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1 Context and Introduction to Training 
 
This booklet is supplementing the teaching materials and the set of further supporting 
booklets that have been developed to support teachers in conducting training courses 
related to the sustainable management of critical raw materials. 
 
SusCritMat aims to educate people from Master’s student level up, both in industry and 
academia about important aspects of sustainable critical raw materials. In a novel 
concept, it introduces courses on these complex and interdisciplinary topics in a modular 
structure, adaptable to a variety of different formats and accessible to both students and 
managers in industry. These courses will develop new skills, which will help participants 
to better understand the impact and role of critical raw materials in the whole value chain; 
enabling them to identify and mitigate risks. Understanding the bigger picture and the 
interconnected nature of global business and society is increasingly necessary to and 
valued by industry. 
SusCritMat is an EU-funded project that brings together the technical and pedagogical 
expertise of leading educational institutions and business partners. It uses and creates 
teaching materials which can be combined into different course formats. 
 
The collection of training manuals presents the key messages related with the sustainable 
management of critical raw materials in three major sections: 

• Introduction to criticality  

• Analysis of criticality  

• Solutions for sustainable management  
In particular, the solutions part will be in the focus. The intention is to underline the 
possibilities that are available to approach and implement a circular economy for critical 
raw materials and the products bearing these. Doing so the concrete actions, i.e. the 
things that can be done, are highlighted, instead of only mentioning all sorts of associated 
problems or barriers in the context of CRMs. 
 
The overall goal of the SusCritMat project is to qualify lecturers to teach the topics 
themselves. Therefore, the teaching resources do not only provide an introduction and 
improved insight into selected thematic issues, but also deliver a set of teaching materials 
“ready-to-use”. 

o Learning targets that will be reached after having taught the courses 
o Presentations on the specific topics including also notes on how to present the 

slides and key messages. 
o Group work exercises including the task or question to work on, if applicable 

further reading on the methodology and the solutions in case of tasks requiring 
calculations. 

o Assessment questions and the correct answers for each specific topic. 
o Additional reading for each topic.  
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1.1 Training Materials List 
 
The SusCritMat project developed the following teaching materials:  
 

Basics 

Critical Resources for Emerging Technologies 

Criticality 

Supply Chain Resilience 

Supply Risk Factors 

Circularity 

Circular Economy 

Characterizing the Urban Mine 

Circular Business Models 

Waste Management and Recycling Potential 

Closing Loops on Product Level 

Governance 

Geopolitical Aspects 

Metals & CRM Scenarios 

Restricted Substances Legislation 

Impact on Society and the Environment 

Sustainability Assessment 

Responsible Mining 

Responsible Sourcing / Certification 

Environmental Aspects 

Sustainable Materials Usage 

CRM and Sustainable Development 

Tools 

MFA - Material Flow Management 

Good Use of Data 

LCA – Life Cycle Assessment 

Process Models based on LCA 
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1.2 Suggested timetable 
 
The estimated time for this lecture is 60 min. However, depending on the pre-existing 
knowledge or group size the time can be extended. 
 

1.3 Key Messages for Waste Management and Recycling Potentials 
 

• Recycling is a vital component of a Circular Economy and one of the three pillars 
of the EU’s Raw Materials Initiative and part of its legislation.  

• Recycling is inevitable in a world of finite resources.  

• Recycling requires a whole recycling process chain: logistics and collection, 
dismantling, pre-processing and recycling technology.  

• The challenge in recovery yields today is that the higher the recovery rate, the 
lower the purity; a proper balance needs to be found. Therefore, recyclability 
should be taken into account in the design phase of the products. 

• Re-use or service-based business models constitute another way of retaining value 
in the economy. 

 

1.4 Learning Objectives for Waste Management and Recycling Potentials 
 

• Explain the broad legislative framework of recycling in Europe 

• Recognize the importance of recycling for and within the Circular Economy 

• Explain the different process steps recycling requires 

• Know about the problems in recycling today 

• Suggest solutions 
 

1.5 Additional Reading for Waste Management and Recycling Potentials 
 
UNEP (2011) „Recycling rates of metals“, Graedel T. E.; Allwood J.; Birat J.-P.; Reck, B.K.; 
Sibley S.F.; Sonnemann G.; Buchert, M.; Hagelüken C. United Nations Environment 
Programme (UNEP), 2011. 
 
M. A. Reuter, A. van Schaik, M. Ballester “Limits of the Circular Economy: Fairphone 
Modular Design Pushing the Limits”; World of Metallurgy – ERZMETALL 71(2), 2018. 
 
  



 

       6 

2 Slides and Notes for Waste Management and Recycling 
Potentials 

 

 

In this lecture you will get an introduction to waste 
management in Europe and the resulting 
potentials arising from the recovery of secondary 
raw materials. 
 

 

The agenda is organized in 5 thematic sections that 
will be completed by a summary:  

• We will start with an introduction to the 
role of recycling within the Circular 
Economy and focus on waste 
management in Europe and the 
associated legislation framework.  

• Then we will turn our attention to the 
implementation of recycling in practice 
and have a look on the recycling process 
chain and the related technologies that 
are used. Recovery yields will be 
discussed as well as the parameters that 
influence them and different figures of 
merit that are considered in this context. 

• The next topic to talk about is re-use and 
the application of different service-based 
business models that are other ways to 
retain value in the economy.  

• Last but not least some non-technological 
factors will be introduced briefly. 

 

This lecture targets the following learning 
objectives: 

• Learners will be able to explain how the 
broad legislative framework of recycling 
works in Europe. 

• They will have recognized the importance 
of recycling for and within the Circular 
Economy. 

• They can explain the different process 
steps that recycling requires in practice. 

• They know about the problems in 
recycling today and 

• They can suggest solutions e.g. how to 
increase the EoL recycling rate or how 
new business models can contribute to 
retain value in the economy. 
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Let us begin with the well-known illustration of a 
Circular Economy by the Ellen MacArthur 
Foundation. Within this picture, the lifecycles of 
biological (left side) and technical materials (right 
side) are shown.  
When technical materials or products are 
considered it can be seen that different loops exist 
to bring products, components or materials back 
into certain life cycle phases. In the action 
hierarchy that CE aims at, recycling takes the last 
priority as represented by the biggest loop (→ 
klick).  
In comparison with other re-options like re-use or 
re-manufacture the highest efforts have to be 
taken in recycling: Valuable elements have to be 
extracted from usually complex EoL products to 
feed in secondary raw materials into the 
production chain. 

 

What should then motivate us to recycle? 
As Europe is highly dependent on raw material 
imports, in particular CRMs, the European 
Commission launched the Raw Materials Initiative 
in 2008. It is an integrated strategy that is based on 
three pillars: 

• The first pillar aims at ensuring a fair and 
sustainable supply of raw materials from 
global markets- 

• The second pillar relates to fostering a 
sustainable supply of raw materials from 
Europe itself. 

• The third pillar intends to enhance 
resource efficiency and to promote 
recycling in order to provide secondary 
raw materials to the economy. 

The next slide will illustrate which valuable 
materials are contained in a common everyday 
product and where these are located. 

 

Consider a mobile phone. In this case we look at a 
rather old model that is probably more than 10 
years old. Nevertheless, the example will help us to 
understand where valuable materials are located 
on a printed circuit board (→ click).  
We will not see the complete picture but 
concentrate on three materials: gold, silver and tin 
which are key elements for contact materials and 
solder connections. 
→ click: By switching from the camera picture to 
an x-ray fluorescence image the locations of the 
named elements becomes apparent. The blue 
color indicates that the processors are connected 
with a gold-containing alloy. On the other hand, 
the green color which is representive for silver 
indicates that other units are connected with 
silver-containing alloys. Tin which is highlighted 
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with red color can be found in the basic solder 
connections on the PCB.  

 

We have seen that recycling plays an important 
role within the Raw Materials Initiative. Now, we 
will consider a more general perspective and have 
a look on the European waste management 
legislation. 
It consists of 5 main sub-categories. Within each 
sub-category, the individual legislative instruments 
are listed in chronological order.  On this as well as 
the subsequent slides you will find links on the 
bottom directing you to the respective homepage 
of the European Commission that will provide 
more information. 

• Sub-category 1 for example defines the 
framework for the legislation. In Europe 
waste is classified in the waste categories 
defined in the list of wastes. Furthermore, 
a waste hierarchy shall be applied. The 
highest priority is given to waste 
prevention, followed by preparing for re-
use and recycling. The least priority is 
given to other recovery like energy 
recovery by incineration and disposal. 

• Turn your attention to sub-category 3 
where legislation for specific waste 
streams is covered.  

What is meant by „specific waste streams“? 

 

One very prominent specific waste stream is waste 
electrical and electronic equipment. WEEE is a 
growing waste stream in the EU. According to 
Eurostat in 2016 around 4.5 million tons of waste 
electrical and electronic equipment were 
collected, thereof ca. 3.5 million tons from 
households. In the same year around 10.1 million 
tons of products were put on the market. 
  
Since 2019, the WEEE Directive sets a minimal 
collection target of 65 %. This means that a 
minimum of 65 % of electrical and electronic 
equipment placed on the market has to be 
collected. In fact, the directive defines collection 
targets for a period of 3 years and then increases 
them. From 2016 to 2019, the minimum collection 
target was 45 %. According to Eurostat the EU 
average value was however only 41 % in 2016, 
being below the target value. 
  
The targeted recovery rate is defined for the 
specific WEEE categories that we will learn more 
about in the course of the lecture. It varies 
between 55 and 80 %. For large household 
appliances like refrigerators, it amounts 80 %. 



 

       9 

However, also the preparation for re-use is 
included in this value. 

 

As you know, our every-day life gets more and 
more „electrified“, which requires mobile power 
supply. Furthermore, we experience the transition 
towards electric mobility. For this reason, another 
specific waste stream that is covered in the EU 
waste legislation is waste batteries and 
accumulators. 
  
The Battery Directive sets a minimal collection rate 
of 45 % by 2016. According to Eurostat 46 % of 
batteries sold were collected for recycling in the EU 
in 2017), so the collection target has been reached. 
  
The target recovery rate depends on the battery 
type and lies between 50 and 65 % as indicated at 
the bottom of the slide. 

 

Besides the European waste management 
regulation there are also regulations related to 
Sustainability and Circular Economy.  
  
The so-called Eco design Directive establishes a 
framework for the setting of eco design 
requirements for energy-related products. In other 
words, it gives advice for the design of products 
with respect to a better recyclability or reuse.  
  
In addition, the Regulation 2017/1369 sets a 
framework for energy labelling. In both cases, the 
reduction of energy consumption is the goal. This 
is also achieved by eliminating the least performing 
products from the market. A rather recent example 
is the phase out of conventional light bulbs from 
the lighting market. By this means, more energy-
efficient lighting technologies have been promoted 
like energy saving bulbs and LED lamps. 

 

Now let us turn our attention to the actual 
treatment and processing of waste in practice. We 
will learn now, how recycling works. 
  
When we talk about recycling, we do not only 
mean the metallurgical process that is needed to 
extract valuable elements from a certain waste 
stream. Indeed, recycling involves a whole process 
chain as displayed on this slide. 
  
This process chain includes  

• logistics and collection, 
• (if so) dismantling and disassembly, 
• pre-processing and 
• the metallurgical or recycling process 

itself. 
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EoL-products enter the process chain and 
recyclates are generated.  
  
On the next slides we will proceed step by step and 
you will get some insight into each of the sub-
processes involved. 

 

Let us consider the first sub-process, which is 
logistics and collection.  
  
It is rather self-explanatory why this process step is 
very important within the recycling process chain: 
What is not collected cannot be recycled! 
The picture at the right side of the slide might seem 
chaotic. However, it is a good representative for 
the collection of waste electric and electronic 
equipment in practice. It can be seen that these 
waste products are collected in certain 
compartments. In the front, we see more small 
household appliances, while in the compartment in 
the background this is desktop PCs. We will come 
to these product categories on the next slide. 
  
What factors are important? 
The example illustrates that there is obviously 
some sort of collection and logistics infrastructure 
available. On the other hand, the end-of-life 
products need to reach the right places as the one 
shown on the picture. In other words, this 
collection infrastructure needs to have collection 
points that are accessible and known by the 
stakeholders that are addressed. The recycling 
process chain can only be successful, if it gets the 
support and acceptance of the ones that provide 
the input. This is for example ourselves! 

 

On the next two slides, you will get some insights 
into collection schemes and infrastructure.  
  
In the first example we consider again waste 
electric and electronic equipment. In this case 
public waste disposal authorities are in charge of 
the collection. 
  
The table on the right hand side of the slide lists 
the EEE product categories as defined in the WEEE 
Directive. 10 categories are available that also set 
the frame for the collection of these products. If 
you remember the picture from the slide before it 
is clear now why the compartments were filled as 
depicted. The reason is that each EEE or WEEE 
product category has specific properties and thus 
requires a different scope of attention. 
  
If we consider category 5, which is lighting 
equipment, it becomes apparent why lamps are 
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collected separately. Some lamp types – namely 
fluorescent lamps / energy saving bulbs - contain 
mercury, which is a toxic element. The 
contamination of other waste streams with 
mercury needs to be avoided. On the other hand, 
mercury is needed to provide the functionality of 
the product. Without the excitation of the lamp 
phosphors by the mercury emission, no light would 
be generated. 
  
Annotation: Similar examples using other EEE 
product categories can be chosen, the explanation 
needs then adaption. However, the next example 
can be considered as a continuation of the line of 
argument as it illustrates the European collection 
scheme for lamps. 

 

The second example considers waste lamps and 
how they are collected at their end-of-life. 
The responsible association for the collection and 
recycling of lighting equipment in Europe is 
EucoLight. The member states are illustrated on 
the map. If you are from Germany you might know 
Lightcycle, as a French you could know récylum, in 
Italy ecolamp and so on. 

 

Let us move on to the second process step of the 
recycling process chain, which is dismantling and 
disassembly.  
  
In this case the motivation is manifold:  

• Remove dangerous and/ or hazardous 
substances 

• Remove marketable part or components 
• Make subsequent recycling steps easier. 

  
The example that can illustrate the need for this 
step very nicely is the recycling of end-of-life 
vehicles (→ klick). We know that cars contain 
several liquids like the fuel or oil. They are removed 
from end-of-life vehicles prior to the next 
processing steps. In addition, all marketable 
components like the headlamps are dismounted to 
generate profit. Other components like the 
windshield or the tires are removed as well. This is 
done to make subsequent recycling steps easier 
and to remove certain material fractions from the 
remaining material mix. 
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The pre-processing step has two objectives,  
• generation of smaller parts to process 

further and  
• separation and sorting to generate more 

homogeneous fractions to be treated. 
  
(→ Klick) Let us concentrate first on crushing 
techniques. The available technologies rely on 
mechanical treatment that involves cutting, 
tearing or ripping of materials, shearing, etc. The 
probably most well-known crushing technology is 
shredding. Besides, also rotary shears or 
Querstromzerspaner are in use for certain 
applications. 

 

The second objective of the pre-processing step is 
the separation and sorting of the comminuted 
material mix.  
Several technologies are in use: Solid material 
fractions are usually treated with a magnet 
separator to remove the ferrous metals. Eddy 
current separation then helps to remove non-
ferrous materials from the mix. We will learn how 
these separation techniques work on the next 
slides. 
  
If the material to be treated is available in a small 
size or already in liquid medium (usually water), 
flotation can be used for the separation of 
different materials.  
For the classification of material fraction by size 
sieving is the method that we all know since our 
early childhood days. 

 

What is the working principle of magnet 
separation? 
  
Often it is the first step to treat mixed waste. It is 
transported on a conveyor belt until it reaches a 
magnetic head pulley. Ferrous metals are attracted 
and directed by the magnetic field until they fall 
into a container placed under the conveyor belt 
and the magnetic head pulley. Non-ferrous 
materials do not feel the magnetic field and 
therefore fall off the conveyor belt and are 
collected in a separate container. 
  
By this technique, for example iron-based alloys 
can be separated from plastics or aluminum pieces. 
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If we stick to this example, how can aluminum be 
separated from plastics? Both are non-ferrous-
materials. 
  
For eddy current separation, the mixed waste is 
again spread on a conveyer belt transporting it 
towards a head drum with permanent magnets. 
Non-ferrous metals will be thrown forward from 
the belt into a container, while non-metal waste 
simply falls off the belt due to gravity. 
  
The reason for this behavior is that eddy currents 
are induced within conductors by a changing 
magnetic field in the conductor. In this example, 
this is due to the relative motion between the 
magnets and the nearby transported electrically 
conductive waste. By Lenz's law, an eddy current 
creates a magnetic field that opposes the change 
in the magnetic field that created it, and thus eddy 
currents react back on the source of the magnetic 
field.  

 

Following our example, ferrous metals and non-
ferrous metal could be separated from the waste 
mix having used magnetic separation and eddy 
current separation. How to proceed with the 
plastic mixture that remains? 
  
To fulfill this sorting task, sensor-based sorting is 
employed. For plastic materials a near-infrared 
(NIR) sensor is common. The separation is done 
based on the NIR footprint of the plastic material. 
In case the desired NIR footprint is detected, the 
respective plastic pieces are ejected by air nozzles. 
Other pieces simply fall into another container bin.  
  
Another possibility is the separation by color or 
shape that can be realized using a CCD camera. Of 
course also other properties might be used like x-
ray fluorescence emission. 
  
Different sensors can also be combined to perform 
the separation task. Assume that green 
polyethylene (PE) pieces are to be separated from 
red PE pieces. This would require a combination of 
a NIR sensor and the camera. 

 

We will now have a look at a separation task that is 
performed within a currently running EIT Raw 
Materials project called DISPLAY. The waste stream 
to be treated is mobile phones. The objective of 
the project is to upscale and implement an 
innovative process cascade specified to recover 
raw materials from electronic display appliances 
and printed circuit boards. 
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The tasks to be done are 
• Selective separation via electro-hydraulic 

fragmentation method, 
• Sorting into valuable metal fractions and 
• Separation of plastics 

  
On the right hand side of the slide a pre-processing 
process sequence is depicted: 
In a first step, air is used to remove thin films and 
plastic foils from the already fragmented 
smartphone mix. Then, color separation is 
employed to separate the printed circuit boards 
followed by eddy current separation to remove 
non-ferrous metals. In a last step magnet 
separation is used to remove the ferrous fraction. 
Bigger plastic pieces and glass pieces remain. 
Within the DISPLAY project, plastics are processed 
further with the solvent based CreaSolv® process. 

 

Let us move on to the next step within the recycling 
process chain. It is the actual recycling technology, 
meaning the metallurgical processes that are 
needed to extract valuable elements. 
  
The first technology that will be discussed is 
pyrometallurgy. It is the recovery of metals or 
alloys by thermal treatment at temperatures from 
a few 100 °C to well above 1000 °C. At least one 
metal is in its liquid phase. Flux reactions with 
impurities such as silicon compounds may occur, 
requiring reducing agents. 
  
Usually the pyrometallurgical process consists of 
three steps: 

• Feed preparation 
• Smelting 
• Fire-refining or pyro-refining 

  
Due to the high temperatures that are required, 
the process is very energy-intensive. 

 

The second technology to extract valuable 
elements is hydrometallurgy. It is the recovery of 
metals from liquid medium at low temperature in 
the form of chemical compounds. Solid input, e.g. 
scrap, needs to be dissolved by appropriate 
solvents.  
  
Hydrometallurgical processes usually consist of 
three main steps: 

• Leaching for example with acids, 
• Solution concentration and purification 

for example by solvent-extraction or 
liquid-solid-separation and 

• Metal or metal compound recovery by 
precipitation or electrolysis. 
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As the input material needs to be dissolved, the 
process requires high amounts of solvents. 
However, compared to pyrometallurgy only low 
temperatures are involved. Often the reactions 
take place at room temperature. 

 

Let us consider two cases from practice. The first 
example is battery recycling by pyrometallurgy as 
offered by Umicore.  
  
On the left-hand side of the slide a simplified 
illustration of the Umicore recycling process is 
shown.  
  
End-of-life batteries are introduced into a smelter. 
Due to the very high temperatures, plastic parts or 
organic components decompose and go to the 
offgas cleaning. The metallic parts melt and form 
an alloy. This is granulated and subsequently 
refined in several steps (that are not shown here). 
  
The generated slag is on the one hand treated to 
produce rare earths concentrates and by 
hydrometallurgical processes rare earths oxides, 
on the other it is used as construction material.  
  
The refined alloy is treated by different 
hydrometallurgical steps to finally extract the 
targeted elements. In this example Nickel and 
Lithium or Lithium Cobalt compounds are 
generated as hydroxide or oxide. They can be used 
for the production of new Lithium ion or Nickel 
metal hydride (NiMH) batteries. 

 

The second case is lamp recycling by 
hydrometallurgy, which is for example performed 
by the Italian company Relight. The targeted 
elements are Yttrium, Europium, Gadolinium and 
Terbium.   
  
Rare earths elements are typical constituents of 
fluorescent lamps. In the graph on the right you see 
an exemplary emission spectrum of an energy 
saving lamp. Obviously, this lamp emits a three-
color white. The white light is generated by 
additive light mixing coming from three emitters. 
The red, green and blue emissions are due to 
trivalent europium and terbium and divalent 
europium as indicated in the spectrum. These 
elements are doped into inorganic matrices that 
themselves contain other rare earth elements like 
yttrium (in the form of Y2O3) and lanthanum (in 
the form of LaPO4). 
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In the Relight process glass particles coming from 
the glass bulb or tube are separated. The phosphor 
powder mixture is leached and the target elements 
precipitated as oxalate salts. 

 

At the end of the recycling process chain recyclates 
have been produced. The higher the quality of 
these compounds, the higher the price that can be 
claimed by the recycler. However, to generate high 
quality recyclates the invest in the recycling 
equipment and effort increases as well, so a trade-
off needs to be found between materials quality 
and economics of the recycling process. 
  
The grade or purity of the recyclate is a measure of 
the product quality. Therefore, careful sampling 
and analysis is required. 

 

We have now understood that recycling involves a 
whole recycling process chain. What factors then 
influence the value of the end-of-life recycling 
rate? 
  
It is of course the collection rate, the pre-
processing recovery rate and also the metallurgical 
recovery rate. 
  
The collection rate is the percentage of EoL 
products or materials collected for recycling with 
respect to the total available material. 
The pre-processing recovery rate is the percentage 
of secondary materials (scrap) physically separated 
from the collected EoL products. 
The metallurgical recovery rate is the percentage 
of end-use material recovered with respect to the 
materials content fed into the smelter or refinery. 

 

Consider the following situation: 
  
The waste stream to investigate is mobile phones. 
After their EoL 50 % of these products are 
collected. The losses during dismantling and pre-
processing amount 10 % and 20 %, respectively. 
The metallurgical recovery rate for precious metals 
is above 95 %.  
  
What is the resulting EoL recycling rate for precious 
metals from EoL mobile phones?  
  
From the above mentioned example we learn that 
the collection rate is 50% or 0.5. As the losses 
during dismantling amount 10 %, the dismantling 
recovery rate is 90% or 0.9. Similarly, the 20% 
losses in the pre-processing result in a pre-
processing recovery rate of 80% or 0.8. As the 
metallurgical recovery process is 95% an EoL 
recycling rate of about 34 % results (→ klick).  
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This example illustrates very nicely, how important 
the role of the collection phase is indeed for the 
overall recycling rate. 

 

In the report prepared by the working group to the 
International Resource Panel on global metal 
flows, different recycling rates are defined. They 
relate to the metal lifecycle as depicted in the 
schematic drawing.  
  
The recycled content corresponds to the recycled 
material amount in the total metal input flow i.e. 
from scrap and primary metal. 
  
The old scrap ratio is the share of old scrap in the 
total scrap flow.  
  
The end-of-life recycling rate is defined by the 
recycled end-of-life metal amount with respect to 
the amount of EoL products that are collected. On 
the next slide we will see the EoL recycling rate that 
was determined for 60 metals. 

 

The end-of-life recycling rates are quite high for 
mass metals like aluminum, iron or copper. The 
group of rare earths on the other hand has only 
very low recycling rates of below 1%.  
 

 

Coming back to the discussion about the quality of 
the recyclate, it has been already indicated that the 
grade of the secondary material and the recycling 
effort are related.  
  
In an ideal case, recovery is maximal and the grade 
of the recovered material as well. This would be 
the situation depicted by the red dot. A recycling 
rate that is as high as possible might be desired by 
recyclers. For the manufacturing industry the 
grade of the recovered material is most important. 
This is a contradiction in reality as there is an 
interdependence between grade, recovery rate 
and recycling costs.  
  
It is a real challenge in practice to find a proper 
balance!  
Consider the blue dots and blue lines depicted in 
the graph. The blue lines represent two examples 
for the real dependence of grade and recovery 
rate. If a certain quality level of the recyclate is 
required (dotted line), then the respective blue 
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dots mark the recovery rates that are to be 
expected. 

 

Ways to improve recovery yields already have 
been hinted on when we talked about the 
European legislation on eco-design.  
  
Design for Recycling guidelines are: 

• Avoid the use of materials and 
components that are difficult to recycle in 
standard recycling processes. 

• Give preference to materials that can be 
recycled easily. 

• Minimize the variety in the materials that 
are used in the product. 

• Minimize the different types of 
connections in a product. 

 

To illustrate the importance of the latter point, we 
will have a look on the release behavior of different 
forms of connectors of a part in the product. 
  
If the connector is bolts or rivets the liberation 
characteristic is highly random. On the other hand, 
adhesives or glues behave very similar and show a 
low randomness during liberation. Welds and 
insertions on the contrary are somewhat in 
between and show a medium random release 
behavior.  

 

Looking again at the butterfly diagram of the Ellen 
MacArthur foundation recycling is not the only way 
to retain value in the economy. Re-use on different 
levels provides more possibilities. 
  
By refurbishment and remanufacturing parts can 
be updated, cleaned or replaced. 
If the product is still functional, redistribution and 
direct reuse can be envisaged. This is then second 
hand product trade.  
In case only one or few components are broken, 
repair of these parts can be considered. 

 

Thinking more deeply about reuse reveals a 
paradox: If the products are used or intended to be 
used for a long time, the less products are sold and 
the less the turnover for the product seller is. How 
to make money then, if less products are sold? 
  
The solution is new business models! One could 
say: Don‘t sell a washing machine, but a washing 
service! 
  
(→ klick) Does this sound familiar to you? It might, 
as it is a classical example of new business models 
within a Circular Economy. 
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Product service systems can be classified into 
product-oriented business models and use 
oriented business models. 
  
Product oriented services or advice mean that the 
product is sold in combination with a product-
related service or a use-related service. Examples 
are the selling of a car in combination with a 
maintenance service for a certain period or an eco-
car driving course. 
  
(→ klick) Use oriented services can be manifold.  
In the product lease case you can exclusively use a 
product without being the owner. 
During product sharing or renting you non-
exclusively use the respective product. In case of 
sharing the consumer is the owner, in case of 
renting the owner is the service provider. 
  
In a pay-per-service unit case the user pays for the 
output of the product according to the use level, 
for example the number of pages printed or the 
kilometers driven. 

 

Today, we already find examples of new business 
models in all kind of industry branches and product 
groups. The two examples given on this slide relate 
both to B2B (business-to-business). 
  
The company Hilti is known for its professional 
power tools. Nowadays, Hilti does not only sell 
these products but offers also services for its 
customers. The offered fleet management for tools 
guarantees for example that power tools are 
always available in the amount that is needed, in 
good condition and on the right time. The On!Track 
software is a tool that helps administrating the 
utilities. 
  
The company Xerox offers the so-called PagePack 
which guarantees fixed costs per printed page and 
an all-inclusive contract for consumables and 
printer service. 

 

A collection of more examples can be found on the 
bmix website. BMIX stands for “The Business 
Model Innovation Grid” and is produced and 
maintained by “Circular Flanders”. These examples 
are clustered in eight different strategy types that 
are related to technological, social and 
organizational issues: 

• Optimization, circularity and substitution 
with renewables 

• Functionality not ownership, stewardship 
and slow consumption and 

• Co-creation and social entrepreneurship. 
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We have talked a lot about the recycling process 
chain and the tasks to be done and technologies 
that are employed. You got to know typical 
recycling rates and have been introduces to new 
business models for the circular economy.  

 

When we talk about waste management and 
recycling this is not the whole story. Other non-
technological factors do also play an important 
role, not only in Europe but also in other countries 
of the world.  
At the end of 2017 China banned the import of 
waste of most residential recyclables. This affects 
many countries like the US but also Germany and 
the UK. On the right side of the slide some 
headlines from newspapers are depicted pointing 
to the impact of the waste import ban. They are to 
be understood as representatives of similar reports 
in other media and other countries. 
  
The diagram on the lift hand side of the slide 
illustrates the consequences of the waste import 
ban of plastics. The four biggest exporters are 
Germany, Japan, the USA and the UK. They account 
for approximately 50 % of global plastic exports or 
about 3.6 million tons of plastic waste. As China 
does not accept to import this waste any more, the 
export switched to countries like Malaysia, China 
and other Asian countries. 

 

Another very important tendency today is the 
growing environmental concern that is or example 
expressed in Fridays for Future but also in the vivid 
discussion about ocean pollution by plastic waste. 
Pictures like the ones shown here are present in 
the public perception. They support the need that 
the natural environment should be protected in a 
better way.  

 

In summary, recycling is a vital component of a 
Circular Economy and inevitable in a world of finite 
resources.  
  
It is one of the three pillars of the EU’s Raw 
Materials Initiative and part of its legislation.  
  
Recycling does not only require adequate 
extraction technologies to recover valuable 
elements but indeed relates to a whole recycling 
process chain.  
  
In practice, it is a challenging task: the higher the 
recovery rate, the lower the purity of the recyclate. 
For this reason a balance needs to be found.  
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To foster recycling the recyclability of products 
should be taken into account already in the design 
phase. 
  
Last but not least, re-use or service-based business 
models constitute another way of retaining value 
in the economy. 
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3 Assessment Questions 
 
Which strategy is part of the European Raw Materials Initiative? 
Answer 1: fostering supply within the EU (correct) 
Answer 2: promoting recycling (correct) 
Answer 3: restricting the imports of raw material from specific countries (wrong) 
Answer 4: securing supply from international markets (correct) 
 
Which sub-process is part of the recycling process chain? 
Answer 1: pre-processing (correct) 
Answer 2: collection (correct) 
Answer 3: hydrometallurgy (correct) 
Answer 4: repair (wrong) 
 
What are important conditions for pyrometallurgical processes? 
Answer 1: the right solvent must be chosen (wrong) 
Answer 2: the temperature should be as low as possible (wrong) 
Answer 3: the output material is a metal or alloy (correct) 
Answer 4: subsequent refining (correct) 
 
What are important conditions for hydrometallurgical processes? 
Answer 1: a thermal treatment at temperatures above 1000°C (wrong) 
Answer 2: precipitation of the target metal from the liquid phase (correct) 
Answer 3: leaching of the target metal e.g. by an acid (correct) 
Answer 4: leaching at low temperatures (correct) 
 
Which factors influence the overall EoL recycling rate? 
Answer 1: the metallurgical recovery rate (correct) 
Answer 2: the collection rate (correct) 
Answer 3: the grade of the recyclate (wrong) 
Answer 4: losses during pre-processing (correct) 
 
Which of the following statements is correct? 
Answer 1: The optimization of pyro- and hydrometallurgical processes is the only way to 
increase recycling rates for critical raw materials. (wrong) 
Answer 2: Non-technological factors might have a high influence on waste logistics and 
waste treatment. (correct) 
Answer 3: The European Raw Material Initiative targets a secure and improved access to 
raw materials for the EU. (correct) 
Answer 4: The basic principle of a Circular Economy is to sell more products that can be 
returned for recycling. (wrong) 
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6 Disclaimer 

The teaching materials within the SusCritMat project have been prepared with great care 
and experienced several revisions. Nevertheless, the consortium assumes no liability for 
the topicality, completeness and correctness of the content provided.  

In case you have suggestions or other feedback how to improve the materials, we value 
your opinion: Please contact us via the project webpage https://suscritmat.eu/contact/. 
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