
 
 

 
1 INTRODUCTION 
 
The production of electrical and electronical equip-
ment (EEE) keeps growing with an increasing pace 
due to a rapid economic growth. These increasing 
quantities of products are accompanied with a sub-
stantial growth in waste from electrical and electron-
ical equipment (WEEE). The waste is mainly gener-
ated in Organisation for Economic Cooperation and 
Development (OECD) countries where the market is 
saturated with huge quantities of electrical and elec-
tronical goods [2]. But even so, WEEE tonnages in 
the EU are not to be underestimated, given the rapid 
development of new EEE products and the ever-re-
ducing lifetime of these consumer products [3].  
European legislation is in place to promote the recov-
ery and re-use of WEEE materials, such as the Euro-
pean Directive (2000/53/EC) and the WEEE directive 
(2002/96/EC), which state that at least 70-80% of ma-
terials of end-of-life vehicles and WEEE have to be 
recovered in the form of energy and/or materials. It is 
estimated that globally, 20-50 million tonnes of 
WEEE is generated annually and makes up five per-
cent of all municipal solid waste [4]. WEEE consists 
of a large variety of materials (mostly ferrous and 
non-ferrous metals, glass and plastics). A typical 
WEEE fraction contains 20-30 wt% plastics [3], 
which is even more in volume percentages as plastics 
typically have much lower densities than metals. The 
general composition of the plastic fraction itself is de-
picted in Figure 1: the main polymers  
 
 

 
 
present are acrylonitril-butadieen-styreen (ABS), 
high-impact polystyrene (HIPS), polycarbonate 
(PC), PC/ABS blends and polypropylene (PP) 
Theoretically, all of these polymers can be separated 
into monostreams of relatively high purity and then 

be reused in new product applications. However, 
some practical hurdles remain. One of the main chal-
lenges is the variability in the material composition 
between batches, due to the presence of polymer 
mixtures, additives or contaminations. Moreover, it 
is well known that polymers are subject to degrada-
tion, occurring both during their lifetime and during 
the reprocessing of the materials [4]. These will in-
evitably lead to a loss of quality, as will the presence 
of impurities of any kind.  
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Figure 1: Typical compostion of WEEE . [5] 



2 DESIGN FROM RECYCLING 
 
To present day, mechanical recycling remains the 
most ubiquitous pathway for the effective recycling 
of thermoplastics like these dominant WEEE poly-
mers [6]. In mechanical recycling, plastics are sorted, 
separated, cleaned if necessary, reduced in size by 
grinding and/or shredding and then reprocessed into 
a granulate fit for conversion. In many cases for 
WEEE plastics, the final reprocessing step includes 
the compounding of new additives and/or virgin ma-
terials in order to increase mechanical, lifetime or es-
thetical properties. Subsequently, the polymers need 
to be repurposed towards new products, be it in a 
closed-loop or open-loop application. However, un-
known is often unloved and many Original Equip-
ment Manufacturers (OEMs) are reticent to use mate-
rials for which they have little ‘feeling’. A simple 
technical data sheet typically does not suffice to con-
vince them [7] Hence, in order to valorise as much of 
these recycled polymers as possible, in an as high-
level application as possible, adapted product devel-
opment tools are required.  
 
Design from Recycling is such a product develop-
ment strategy [8][9], strongly complimentary to the 
better-known Design for Recycling, which focuses on 
product recyclability at end-of-life (EoL) by promot-
ing easy separation of different materials and an all-
round efficient material use [10]. Design for Recy-
cling is, via the Ecodesign Directive [11], heavily 
promoted by the European Commission within the 
framework of the Circular Economy [12].  

 
In Design from Recycling, the secondary raw mate-
rial originating from the recycled polymer waste of a 
previous product’s EoL is the starting point of a new 
product development. Key aspects of the strategy in-
clude a thorough characterization of the recycled pol-
ymer, adapted product (and mould) design to the re-
cycled polymer’s properties and identifying 

acceptable (cost-effective) strategies for the upgrad-
ing of the material quality (to product requirements) 
where necessary [9] Previously, this strategy has al-
ready been successfully implemented to successfully 
realize a high-quality consumer product made from 
the manufacturer’s own production waste [8].  

 
In developing new EEE appliances with recycled 
plastics, as in all product design, it often remains chal-
lenging for product developers to gain a good under-
standing of the quality and possibilities of available 
recycled materials [13]. Additionally, it is tempting to 
fall back on previous knowledge and choose within a 
set of standard used materials. This is a major hurdle 
for the increased use of post-consumer WEEE plas-
tics in new products, be they EEE appliances or other. 
To further facilitate the effective implementation of 
Design from Recycling specifically for with WEEE 
plastics, sector-specific tools have been developed in 
an intensive academic-industrial collaboration. Tools 
for Design from Recyling 

2.1 Product development guidelines 

The products (parts) that are to be made from WEEE 
plastics are differentiated into two categories: 
 

- A: New to be developed product 
- B: Existing product, existing production tool 

 
This differentiation is essential for which strategy to 
follow with respect to the materials. 
Category A, a new to be developed product, we con-
sider as ‘designing as usual’. The steps we take during 
the development process are no different than con-
ventional product development. By using the typical 
product development waterfall shown in Figure 2, the 
first important step after concept choice is to define 
the production process and the material group. This is 
typically based on product requirements and previous 

choose material (group) 

good geometry 

Good mould 

Good production process 

Good Concept  

Good product 
Figure 2: Design waterfall. 



 
 

experience. After that, determining the geometry of 
that part and a suitable mould and production process 
can be developed, keeping the specifics of the chosen 
material (group) in mind. Based on the use of recy-
cled material we anticipate making a guarantee for the 
overall production stability of the recycled material 
by making the design more robust. A main exception 
we make is to think from the start in user scenarios, 
so as to be able to foresee where a product or parts of 
a product will end up after the use phase. This is the 
fundament to make choices on concept level. At this 
stage, choice of materials is also initiated. Initially on 
a high level: does it have to be recyclable or biode-
gradable?  What material group (PE, PC/ABS, etc.) 
will be used? This also means that at this stage, the 
long-term availability of the materials must be 
known. The requirements given from the product 
must be translated to material requirements, which 
can be tuned within given boundaries. The typical be-
haviour of the chosen material will be investigated 
before ordering the mould (e.g. shrinkage) and devia-
tion in dimensions due to differential shrinkage (pres-
sure, flow behavior) will be corrected during release 
of the mould. 
 
Based on category B (existing product), there is an 
existing tool and all steps of the development water-
fall are already taken. This means that the only thing 
that changes is the virgin plastic that was used ini-
tially is replaced by a recycled plastic and is produced 
in the same geometry with the same mould. Therefore 
no development costs for designing the product will 
be necessary. Although this sounds easy, in reality 
changing the material in a given production environ-
ment has more impact than normally expected. Based 
on the given mould, the production process must be 
stable and the part geometry must be within specifi-
cations. This means that not only the mechanical 
properties of the virgin and the recycled plastic are 
virtually similar or the properties of the part that is 
made by recycled material is still within the part spec-
ifications, but for the converter also the material 
should behave the same as a virgin material. Espe-
cially the lot-to-lot stability is important. This can 
only be proven with a long term testing on production 
level. Test and verification on material and part level 
will be necessary to prove the new material can be 
released for production. Due to small variation in di-
mensions small changes in the tool could be imple-
mented to solve these issues. The way of working is 
often that beforehand, the most essential mechanical 
properties of the material are determined, then a small 
test is done on a small scale for first material test and 
then a large test in a production environment is done. 
Afterwards the parts are checked and tested, not only 
on short-term properties, but also on long-term be-
havior. In the end, the total product will require a new 
product release. 

2.2 The dEEEterminator tool 

A supporting tool, which was previously developed 
for the generic Design from Recycling strategy, was 
the so-called Determinator [9]. This is an injection 
moulding product, complimentary to the technical 
data sheet, which serves as a tactile tool for the 
product developer to evaluate the material hands-on 
and first-hand. As the existing Determinator is very 
generic in nature and because the EEE industry 
has some very specific feature requests, the initial 
design was adapted to suit this needs. As a result of 
this collaboration, the dEEEterminator was  
developed, as seen in figure 3. 
 

 

The dEEEterminator offers a wide variety of features, 
all with their own use in EEE products and possibility 
to show material properties. Some features also have 
a double purpose, not only giving an indication about 
the mechanical properties but also about the effects of 
contaminations and rheological properties. The 
dEEEterminator tool focusses on visualization of re-
cycled thermoplastic resins, but for comparing pur-
poses the tool can also be made out of the virgin coun-
terpart. 
 
The great variety of features in the dEEEterminator 
tool is detailed in Figure 4.  
 
A common feature in plastic parts is the (1) living 
hinge. This is a thin, flexible section of plastic that 
connects two halves which need to be able to move in 
an open-closed like relation to one another, like in 
shampoo bottle caps. Cable tie-down points are a pos-
sible use in an EEE part. Living hinges are commonly 
used in parts that need to be opened and closed mul-
tiple times, but it is also possible to use living hinges 
in parts that only need to be closed once. The ad-
vantage in using living hinges in plastic products is 

Figure 3: dEEEterminator design tool. 



the reduction of number of parts. This results in a 
lower moulding and assembly cost. The type of hinge 
used in this tool is the most simple and common type, 
namely the one-piece integral hinge and is used in 
parts made out of semi-crystalline resins such as pol-
ypropylene [14].  With this feature, not only the prop-
erties of the living hinge can be visually determined 
(e.g. durability and flexibility), but also some material 
related properties could be assessed, such as whether 
it is even possible to form a living hinge by injection 
moulding in a conventional mould. This will give an 
indication on the rheological properties and speed of 
solidification. It is also possible that due to contami-
nations in the recycled polymer with a diameter 
greater than 0.25 mm it is impossible to form the liv-
ing hinge. When the living hinge is formed, the mate-
rial can be evaluated on its suitability to be used for 
this purpose but also on how easy it is to break or tear 
the hinge, giving a first impression about the strength, 
stiffness and brittleness of the material. 
Text (2) is used on the dEEEterminator to indicate 
and give more information about certain features. The 

logos of the main design partners are  also added on 
the part. These texts and logos can also tell us more 
about the material. Text and logos in plastic parts are 
often used to indicate production information. This 
information must be clearly seen. If the material does 
not allow for the text/logos to be clearly formed this 
can give an indication about certain impurities in the 
material.  
 
Another widely used feature in EEE are snap fits (3), 
used for the connection of circuit boards to the prod-
uct. Snap fits come in a wide variety of shapes and 
sizes, tailored to their purpose. Snap fits can be de-
signed to be easily, hard or impossible to reopen with-
out damage to the part. In general snap fits allow for 
a cost reduction in assembly and disassembly for re-
cycling cost. By using snap fits, no additional materi-
als (like glue or screws) are used for assembly, 
thereby increasing the recyclability and decreasing 
the cost. Snap fits also allow for different kind of ma-
terials to be easily connected e.g. a plastic lid that 
snaps on a metal cannister. An esthetical advantage 

Figure 4: Features of the dEEEterminator. 



 
 

can be achieved with snap by using inner snaps with-
out access from the outside. Contributing to the low 
assembly cost is the energy needed for assembly, 
compared to other methods snap fits are the most en-
ergy efficient way to assemble a product. There is no 
necessity to use solvents or adhesives, this mean no 
health hazards and instantaneous bonding reducing 
waiting times. However there are limitations on the 
use. The mould can limit the use of snap fits as does 
the process e.g. internal strippable undercuts. Some 
types of snap fits are vulnerable to failure due to im-
proper design, fatigue and acceding stresses. Because 
snap fits are impossible to repair, failure can lead to a 
complete failure of the assembly unless enough re-
dundancy has bene foreseen. Snap fits require spe-
cific material properties to be successful, only the 
more ductile materials are suited. Thermal expansion 
can also result in loosening of the connection[14]. 
With this feature, the suitability of the material for 
snap fits can be evaluated.  
 
A less common feature is the square hole (4). This 
feature has a very specific purpose. Since square 
holes disrupt the flow of the molten polymer, pigment 
concentrations can be found around this feature. An-
other effect that can be evaluated is the weld line that 
might form, after the square hole in relation to the in-
jection point. This can give an indication about the 
rheological properties of the material. 
 
Polymer materials are susceptible to mould shrinkage 
(5). Therefore, moulds are usually designed to be big-
ger than the eventual part, and so counteracting the 
shrinkage of the material. Since this is a property that 
is mostly not given in the technical datasheet a shrink 
indication feature was added to the part. This feature 
allows for the user to measure a fixed mould distance 
(70 ± 0.02 mm) and then calculate the mould shrink-
age from the difference with the part distance.  
 
A feature used in almost every plastic part/product is 
the (supporting or connecting) rib. Ribs (6) come in 
all shapes and sizes; in this tool the selection was 
made for ribs with a width of 30 %, 40% 50% and 70 
% of the original thickness (3 mm). With this feature, 
it becomes possible to evaluate sink marks caused by 
the ribs, this can be done in combination with the sink 
mark indications (7) on the back of the tool. The abil-
ity to fill both ribs in line with and perpendicular to 
the flow will give an indication about the rheological 
properties. Possible contaminations can also disrupt 
the filling of these ribs, which also gives an indication 
about the purity of the resin. 
 
The screw boss (8) feature has many uses in the typi-
cal EEE product, as well as in other products. Exam-
ples of this are corded and cordless drills; in this prod-
uct, screws connect the two clamshell parts to each 
other. Here the screw taps its own threads in the screw 

boss and secures the two parts together. Advantages 
are the possibility to reopen the part for maintenance, 
fixing or replacing inner parts, as well as the strength 
of the connection, which exceeds that of snap fits. 
However, this way of assembling is more labour in-
tensive and requires extra materials (screws). The 
screw boss was added to make it possible to test the 
suitability of the material for this purpose by screwing 
in a screw and evaluating the force it requires to drive 
in the screw, checking if the materials breaks under 
the force exerted by the screw and the force required 
to pull the screw out of the boss.  
 
To reduce shear stresses during injection moulding, it 
is common to add a small dome (9) on the opposite 
side of the injection point. This makes it possible to 
inject the materials with higher speeds and so increase 
the production rate. This can also be added to avoid 
high shear stresses in sensitive materials. This feature 
was added on the part because of the wide variety of 
materials that will be used to make this tool. This al-
lows for the best possibly chance to produce a suc-
cessful product. 
A feature that is solely used for the evaluation of me-
chanical properties of the material is the stiffness test 
(10). The stiffness test is a bar (thickness of 1.5mm) 
that can be pushed down with a finger to evaluate 
stiffness. The first time this is done, a break loose con-
nection must be broken which can give an indication 
about the strength and brittleness of the material. By 
holding the stiffness feature down for a certain 
amount of time and then releasing, the stress relaxa-
tion can be evaluated, based on the degree to which 
the bar returns to its original position. 

 
On the righthand side of the stiffness test, a mid-plane 
thinning (11) feature was added. This features has is 
use in EEE products were partial transparency is re-
quired e.g. were led lighting needs to shine through 
the part. This will not influence the esthetics of the 
parts when not in use and will have minimal effect on 
the structural properties of the part. With this material 
the rheological and speed of solidification can be 
evaluated, since the surroundings of this feature will 
most likely fill up first before closing the feature it-
self. This could also result in weld lines or a diesel 
effect. 

 
Surface texture is a very important aspect of the aes-
thetics of a product, which in turn is of great im-
portance for the marketing of EEE products. In the 
front of the tool, two fixed surface finishes (12) are 
added: one with lens quality (SPI A1) and the other 
with a matte surface texture (VDI 27). This allows for 
evaluation of colour and impurities. In the back part, 
two removable inserts (13) make it possible to have 
six additional surface textures according to the re-
quest of the client. These surface textures each have a 
surface area of 10 x 30 mm². 



The dEEEterminator also contains five different 
thicknesses (14) throughout the tool from 1 to 3 mm 
with 0.5 mm increments. On the two smallest thick-
nesses two holes (15) were added to evaluate weld 
lines and make it possible to connect several dEEE-
terminators via a keychain. 

3 CONCLUSIONS AND OUTLOOK 

Within this paper, we have presented two practical 
tools for the improved product development with re-
cycled WEEE plastics, namely design guidelines and 
the dEEEterminator, which is a tactile product show-
ing of strength and weaknesses of a polymer within 
an effective product. With the use of these tools, it 
will be within the future work of this project to de-
velop large-scale demonstrator EEE products con-
taining WEEE recycled content.  

4 ACKNOWLEGDEMENTS 

This research is part of the H2020 project PolyCE, 
funded by the European Union’s Horizon2020 re-
search and innovation programme under grant agree-
ment No730308. The authors also gratefully wish to 
acknowledge the input of Mark-Olof Dirksen 
(Philips) on the redesign requirements for the dEEE-
terminator tool.  

5 REFERENCES 

[1] B. R. Babu, A. K. Parande, and C. A. Basha, 
“Electrical and electronic waste: A global 
environmental problem,” Waste Manag. Res., 
vol. 25, no. 4, pp. 307–318, 2007. 

[2] R. Widmer, H. Oswald-Krapf, D. Sinha-
Khetriwal, M. Schnellmann, and H. Böni, 
“Global perspectives on e-waste,” Environ. 
Impact Assess. Rev., vol. 25, no. 5 SPEC. ISS., 
pp. 436–458, 2005. 

[3] D. S. Achilias and E. V Antonakou, “Chemical 
and Thermochemical Recycling of Polymers 
from Waste Electrical and Electronic 
Equipment,” in Recycling Materials Based on 
Environmentally Friendly Techniques, InTech, 
2015, p. 124 pages. 

[4] Greenpeace, “The e-waste problem.” [Online]. 
Available: 
https://www.greenpeace.org/archive-
international/en/campaigns/detox/electronics/t
he-e-waste-problem/. 

[5] D. S. Achilias and E. V. Antonakou, 
“Chemical and Thermochemical Recycling of 
Polymers from Waste Electrical and Electronic 
Equipment,” in Recycling Materials Based on 
Environmentally Friendly Techniques, InTech, 
2015. 
 

[6] K. Ragaert, L. Delva, and K. Van Geem, 
“Mechanical and chemical recycling of solid 
plastic waste,” Waste Manag., vol. 69, pp. 24–
58, 2017. 

[7] L. Veelaert, E. Du Bois, and K. Ragaert, 
“Design from Recycling,” Eksig 2017, no. 
June, pp. 129–143, 2017. 

[8] K. Ragaert, S. Hubo, L. Delva, L. Veelaert, and 
Els Dubois, “Design from recycling: principles 
and case study,” Polym. Eng. Sci., 2016. 

[9] L. Veelaert et al., Design from Recycling. ISBN 
9789057285585. 2017. 

[10] J. Rodrigo and F. Castells, “Electrical and 
electronic practical ecodesing guide,” Int. J. 
Life Cycle Assess., vol. 8, no. 2, pp. 114–114, 
2003. 

[11] European Council, “Directive 2009/125/EC of 
the European Parliament and of the Council of 
21 October 2009 establishing a framework for 
the setting of ecodesign requirements for 
energy-related products (recast),” Off. J. Eur. 
Union, pp. 10–35, 2009. 

[12] European Commision, “An EU action plan for 
the circular economy,” Com, vol. 614, p. 21, 
2015. 

[13] L. Veelaert, E. Du Bois, K. Ragaert, S. Hubo, 
and K. Van Kets, “Bridging design and 
engineering in terms of materials selection,” 
Proc. 7th Int. Polym. Mould. Innov. Conf., no. 
September, pp. 319–326, 2016. 

[14] J. Rothheiser, Joining of Plastics. Hanser 
Publishers, Munich, 1999. 

 


