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1. INTRODUCTION
Identify and analyse the main
appliable KETs.
Identify the latest advances in the
application of KETs.
Identify and capitalize ideas.

The present Project is encompassed
within the Promotion of High Value
Disruptive Enterprises project by the
Centro Tecnológico de la Energía y el
Medio Ambiente, CETENMA, with the
help of the Innovation General
Management.

As a response to these goals, an analysis
of the state-of-art of the main
technologies
which
are
being
developed was carried out. Moreover, a
review of the pioneering European
projects and the leading enterprises
related to the implementation of these
technologies is included.
Through the overall analysis of the
current situation of the technological
systems,
new
technological
opportunities have been identified.

The main objective of this project is to
promote the creation of businesses
through
innovative
discovery,
understood as the identification of
new technological and market
opportunities, by collaborating with
businesses and entrepreneurs who
preferably work in the energy, water,
waste and biotechnology sectors.
For this purpose, as a prior step,
various technological tendencies have
been identified in these sectors, one
of the being the denominated Smart
Waste Management, where the
application of these KETs might prove
a great opportunity for improvement.

To access the complete report, contact
CETENMA at cetenma@cetenma.es

With the aim of identifying these
innovative
opportunities,
the
following
goals
within
this
technological
tendency
are
established:
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2. STATE OF THE TECHNOLOGY
Municipal
solid
waste
(MSW)
management plays an important role
in
sustainable
municipal
development, having as a basis the
complete removal of waste in order to
reduce the leftover-related issues our
society faces.
According to the World Bank’s
September 2018 report (International
Bank
for
Reconstruction
and
Development/ The World Bank, 2018),
a rapid increase in urbanization is
predicted, which implies an increase
in the worldwide amount of waste
produced of up to 70% in the next 30
years, reaching a yearly average of up
to 3 400 million tonnes of waste per
city.
According to the data gathered in the
Plenary session of Strasburg of 2018,
in 2014 around 2 500 million tonnes
of MSW were produced. Later,
according to 2016 statistics, in the EU,
47% of MSW are recycled or
composted (European Commission,
2020). However, any consumed
product is eventually transformed
into a residue in need of treatment.
Thus, the European Union’s goal
regarding member States’ MSW are
the reutilisation of more than 55% of
domestic waste by 2025, and be in
the lower end of 10% of waste
dumping by 2035.

According to INE (Spanish National
Institute of Statistics), in 2019, 36.11% of
waste was recycled, 51.16% was
dumped, and 12.73% was incinerated
(INE, 2019).
For this purpose, and to broaden
information on waste management,
and
more
specifically,
MSW
classification and sorting using new and
emerging technologies, a compilation
has been carried out of recently
introduced technologies in waste
classification and sorting plants.
It is worth mentioning that the
composition of waste has an influence
on the steps taken and applied
technologies, as the more developed a
country is, so does the complexity of its
waste, demanding an increasingly
complex classification technologies, in
order to extract pure fractions. These
technologies are required to be able to
classify an ever-growing variety and
volume of materials, regardless of the
degree of humidity and/or content of
pollutants (David et al., 2017).
divided into four main segments which
encompass different processes:
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Reception and storage
Pre-treatment
Material selection
Quality control, selected
material allocating, excess
management

Figure 1. Selction process diagram. Source: ECOEMBES (2016)

Within the waste treatment process,
the contemporary classification and
sorting technologies are Screening,
Air separation, ballistic, film capture,

magnetic separation, Foucault currents
(Eddy Currents), manual classification or
through sensor technology.
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Screening

Air screening

Trommel
screening

A spinning cylinder at an angle, with holes that permit waste
of certain size to pass through.

Disc screening

Vertically disposed discs that transport big waste items, and
also allow smaller items to fall through the spaces.

Vibration
screening

A vibrating device that lets through smaller items whilst
transporting the bigger ones.

Zigzag air
screening

Waste is let through an ascending air current in a zigzag
conduct. Lighter items are carried upwards, while the heavier
ones fall down.

Rotary air
screening

A Trommel separator with an air current that captures lighter
items.

Crossed-current
air screening

Waste is deposited in a belt and is let fall through a current of
air. Lighter components are blown horizontally up to a
collection point and heavier items fall down.

Suction bell
screening

Sucks lighter items directly form the transportation belt.

Ballistic screening

Lighter items are elevated by pulleys to the superior part of
the belt, whilst heavier ones fall to the bottom.

Plastic wrap
capturing

Waste is accelerated in a spinning drum with needles. These
needles pick the plastic wrap and let other items through.

Magnetic
separation

Magnets raise or hold ferrous metals while waste passes
through.
Foucault currents are used to push non-ferrous metals with
magnets up to a collection point, and non-metal refuse fall
on.

Foucault currents
screening (Eddy
Currents)
Manual
classification

Sensor technology

Employees are situated by the transport belt and manually
sort waste items.
NIR

Used to differentiate plastics (PET, HDPE, PVC, PP y PS).

VIS

Used to sort items based on colour.

XRF

Used to differentiate between metals / alloys.

XRT

Identifies metals based on atomic density, such as halogens
and organic components

EMS

Identifies metals based on their conductivity

LIBS

Laser-induced breakdown spectroscopy

Table 1. General overview of current waste sorting technologies. Source: ISWA (David et al., 2017)
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Currently,
the
aforementioned
technologies
present
certain
limitations, as they aren’t apt for realtime
implementation,
waste-type
recognition errors, need for human
hand, or elevated response times,
which
translates
into
lowered
efficiency in terms of waste separation
or separation capacity.

The waste management industry is
investing in innovative technologies
that help or ease the classification
and sorting process of MSW, with the
Zero Waste goal in mind.
Within
these
technologies,
the
emerging technologies are the
following:

ROBOTICS
Robotics is defined by the creation of
automatic machines (in this particular
case, automated arms) that are
capable of carrying out activities in a
more efficient, quicker and safer
manner, whether these activities can
be carried out by humans or not.
Hence, this technology promises a
significant increase in classification
efficiency of certain waste flows, and
could potentially be very valuable in
the processing of waste flows
containing dangerous substances, as it
doesn’t
rely
on
direct
human
intervention. To sum it up, a transport
belt feeds waste through a sensor
pack, which include visible spectrum
cameras, NIR spectroscopic cameras,
3D laser scanners, and metal sensors,
as the robotic arms operate upon the
transporting belt, removing items as
they pass by.

One of the advantages of robotics is
the fact that it doesn’t need to focus
on one particular waste fraction, as it
can be used to classify several
fractions at the same time, depositing
them in their respective containers.
Current trials are focused on the
different
material
fractions
of
construction and demolition waste
(CDW), but there is no reason to
doubt the applicability on a wider
range of waste.
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Image 2. Robots processing waste. Source: www.xataka.com

RECOGNITION TECHNOLOGY
Classification techniques are not based
on the physical properties of items in
terms of sorting, and require a form

of identification through sensors such
as the following:

Infrared sensors (NIR), which are based on
spectral images that combine spectral reflectance
such as image processing technologies (Picon et
al., 2010)
Optic sensors (VIS), which are based on the
physical properties of waste, ignoring visual or
tactile signals, such as colour, texture or size for
their classification (Mesina et al., 2003)
Laser-induced plasma spectroscopy (LIBS) is a
type of atomic-emission spectroscopy which uses
a source of high energy laser excitation
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X-ray-based classification (XRT and XRF), based on the transmission
of X-rays, which makes it a relatively fast technology, as it captures
images of the items in a few milliseconds (De Jong, 2004).
Electromagnetic sensors (EMS), which are used for the detection of
non-ferrous metals, based on the electrical conductivity of the
items, by using Eddy currents for their classification (Braam et al.,
1988)
Currently, the precision and sensibility
of these technologies is consistently
being improved, and are being
developed in order to identify different
substances in waste flows.
This is the case of the use of radio
frequency identification tags (RFID) in
packaging, which enables identification
and sorting of individual items. This
technology involves the embedding of
RFID tags individually in packages,
which would in turn enable more
precise classification readings of the
different types of plastics.

Moreover, optic sensor separation has
increased its functionality since the
beginning of their implementation, with
the help of sensors capable of
identifying waste items according to
their composition.
Although the majority of optic sensors
nowadays use heat-sensitive cameras,
UV sensors and IR spectroscopy, the
latest advances are focused on laser
optic classification, and although it
presents higher costs, capture results
could reach up to 99,7% (Saleem, 2018).

Image 3. Comparison between live image and image based on false colour of tagged PET bottles. Source: Küppers et al. (2019)
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Nevertheless, the concept of emerging
technology for the classification and
sorting of waste relies on the
combination
of
both
of
the
aforementioned technologies (robotics
and recognition), with the recognition
of waste and an automatic response,
regardless of type and size of the item.
In this way, this combination is
beneficial in terms of classification and
sorting efficiency, as it means a high
rate of recovery, a low operational cost,
and a higher capacity of reorganization,
which in turn translates into a reduction
in the carbon footprint and a reduction
in emissions in the manufacturing of
products that use recycled materials in
their production process.

For instance, Japan has, in recent years,
started using a bottle classification
system which uses automated systems
alongside optic sensors, and calibrate,
align and cleans these containers. The
main goal of this system is the sorting of
these packages in terms of their size
and later their colour, grinding them,
thus reducing their volume and storage.
The implementation of recognition
sensors
such
as
the
ones
aforementioned (NIR, VIS, LIBS, XRT,
XRF or EMS) in classification and sorting
plants would increase the response
time and optimise environmental
benefits, as well as reducing the
amount of waste taken deposited in
dumps or incinerated.

Image 4. ZenRobotics rapid selector. Source: www.zenrobotics.com
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3. INVESTIGATION LINES PROMOTED
BY THE EU
Since the 80s, the importance of
environmental and natural resource
protection policies has been steadily
increasing. This is due to the fact that
the threat of environmental damage
and degradation that weighs over the
environment
is
far
from
being
controlled. Fortunately, more and more
people, aware of the latent dangers,
demand
protective
measures
committed on a national, and, above all,
European level (European Commission).
Waste can represent a huge loss in
resources, matter and energy-wise.
Moreover, waste management and
removal can have a considerable
environmental impact. Dumps occupy
large areas and can contaminate air,
water and soil, while incineration gives
way to dangerous emissions of
pollutants to the atmosphere. For this,
the EU has implemented waste
management policies, in order to
reduce
health
and
environment
impacts, as well as to increase the
efficiency of the use of resources, with
the long-term goal of reducing the
amount of waste generated when its
generation is unavoidable, promoting
waste as a resource and to achieve
higher recycling rates and safe waste
removal (EC, 2016).
The EU is highly invested in MSW
reusage through the

Presently, waste management experts
agree on the need to invest in the
upgrading of MSW classification and
sorting plants, in order to promote
Circular Economy.
Specifically, this investment implies the
need of investing in technology within
the sector. Hence, it is paramount to
search for advanced technologies and
systems for the treatment, sorting and
valorisation of MSW in new plants
(ECOTICIAS, 2020).
The technological tendency of MSW
classification and sorting based on optic
sensors is lately gaining greater
attention. This is due to the fact that in
the past few years, automation in MSW
sorting has successfully reached high
rates of waste recovery (Robben &
Wotruba, 2019).
According
to
the
European
Commission, the European fund for
strategic investments (EFSI), also known
as Plan Juncker) is financing recycling
projects, and the European structural
and investment funds have invested
500
million
euro
for
waste
management and 650 million euro for
the financing of EU Horizon 2020, for
Research and Innovation, incineration
processes.
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The
main
European
waste
management financing projects are:
LIFE programs, Horizon Europe, Horizon
2020, or COSME programs.

Image 5. Logotipos Programas de Financiación Europeos: Life, Séptimo Programa Marco, Horizonte 2020,
CLIMATE-KIC, COSME : Source: Google Imágenes/ https://ec.europa.eu/.
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4. ACHIEVED DEVELOPMENTS. PATENTS
In the present document, 13 patents
from various leaders in technology have
been studied, in regards to waste
classification
and/or
sorting
technologies,

Company

among
which
TOMRA,
ROLLING
HOLDINGS INC, CP MANUFACTURING
INC stand out, among others.

Name of the invention

Date

TOMRA

Drink and food container classification
device.

dic-19

TOMRA

Optic receptor, photosystem and waste
recovery machine

may-17

TOMRA

Sistemas de detección de material por color

jun-16

TOMRA

Particular property and radiation
transmissivity classification system

may-15

ROLLIN HOLDINGS LLC

Advanced methods and systems for solid
waste classification

feb-18

ROLLIN HOLDINGS LLC

Mechanised system for mixed solid waste
and recyclable item recovery with optic
classification

may-15

CAREFUSION 303 INC

Extractible coating waste classification
system

feb-10

TAV HOLDINGS INC

Method and system for item separation
with agitation, stratification and vertical
movement

nov-19

TAV HOLDINGS INC

Method and system for waste sorting with
mail and vacuum litter

jul-19

TAV HOLDINGS INC

Wire and other metals classification and
recovery system

jun-14

CP MANUFACTURING INC

Suction chamber rotative classification
device

ene-17

STRATEGIC MATERIALS INC

Method and system for glass separation
based on type and colour

may-13

Machine with artificial scope for colourbased automatic separation of recyclable
plastics and with multispectral scope

may-12

PICVISA MACHINE VISION
SYSTEMS SL

Table 2. Patent identification. Source: Prepared by the authors
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5. IDENTIFICATION OF LEADERS IN TECHNOLOGY
Many companies are currently investing
in innovative waste classification and
sorting technologies, among which
ZENROBOTICS,
BIANNA,
PICVISA,
SADAKO TECHNOLOGIES and TOMRA
stand out, among others.
Company

The majority of these companies have
started developing systems that use
sensor-based digitalisation in order to
capacitate
them
with
Artificial
Intelligence, which in turn enable the
use of Big Data for machine-learning.

Name of the invention

Date

BIYECTIVA TECHNOLOGY
SL

SPAIN (R. Murcia)

2.018

GENIOTIC SOLUTIONS SL

SPAIN (R. Murcia)

2.005

BINARII AUTOMATION
ENGINEERING

SPAIN (R. Murcia)

2.016

AI TALENTUM

SPAIN (R. Murcia)

2.013

SPAIN (Girona)

1.990

PICVISA OPTICAL
SORTING

SPAIN (Barcelona)

2.007

SADAKO TECHNOLOGIES

SPAIN (Barcelona)

2.012

BHS HANDLING SYSTEMS

USA

1.976

TOMRA

NORWAY

1.972

STEINERT

GERMANY

1.889

FINLAND

2.007

STRATEGIC MATERIALS
INC

USA

1.896

AMP ROBOTICS

USA

2.015

GERMANY

2.012

FRANCE

2.001

ATTERO ENERGIEK MET
MILIEU

NETHERLANDS

2.010

BLUEMATS TECHNOLOGY
BV

NETHERLANDS

2.017

DER GRÜNE PUNKT

GERMANY

1.990

ROLBATCH GMBH

GERMANY

1.984

TAV HOLDINGS INC

NORWAY

1.972

CP MANUFACTURING INC

USA

1.977

SESOTEC INC

USA

1.976

BIANNA RECYCLING

ZENROBOTIC

EGGERSMANN
RECYCLING TECHNOLOGY
PELLENC ST

Table 3. TECHNOLOGICAL LEADERS. Source: Prepared by the authors.
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6. MARKET AND PRODUCT STATE
Historically speaking, the most common
MSWE disposal method in the currentday EU countries was controlled
dumping. However, in the past few years,
the most countries have reduced the use
of this method for waste treatment, due
to the environmental impacts they bring,
such as pollution by lixiviates, limited
space, etc.

Waste dumping is expected to be
completely stopped by 2030, save for
the 5% of waste that cannot be
valorised. For this purpose, the
European Commission will intensify
compliance of Regulation (EC) no
1013/2006, regarding waste treatment
Some of the goals established by the EC
for all member countries (EU Directive
2018/850) are:.

Regarding MSW, recycle and reuse 55% by 2025,
60% by 2030, and 65% by 2035.
Regarding textiles and dangerous home waste, a
selective collection must be established by 2025
In regards to dumping, any and all waste that can
be recycled must have its entrance to dumps
prohibited by 2030, and the dumping of MSW must
be limited to a maximum of 10% by 2035.

Currently, waste management experts
agree on the need to invest in the
upgrading of MSW classification and
sorting plants, in order to promote
Circular Economy. Specifically, this
investment implies the need of
investing in technology within the
sector.

Hence, it is paramount to search for
advanced technologies and systems for
the treatment, sorting and valorisation
of MSW in new plants (ECOTICIAS,
2020).
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The latest technological advances in the
waste
classification
and
sorting
technologies are focused on Big Data as
a fundamental element of digitalization,
together with AI, so as to enable
structuring, analysis and evaluation
efforts, by helping manage massive
amounts of data through computer
programs.
In the same way, with Machine
Learning, classification plants will be
able to carry out future prognostics and
optimise them with the use of large
amounts of data gathered in the work
chain.
As with other industrial sectors, the use
of
digital
systems
in
waste
management is increasingly attractive
as a driver for innovation, which opens
up ample opportunities for companies,
as robotics can learn with experience
and carry out an increasingly more
efficient classification, as well as
increase the speed of transport belts.
Because of this, waste management
plant companies are starting to invest in
this type of technology, which brings
the future of waste classification and
sorting quite close, and thus an
improvement in sustainability and
circular economy in all industrial
sectors.

Presently, several plants exist where AI
systems are being implemented in the
process of waste classification and
sorting, as is the case of the Ecoparc 4,
located in Hostalets de Pierola,
Barcelona, which implements the
robotic systems that are experimented
with by Ferrovial within the ZRR project
for Municipals Waste (RETEMA, 2018), or
the case of the Preindustrial Recycling
Plant of Alhedín, Granada. Here, the first
preindustrial pilot demonstration of a
new affordable recycling solution based
on optic separation, washing and
extrusion has bee carried out. This is
encompassed in the LIFEPLASMIX
project.
On an international level, the Dutch
plant of Attero, Wijster, a new process of
large-scale resource (LDPE plastics)
recovery has been implemented, and is
encompassed in the AGANFOILS project
(and part of the LIFE Program). Another
example is the case of the waste
treatment plant of SULAYR GT in
Austria, within the LIFE project of
rPack2L (FuturENVIRO, 2017).
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Image 6. ZenRobotics Oy – ROBOLUTION PROJECT 1. Source: www.zenrobotics.com

19

7. DETECTED OPPORTUNITIES
In actuality, digitalization of waste
treatment plants revolves around 30%,
which
makes
way
for
ample
opportunities for managing companies
to invest in this type of technologies
(RBI, 2015).
The global demand for environmentally
friendly products and the acceptance of
the idea of a sustainable economy are
steadily increasing, which supposes a
significant market boost, and it is
estimated to increase to 5 385 million

euro by 2025, an increase of almost
100% in regards to 2013 values (Sarc et
al., 2019).
This means that there will be a need for
more
efficient
plants
that
use
innovative technologies, such as AI,
recognition
systems
or
robotic
automation, as well as being able to
handle large amounts of data (Big
Data).

Image 7. Digitalization along the value chain Source: Sarc et al. (2019)

New technologies are increasingly
being
implemented
in
waste
classification and sorting plants so as to
optimise the selection process, thus
reducing the quantity of waste being
dumped or incinerated.

However, there is ample room for
improvement in terms of recovery of
resources, due to the complexity of
identifying waste, waste distortion, the
amount of existing and recoverable
matter, the intermixture of various
materials in a single residue, etc.,
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as well as the technology used, as most
contemporary systems do not reach a
recovery rate of 100%.
The newest technologies will play a
crucial role as enablers of the
conversion of this sector towards
circular economy, where secondary raw
materials can be obtained,

and compete with raw materials. This
makes it essential for this technology to
be able to increase valorisation
numbers, helping the recovery of
materials that currently are part of the
non-recoverable fraction of waste.

Image 8.
Visual recognition of waste.
L’Hospitalet case (SADAKO).
Source: La Vanguardia

There are currently several innovation
programs in MSW classification and
sorting,
which
employ
new
technologies in order to increase

the quantity and quality of valorised
materials and overcome barriers in the
waste sector:
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AI will be able to convey the composition of raw materials and waste, as
well as include a matter balance in the whole selection process
RFID tags will permit a greater traceability of selected materials, a better
storage management, and ultimately, a optimization of plant logistics
Sensor-equipped drones, such as vision or thermal, being able to
integrate AI in order to improve the inspection of waste stored in the
beginning of the process, detection of anomalies or the improvement of
health and safety of MSW classification and sorting plants
Robotics systems applied in maintenance and hygiene in selection
plants will reduce workforce in waste management companies and will
improve the capacity of treatment
Dual systems comprised of robotics and AI will improve MSW selection
capacity, gaining a higher number and quality of recovered resources,
and indirectly, improve worker’s working conditions and welfare.

Image 9.
JETSON NANO’s Robotic arm,
with visual AI recognition for
waste. Source: JETSON NANO

Among the new abilities that optics
and/or AI have contributed to industrial
robotics, the possibility of identifying
and recognising resources in complex
environments, or materials with highly

heterogenous form and composition.
This opens up a new niche of
application in the waste management
sector, with the use of AI, robotics and
Big Data.
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All this helps plants overcome barriers
or solve issues, thus increasing the rate
of recovery and decreasing the amount
of waste taken to dumps. As mentioned
before, the automation of MSW
classification and sorting plants is an
innovative technology and poses a great
opportunity regarding implementation
in these plants, as material and resource
recognition with the associated
algorithms require proper hardware
installation in order to successfully carry
out the implementation of AI (Robotics)
(Sarc et al., 2019).

Robotic systems are able to carry out
several classification tasks, increasing
the sorting capacity of waste. Moreover,
if need be, they could classify waste
fractions that, due to their size,
composition or other factor, cannot be
separated. In fact, many manufacturers
see the usage of robotic technologies
and optic sensor classifying systems as
the ideal solution for the future, due to
their efficiency in sorting waste and the
high speed of the response-time when
combined with other sensors (Sarc et al.,
2019).

Image 10. AI waste sorting. Source: PICVISA
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