A meeting with one of the Porter employees at Hjørring Hospital was conducted
on April 25 th 2023, where insight into how they collect waste at that location was
obtained. They have implemented the ten new sorting labels, set by the Danish
government, seen in Figure 1.1, at each �oor. Like Aalborg Blood Bank, the em-
ployees were responsible for sorting the waste into different fractions. Hjørring
Hospital is a larger department that generates many types of waste. They have im-
plemented a waste management system that is further ahead, logistics-wise, than
Aalborg Blood Bank. They have specialized waste buckets in their �ushing rooms
and established logistic collecting of the waste. An example of the waste buckets
can be seen in Figure 2.10.
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Figure 2.10: Self taken photo of a �ushing room at Hjørring Hospital.

Between 2014 and 2018, their "skyscraper" department was renovated. During
this renovation, the porters requested to place the �ushing rooms in the same room
as the elevator, which are only accessible to technical personnel. Making it easier
for the porters to change the orange iron cages, the waste is collected into, which is
a crucial benefactor to their superior waste collecting logistic system over Aalborg
Blood Bank. The orange iron cages and their placement respective to the elevator
can be seen in Figure 2.11.

As for the other department not located in the skyscraper, the �ushing rooms
are located randomly, forcing porters to walk and collect the waste among staff and
patients. The porter also mentioned that some �ushing rooms are being overtaken
to store medicine or medical equipment, forcing them to �nd other rooms for
waste storage. He stated that handicapped restrooms were often used as temporary
storage rooms for waste since the patients already had toilets in their rooms.
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Figure 2.11: Photo of orange iron cages next to the technical service elevator at Hjørring Hospital.

When all the waste has been collected, they are transported through under-
ground tunnels to their disposal room, where the porter manually sorts it into
containers according to the colour code on the bag, see Figure 2.12. It takes two
porters between 1,5 to 2 hours to collect the waste from the whole hospital. Waste
is collected three times a day, once in the morning, once during the day, and once
in the evening. In general, 16-18 iron cages are full each time.
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Figure 2.12: Photo of the disposal room at Hjørring Hospital.

The disposal room currently has one compressor for cardboard changed every
third week and one for general waste changed once a week. A small compressor
for soft and transparent plastics removes air within the plastic. Hereafter it is col-
lected on half pallets, where they produce about 2-3 half pallets a week, which is
collected once a week. They separate this type of plastic because it is worth more
than the rest they produce. Any other plastic is collected in 650L multi-purpose
containers as described in Subsection 2.4, where 20-25 of these only containing
plastic are collected once a week. Non-classi�ed paper waste is also collected in
the same type of container. Here two containers are usually collected once a week
along with the plastic. The hazardous clinic waste is placed into a "hall" and is
collected three times a week. Bio hazardous waste is kept in a separate cold room
to prevent fermentation. These are collected when needed along with the other
waste. Should any containers containing waste be full before scheduled, they can
call the external company, and they usually switch the container rather quickly.

At the end of the visit, the porter stated that the amount of plastic waste gen-
erated is increasing each year, so they have requested management for a bigger
plastic compressor. According to him, there is space next to the general waste
compressor if they expand the disposal room.
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Meeting re�ections

In contrast to fraction sorting of plastics, they are not at thorough as Aalborg
Blood Bank since only soft and transparent plastic was sorted separately from other
types of plastic. They desire to sort even more but sometimes encounter problems
when new employees are hired and do not sort appropriately according to the
porters standard. They know this since they perform random samples and open
the bags to see if it is sorted correctly. If not, that department gets reprimanded.
They know where it came from because each department and �oor have labelled
trash bags.

Even though their skyscraper department has a proper logistics waste �ow,
they still have some practical problems with some �ushing rooms being far away
from service elevators, which hinders waste collection.

2.5 Existing Solutions

In order to �nd a suitable solution for this problem, looking into existing products
different companies offer can be bene�cial to get information and inspiration about
how it can be solved most ef�ciently. Solutions using robots and other mechanical
solutions will be looked into for that purpose.

2.5.1 Current Robotic Solutions

For current robotics solution these companies will be described:

• Ishitva Robotics Systems (IRS)

• AMP robotics

• Recycleye

AMP robotics

AMP Robotics, located in Colorado, specializes in arti�cial intelligence (AI) and
robotics technology to recover recyclable materials. Their technology can recover
plastics, cardboard, paper, cans, cartons, and many other containers and packaging
types. Figure 2.13 shows how their technology function by using CV to identify
the waste, which sends the data to their own AI platform, "AMP Neuron", and
then utilizes manipulators to pick and place the waste. The platform can iden-
tify patterns in speci�c materials, separate- smashed, folded-, and tattered objects
within the same waste stream. It can distinguish different plastic polymers, pa-
per types, metal containers, and multilayered packages. It then characterizes what
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needs to be sorted during different process stages. It can distinguish more than 50
categories and more than 100 different materials. [14]

Figure 2.13: Visualization of the AMP technology.[14]

Their AMP Cortex product, seen in Figure 2.14, utilizes the Neuron platform, a
single delta robot, and a conveyor. Forbeswrote an article about AMP on November
12 2020. According to the article, AMP machines cost up to 300.000 USD and
should last �ve to 10 years, if not longer. A single delta robot can pick up to 80
pieces per minute, with a 99% accuracy, which is twice the amount of an average
employee, meaning one unit can replace two workers. They state that the average
recycling workers make around 25.000 USD per year, and training two employees
costs a facility 70.000 annually. Thus a single AMP Cortex unit should be repaid
within three to four years. [2]
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Figure 2.14: AMP Cortex. [14]

Recycleye

Recycleye, located in the United Kingdom, solution functions like AMP's solution,
with a manipulator above a conveyor and a vision system to scan and tell the ma-
nipulator what to pick. The difference is that Recycleye uses a 6-axis manipulator
from a company called FANUC that can rotate and shoot the trash into bins, saving
travelling time to the bin. It is equipped with a suction gripper made from silicone
that can grip any shape, with a lifetime of about a week. Should any material be
sucked into the gripper, they have applied a �lter to prevent blockages. Should
blockage still occur, they have a system that warns it is blocked so they can remove
the blockage as quickly as possible. In addition, the system is modular and can be
�tted into existing MRF [11]

Their vision system consists of an RGB camera along with a database they
developed in partnership with academics at leading universities, called WasteNet,
which leading universities is not speci�ed. The database contains more than 3
million images of waste, which they claim to think is the world's largest data set
for waste. The system can identify 28 classes and differentiate between colours,
shapes, brands, food and non-food. [12]

In September 2021, they performed a study case with FCC Environmentand re3.
In this study it successfully did up to 33,000 picks per 10-hour shift, or 55 picks
per minute, with a 99% accuracy with less than 1% contamination. They made
their own comparing to other solution that are identical to their own, which can be
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found in appendix B

Ishitva Robotics Systems

IRS offers both a robotic and a machine solution for their robotic solution they
have their "YUTA" and for their machine they have their "SUKA", both are AI
powered industrial robot sorting machine, that utilises their "NETRA" machine vi-
sion system software, which is their own developed IA vision system. NETRA is
connected to their own cloud database and have been trained with more than a
million images of with different polymers, brands and color categories. Making it
very versatile and its complex computer vision algorithms that can be use to learn-
ing, classi�cation, localization and segmentation, which can be integrating with
different industrial robots, air sorters or other mechanical unit. Hence �ts both
machine and robotics solutions [17].

Their robot driven solution YUTA, function a lot like Recycleye, it have a mod-
ular plug and play design, can sort based on colour, brands and can sort plastic
based on PET Polymer PET, PP, HDPE. It have above 95% accuracy sorting level
and live waste data with prediction and analytic on a cloud platform, unfortu-
nately there is no data on how much it can pick per minute or hour [20].

Their machine solution SUKA is only able to sort plastic in mix dry waste, such
as PET, PP, HDPE with colors, brands and size sorting. Unfortunately general
information about accuracy is not listed on their website but information about
amount it can sort is, which is 2 to 8 tons per hour of plastic [19].

2.5.2 Smart Bin

In addition IRS also offers smart bins, seen in 2.15. These bins can automatically
segregate paper plastic and cans. The bins are easy to install and should �t into
any infrastructure. It is embedded with internet of things (IoT) board enabling it
to gather data and transmit wirelessly via the could to electronic devises, such as
desktops and mobiles. It is equipped with door sensors informing the system that
something is about to be processed. Moreover it has �ll level sensors, which it
can transmit to waste collectors when it is near full or full, removing unnecessary
visits to empty bins. Through the dashboard supervisors can monitor the devices,
getting live feed of fullness and see the count of materials. It can collected and
analyse data of usage patterns, types and amount of waste collected, how often it
is emptied and time spent on collecting the waste. [18] [5]
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