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Abstract

E-waste is a rapidly growing waste stream, with a increase of 2.5 million tons every year on a global
scale. Norway is the leading country in the world when it comes to generating e-waste pr capita,
and have hold this spot in at least the last two decades. One of the most valuable components of
e-waste, and relatively easy to recover, is metals. The environmental impact that the excavation of
these metals produce is embedded within the metals, and therefore it is embedded in the electronic
and electric products.

This Thesis is looking into the flow of the electronic and electric products, and the metals within,
in Norway. The environmental impact that these metals have generated in the process of producing
these virgin metals. Material flow analysis is used to examine the flow of the EE products and through
that the flow of the metals. The lifetime and sales data of the EE products are used by this MFA to
look at a period 2016-2025.

The MFA were done on 44 different EE product categories, which contains 48 different metals. A few
of the 44 categories were vague in scope such as kitchen equipment and other household items. These
categories were covered by an average of different EE products within the category. Out of the 48
metals that was found, only steel is not on the periodic table of elements. Only 5 of the 48 metals are
found in other parts other than the printed circuit boards of the products. These 5 are steel, copper,
aluminium, iron and nickel.

A LCIA is performed for the metals which shows that only a few of the metals have an impact. This
was done for the following midpoint categories: climate change, land use, material resources and water
use, and for the 3 endpoint categories: ecosystem quality, human health and natural resources.

The 5 metals that are not in PCB’s have the majority of the impact throughout the different impact
categories. With the exception of the midpoint category of material resources and the endpoint cat-
egory of natural resources, where neodymium and praseodymium have the majority of the impact.
The precious metal of silver, gold and palladium have relatively small impact in comparison to the
other metals even though these are some of the most polluting metals.

Steel is found mostly in the large EE products, such as Dishwashers, ovens and washing machines. It
holds a steady impact in every midpoint and endpoint category. Aluminium can be found in many
of the EE product, but the biggest contribution comes from TV’s and washing machines. It has the
larges impact on climate change, land use, ecosystem quality and human health out of all the metals.
Iron is similar to steel and can mainly be found in the larger EE product, such as refrigerators and
freezers. Iron has a impact on everyone of the categories that are looked at, but in comparison with
the other is has a small contribution. Neodymium is a rare earth element and it can be found in almost
every EE product, but it is mainly found in speakers such as headphones, ear plugs and loudspeakers.
The impact from this metal is mainly in the material resources and natural resources category.

This thesis provides knowledge on the flow of EE products in Norway, the metal composition of these
EE products and the environmental impacts these metals produce in the early process of making the
virgin metal. This knowledge can be used for decision making or for comparisons with other related
subjects. The findings should be worked on further, to improve the robustness of the model.
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1 Sammenfatning

Elektronisk affald er en hurtigt voksende affalds strgm, som stiger pa global skala med 2.5 millioner
tons hvert ar. Norge er det land i verden hvor der bliver produceret mest affald pr. indbygger, og
det har de i hvert fald vaeret igennem de sidste to artier. En vigtig ressource som findes i elektronisk
affald er metal, hvilket ogsa er let at genudvinde. Miljgpavirkningen forudsaget af produktionen af
disse metaller ledsager dem videre, og er derfor ogsa en del af pavirkningen som findes i elektroniske
og elektriske produkter.

Dette speciale kigger pa strgmmen af elektroniske og elektriske produkter, og derved ogsa metallerne
der er en del af dem, i Norge. Miljgpavirkningerne som er genereret da metallerne blev produc-
eret. Matrialestromsanalyse bliver brugt til at undersgge EE produkterne, og derved ogsa metallerne.
Livstiden og salgs dataen for EE produkterne bruges som grundlag til at lave matrialestrgmsanalysen
for perioden 2016-2025.

Matrialestrgmsanalysen blev udfgrt pa 44 forskellige EE produkt kategorier, med 48 forskellige met-
aller. Nogle fa af de 44 produkt kategorier var vagt beskrevet, sasom ”kgkken udstyr” og ”gvrige
husholds genstande”. Disse kategorier blev daekket af et gennemsnit af forskellige EE produkter som
passede ind under. Ud af de 48 metaller er stal det eneste metal der ikke er at finde i det periodiske
system. Kun 5 af de 48 metaller kan findes uden for printpladerne der er i elektroniske produkter.
Disse metaller er stal, kobber, aluminium, jern og nikkel.

En LCIA er udfgrt for metallerne, hvilket viser at kun nogle fa af dem har en indflydelse. Dette blev
gjort for de fglgende midpoint kategorier: Klima forandringer, arealanvendelse, materielle ressourcer,
og vandforbrug, og for de 3 endpoint kategorier: gkosystemkuvalitet, menneskesundhed og naturres-
sourcer. De 5 metaller der ikke er i printpladerne er ansvarlige for hovedparten af pavirkningerne
spredt ud pa de forskellige kategorier. Undtagelsen er for midpoint kategorien materielle ressourcer og
endpoint kategorien naturressourcer hvor neodymium og praseodymium er ansvarlig for hovedparten
af pavirkningen. De kostbare metaller som sglv, guld og palladium har relativt lille pavirkning nar
der sammenlignes med de andre metaller, selv om de er kendt for at veere nogle af de mest forurenende.

Stal er en del af de fleste store EE produkter, sasom opvaskemaskiner, ovne, og vaskemaskiner. Dets
pavirkning er stabilt for alle midpoint og endpoint kategorier. Aluminium er en del af mange af
EE produkterne, men de stgrste bidrag af aluminium kommer fra TV og vaskemaskiner. Det har
den stgrste pavirkning i felgende kategorier klima forandringer, arealanvendelse, gkosystemkvalitet og
menneskesundhed nar der sammenlignes med de andre metaller. Jern opfere sig i stil med stal da det
hovedsagligt findes i store EE produkter, sasom kgleskabe og frysere. Dets pavirking er tydeligt pa
tveers af alle kategorierne, men det er relativt smat sammenlignet med de andre metaller. Neodymium
er en del af gruppen ”sjeeldne jordarters metaller” og det kan findes i neesten alle EE produkter, men
hovedparten af det findes i hgjtalere. Hgretelefoner, bade pa og i grene, er blandt dem med hgjest
bidrag af neodymium. Pavirkningen fra dette metal ses mest i materielle ressourcer og naturessourcer.

Dette speciale bidrager med viden omkring strgmmen af EE produkter i Norge, metal indholdet af
disse EE produkter og deres miljgpavirkninger fra produktionen af det nye metal. Denne viden kan
danne grundlaget for beslutninger eller bruges til sammenligning med lignede emner. Dette emner
bgr arbejdes videre pa for at forbedre modellen og forgge robustheden af modellen.

Spring 2024 Page 2 of 76



Master Thesis

Preface

This Thesis is written in the spring of 2024 (Started the 10th of January 2024 and handed in on the
10th of June 2024) as the final project of the Nordic Master in Environmental Engineering with a spe-
cialisation in Residual Resources Engineering and Industrial Ecology. This master thesis is written by
Mads Vingborg Andersen, master student in the joint Nordic master programme at the Department
of Energy and Process Engineering at the Norwegian University of Science and Technology (NTNU)
and at the Department of Environmental and Resource Engineering at the Technical University of
Denmark (DTU). This master thesis is equal to 30 ECTS points and is supervised by Johan Berg
Pettersen (Associate Professor, NTNU Industrial Ecology Programme), Anders Damgaard (Associate
Professor, DTU Sustain), and co-supervised by Kim Rainer Mattson (Ph.D. Candidate, NTNU In-
dustrial Ecology Programme).

The focus for this thesis was the embedded environmental impact of the metals that is in the elec-
tronic and electrical products in Norway. Based on literature the metal contend of the most common
electrical and electronic products were determined. The environmental impact from these metals were
found with the life cycle assessment software Brightway 2.0 that was access through Activity-Browser.
This thesis was trying to understand which metals, and what impacts these have, are found in the
Norwegian Electrical and Electronics products. This was achieved by building a data base for the
different products, with the metal content, the weight and the lifetime of said products.

This Thesis have been made with help and guidance from a few people of which I would like to give
my thanks. I would like to thank Kim, Johan and Anders for their guidance, patience and support
throughout the process. The great input for the times when I was stuck on a problem. The help they
provided that gave me motivation to continue through the harder times of the project.
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2 Introduction

The increase in electronic waste (e-waste) is accelerating, with a estimate of a yearly increase of 2.5
million metric tons (Mt) globally. With 44.4 Mt generated in 2014, and 53.6 Mt in 2019, it is estimated
to reach 74.7 Mt in 2030 (Forti et al., 2020). This is a rapidly growing waste stream, with a lot of
potential. This potential does not come without its problems, as most of the e-waste is generated in
the western world. When looking at the amount generated per capita in Europe in 2019 the number
was at 16.2 kg per capita, which put it in the first place in the world. In second place Oceania with
16.1 and third was the Americas with 13.3 kg per capita. Note that the Americas is both north and
south America (Forti et al., 2020). So even though Asia is the major part of the 53.6 Mt with a 24.9
Mt, it is only 5.6 kg per capita.

If the average consumer in the world was generating the same amount of electronics as the Europeans
then the total would be around 125 Mt, assuming a world population at 7.76 billion people (Worl-
dometer, 2024). There is a huge problem with this waste flow, as 82% of it has an unknown fate, and
Europe is the only place with a collection and recycling rate at 42.5%. The rest is lying around 10%,
with the exception being Africa at 1% (Forti et al., 2020).

When looking at Europe one country sticks out in regards to e-waste, and that country is Norway.
As seen in Figure. 2 Norway has been the country with the highest e-waste per capita since 2005 and
every year all the way up to 2020.

Waste electrical and electronic equipment (WEEE) by waste management operations - open scope, 6
product categories (from 2018 onwards)
Time frequency: Annual
Waste categories: Waste arising only from separate collection of EEE (6 categories methodology defined in WEEE directive)
\Waste management operations: Waste collected
Unit of measure: Kilograms per capita

W custriz M B=lgium M Bulgaria

Cyprus B Czechia W Germany
W Cenmark W Esicniz W Spain
M Finland W France W Croatia
B Hungary B Ireland W Ic=land
B Lizchtznsizin [l Luxembourg [l Latvia
W waits [l Methedands [l Norway
M Foland M Sweden W Slovenia

Datenquelle:Eurostat (online Datencode: env_waselesos)
Letzte Aktualisierung:23/10/2023 23:00

eurostatB&

Figure 2: The countries in EU and their e-waste generation from 2005-2020 in kg per capita
(eurostat, 2023)
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Even though it has decreased from its peak in 2008 and 2009 where it was almost at 24 kg per capita,
its lowest point in 2018 is being just about the top points of the closest countries. More concerning,
but backed up by the future estimate from Forti et al., 2020, is that most of the countries have an
increasing tendency in e-waste. With Liechtenstein going from one of the lowest to the second highest
country in just a decade. According to Forti et al., 2020 the amount is actually higher for Norway, as
it has 26 kg per capita in 2019.

When talking about electronic waste there are many different terms that are used, e-waste, WEEE
and EEE. These are among the most common, and mostly describe the same thing in more or less
detail. EEE is electrical and electronic equipment and WEEE being waste from electrical and elec-
tronic equipment. So if WEEE are waste from EEE and it pretty much is the same as e-waste then
what is meant by e-waste? This is very different depending on what country that is looked at. In
Japan there are 2 categories, ”Large home appliances” and ”small home appliances”. In the other
end there is China with 8 different categories, and close after EU with 6 categories. These categories
covers many different appliances, and the United Nations University (UNU) have divided these into
54 subcategories (Kumari & Samadder, 2022).

Another perspective that fits the scope of this thesis more is to look at what electronics is being sold in
Norway, and use those overall subcategories to categorize the products. The subcategories that is used
in Norway by Elektronikkbransjen, 2024a in 2022 is the following; ”Mobil” Mobile, ” Stillbildekamera”
Camera, " Store elektriske Apparater” Large Electric Appliances, ” Smaelektrisk” Small electric, ” Lyd-
og bildeprodukter” Sound and picture system. These subcategories covers most of the sold electronics
that will end up as E-waste at one point, there is one major product that is missing form these cate-
gories which is computers. Therefore Computers is added on in its own way. Elektronikkbransjen is
a Norwegian organization that consist of many different partners, big and small, that works together
regarding everything electronic. The provide a yearly statistic for sold electronic in Norway.

One of the problems that can be seen on a global scale is the export of e-waste from developed
countries to developing countries. With the problem here lying in the lack of proper handling of the
e-waste. This has caused some of the places that the e-waste is transported to become extremely
toxic. Ghana is one such place with a part of the capital city of Accra, named Agbogbloshie, being
placed on the Blacksmith Institute’s list of the world’s 10 most polluted places. Other places on this
list include Chernobyl, due to the radiation, and Noril’sk which is heavily polluted due to industrial
mining (Biello, 2014). So even though the Blacksmith list no longer have any places in western Europe
or USA, the source of the problem sites still come from the consumers in these countries.

E-waste can be very toxic if handled wrong, where Agbogbloshie is one of the best example for this.
One of the methods that is used to recover the metals found in e-waste is the burning of the cables for
the copper. This results in the release of heavy metals that get into the environment (Biello, 2014).
When released into the environment it can find its way into our food through soil contamination.
And then it can impact human health in numerous ways, with a few being skin disease, cancer and
respiratory problems (Nande et al., 2023).

With all of these different problems increasing with the rising quantity of e-waste there is a need to
investigate these subjects.
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2.1 Research questions

RQ 1. What are the flows of electronics products and the metals within, and how does it change over
the decade 2016-20257

RQ 2. What are the impacts embedded in the metals in electronic products, and which metal and
product contribute the most?

To answer RQ 1. a general overview of the electronic products that is found in Norway will be de-
termined, based on available data. For the metal content of the different electronic devices found in
the Norwegian system a literature review is performed. The lifetime for these products is then used
to estimate the quantity for each product that is entering the waste system each year. This is built
upon the sales numbers for electronic product in Norway.

In order to answer RQ. 2 a literature review is performed to understand the potential environmental
impact that the extraction of metal can have. With this knowledge and with the help of Brightway 2.0
accessed through activity-browser the environmental impacts for the metals is found in the Ecoinvent
database. This is then combined with the MFA made for RQ 1 in order to find the actual impact,
and which product that have the metals with the highest contribution.

2.2 Disclaimer

This Thesis is built upon the work done in the project (Andersen, 2023) performed during the fall
of 2023 in relations to the course TEP5100 at NTNU by the same author of this thesis. The project
was focusing on the same subject as this thesis, but only scratched the surface. The work presented
in this thesis, even though there are similarities, especially in the method section, is original and has
improved upon the former work.
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3 Background

In this section different subcategories of electronic waste will be presented in order to better understand
and discuss the impacts of extraction and preparation of metals found in electronic waste.

3.1 Looking into the background of metal environmental impacts

The focus of this thesis is the impacts that the metals found in e-waste have had on the environment
as it gets onto the market from the mining extraction. Therefore to get a rough idea if the results of
this thesis are correct a review of similar reports will be performed here. To start with the periodic
table in Figure 3 shows the elements that are present in e-waste with a light red color. It also visualize
how much an element pollutes during the mining process with a range of colors from dark blue to red,
the figure is from Bel et al., 2019.

Pollution caused by mining - .
Lowest

Highest

£
£ | Ne
2 &
Br K
| X
At Rn

Astating Radon

Zr
Hf
Rf

Fr Ra Ac Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo

Actinim  Putiedomium  Dubum  Sesbogum  Boheium Hassium  Mefneum  Damstadium  Fosigemum  Copemiciem  Unurin  Flerovium  Ununpenbum  Lwvemnoium  Ununseptiun  Urunostiven

co r No lism Eu oo ™ o & [N vo I
Th

Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

Tharium i Nepturium  Phdonium  Amesicium Beckslum  Calformien  Einsteiun  Femium  Mandsleviam  Nobellum  Lawrendun

Franchum

Figure 3: The periodic table and gradients of pollution from low to high caused by mining for
the different elements, This figure is from (Bel et al., 2019)

According to Figure 3 the highest pollution from mining would be gold, followed by rhenium, plat-
inum, mercury and then palladium. Due to the lack of information about what kind of pollution this
figure is actually showing it can mostly be used to give an idea of which metals to look out for.

Another report has made a deep dive into the production of the metal production for 64 elements
(Nuss & Eckelman, 2014). They have performed a LCA covering the cradle to gate production of
these metals and have impact categories such as global warming potential as well as cumulative energy
demand, terrestrial acidification, freshwater eutrophication and human tozicity. The global warming
potential impacts can be seen in Figure 4 below. For the other 4 impact categories, see Figure 5
further down.
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H
(A) Global Warming Potential (kg CO,-eq/kg) .
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Figure 4: The global warming potential for 1 kg of element on the periodic table, this is from
(Nuss & Eckelman, 2014).

When comparing Figure 4 with Figure 3 there are similarities but there are also some differences.
Figure 4 has several other elements, and the highest potential is not the same as in Figure 3.

Here rhodium have the highest global warming potential with a 35,100 kg COaz-eq for every kg of
rhodium. The second closest to that is gold and platinum which each have 12,500 Kg COs-eq for
every kg of the element. That is a huge different if compared to one of the lower ranked elements,
like copper. copper is only at 2.8 Kg COq-eq pr.kg copper, likewise a lot of the metals have a low value.

Looking at the other 4 categories that Xavier et al., 2023 looked at in Figure 5, there are some vari-
ations between them. To begin with lets look at cumulative energy demand, for which the unit is
MJ-eq/ kg of element. This one have the same patterns as the global warming potential with rhodium
being the most demanding of the elements.

Looking at the terrestrial acidification, with the unit kg SOs-eq/ kg Element. The pattern have
changed a bit from the other 2, with nickle and copper moving up in value. rhodium is still the
element with the highest value.

For the remaining two, freshwater eutrophication (with the unit kg P-eq pr kg element) and human
tozicity (with the unit CTUh pr kg element), the highest ranking element is gold. Which correlate
with the expectations from Figure 3. freshwater eutrophication pattern is otherwise pretty similar
with terrestrial acidification. human tozicity have quite a few of the different elements up towards
the high value, compared to the other 4 impact categories.

With these figures there is a baseline to compare the results with, and it also gives an indication of
which of the impact categories are important in regards to mining metals.
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Figure 5: The different impact categories for the mining of 1 kg of element on the periodic
table, this is from (Nuss & Eckelman, 2014).

3.2 The Electronic waste situation in Norway

As touched upon in the introduction Norway is the country with the highest waste generation per
capita in the world. In 2019 it was at 26 kg pr capita, according to Forti et al., 2020. This is 6 kg more
than what is shown on the map in Figure 6. The difference between the two sources is not known,
but is speculated to be a matter of what is considered e-waste. When looking at the graph in Figure
2 then Norway is one of a few countries that have a decline in the period from 2005-2020.
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Figure 6: Europe and the e-waste generation for the different countries in 2020. Norway is the
one with the highest value at 19.5 kg per capita, this is from (eurostat, 2023).

3.3 What methods/technologies are used in recycling metals today

There are different methods used to separate metals from the other materials used in electronics. here
3 of them are presented in order to understand what the difference between such methods can have
on environmental impacts.

In general the e-waste is be dismantled manually, then shredded before it is separated by density
or/and magnetism. This is to minimize the impurities of the final product, and to avoid a higher
pollution of toxic material in later processes (Priya & Hait, 2017).

Pyrometallurgy is a thermal process that incinerate the e-waste at high temperature in order to sep-
arate the metals from the leftover materials not separated completely by earlier stages. This process
will melt the metals and if the original metal is pure, such as copper from a wire then the final product
will also be pure. The problem comes with different alloys, or electronic product with many different
kind of metals. In these situations further separation steps are needed to achieve an end result that
can be used again (Xavier et al., 2023). This makes pyrometallurgy an energy intensive process, and
to add even more problems it is also recorded to have a lot of second hand emissions of toxic gasses
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such as: Polybrominated Dibenzodioxins (PBDD), Phenol, Biphenyl and Dibromobenzene to name a
few (Priya & Hait, 2017).

Somewhat successful attempts have been made to improve on this method. It is a cleaner ultrasonic
assisted pyrometallurgical metal recovery technique, which have lowered the emissions of waste and
increased the yield of metals greatly. Copper and iron have been recovered with 95.2-97.5 and 97.1-
98.5% respectively. Another process involving introducing vacuum have given results of 99% pure
copper and 99.9% pure gold. But to achieve these results other methods are often needed, such as
hydrometallurgy (Priya & Hait, 2017).

Hydrometallurgy is a process that involves either acid or base leaching agents that can dissolve the
specific metal and by that separate it from the other materials from the electronic device. After the
new solution is made it then undergo one or more of many separation option such as: electrodeposi-
tion, cementation or ion exchange (Xavier et al., 2023). For acid leaching the amount recovered vary
depended on which metal is in question. For chromium it is 98%, for nickel it is 92%, for copper it is
85%, for iron it is 71%, for aluminium it is 44%, for zinc it is 34% and for tin it is 21%. There are 3
different recovery values for gold as it depend on the acid used, but the percent recovered are 82%,
97.5% and 98%. This method is susceptible to metal loss in the solvents if done on an industrial scale,
but the energy and the environmental pollution are way lower than that of the pyrometallurgy method.

Biometallurgy is a greener and way newer option for recovering of metals from e-waste. It has
similarities to the hydrometallurgy process in regards to the method of leaching the metals out of the
waste. This is done with microorganisms that is able to convert the metal into it soluble state (Priya
& Hait, 2017). As this is still a quite new method the recovery rates vary a lot as variations of the
process is tested. Depending on the metal and the process the recovery can change between 80-96.8%
for copper, 20-88.2% for aluminium, 78-92% for nickle and 74-91.6% for zinc. A factor also seems to
be time as the only low value for aluminium was a test of 165 days, and the rest was 68% or over
(Priya & Hait, 2017).

A comparison between these 3 methods was also done by Priya and Hait, 2017, which can be seen
below in Figure 7.
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Metallurgical Processes
Criteria/Parameters

Pyrometallurgy Hydrometallurgy Biometallurgy

Environmental impacts

Hazardous gaseous emissions

Wastewater generation

Dust generation

Compatibility with environment

Investment required

Labor and expertise required

Energy consumption

Time required

Metal loss during recovery

Rate of recovery

Corrosive

Toxicity

Level of research

T I T R —

Figure 7: Compare the 3 metallurgical processes on a number of different parameters, this is
from (Priya & Hait, 2017).

Here it is clear that biometallurgy have a great potential, but the level of research is still low and
therefore has room for improvement. If looking at the environmental impacts between pyro- and
hydrometallurgy then hydrometallurgy looks like it has the lesser overall impact. It might be the
better choice until more research has been done on biometallurgy.

3.4 Metal demand and supply

When talking about recycling metals from e-waste it should be specified which metals that is talked
about, as there are 94 metals in the periodic table. Not every single element that is classified as a
metal is present in e-waste, and even if it is present it might be unrecoverable. Looking at the periodic
table from Bel et al., 2019 gives a good overview of which metals that is used in electronics, based on
which is found in e-waste. This table can be seen in Figure 8 below.
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Figure 8: The periodic table with the elements that is in e-waste highlighted. The scarcity of
the elements is shown as well, the table is from (Bel et al., 2019).

As shown there is quite a lot of the metals from the periodic table that are present in e-waste, along
with one none metal, selenium, and a few half metals such as silicon, germanium, arsenic, antimony
and tellurium. The blue markings are elements for which the supply is so limited that there is a
potential future risk of using up the reserves. The one yellow, platinum, is in a rising threat as the
use for this element is increasing. Then there is the elements for which the problem of running low
on their reserves is within the next 100 years. This includes zinc, gallium, germanium, arsenic, silver,
indium, tellurium and hafnium.

In a new report with the focus on recycling of critical raw materials (CRM) in the Nordic countries
half of these have not been categorized as being critical for Europe. This is the case for indium, silver,
tellurium and zinc (Bergfald et al., 2024). Other countries have categorized the 4 as CRM, indium
(USA, Canada, Australia, Japan, South Korea, Russia and India), silver (Russia), tellurium (USA,
Canada, Japan), zinc (USA, Canada, South Korea, Russia, South Africa). For the four remaining
only gallium is getting close to being in the high risk when looking at supply of the element.

In the report Europe has defined many metals as CRM, and for simplicity they have grouped rare
earth elements (REE) into two groups. Heavy and light REE (HREE and LREE respectively), with
HREE being the elements from 62-71 and LREE from 57-61 in the periodic table of elements. With
those two grouped then there is 26 CRM that are metals, which can be seen below in Table 1. Tt
should be noted that the supply risk seems to have been decided based on political factors, as HREE
and LREE have some of the highest scores here because the marked are controlled by China (Bergfald
et al., 2024).
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Table 1: The CRM that Europe have categorized in 2023. *The supply risk meter was getting
near to being halfway from low to high. **The supply risk was halfway from low to high,
(Bergfald et al., 2024)

Critical Raw Materials
Aluminium Cobalt LREE* Strontium
Antimony Copper Magnesium*  Tantalum
Arsenic Gallium* Manganese Titanium
Barium Germanium  Nickel Tungsten
Beryllium  Hafnium Niobium* Vanadium
Bismuth HREE** Scandium
Boron Lithium Silicon

A few of the metals in Figure 8 that is shown in red (high risk of scarcity) is not mentioned in Table
1. They are however represented on other countries list of CRM, and can in the future end on the list
for Europe as well. This rise in risk can be supported by the findings in (Watari et al., 2021) as they
find the demand for all major metals except for lead will increase in the years to come, the report goes
to the year 2100. The major metals they have looked at is iron and steel, aluminium, copper, zinc,
lead and nickel. In 2100 the estimate rise in demand will be 470% for aluminium, 330% for copper,
130% for zinc and 100% for iron.

E-waste is not a homogeneous mass, but a general material content can still be assumed when looked
at a large enough sample. This is another approach to see what can reasonably be recovered from
e-waste, as the data found in this way is based on experiment more than theory. This is what Priya
and Hait, 2017 have done, and it is presented in the Figure 9 below.

Constituents Content (% wt/wt) References

Metals 28.00-60.60 Widmer et al. 2005; Zhou et al. 2009
Iron and steel 8.00-50.00 Ilyas et al. 2010; Pant et al. 2012
Non-ferrous: 1.00-13.00 Pant et al. 2012; Widmer et al. 2005
Aluminum 0.75-4.70 Ilyas et al. 2010; Widmer et al. 2005
Copper 13.00-34.49 Tuncuk et al. 2012; Yamane et al. 2011
Nickel 0.0024-2.63 Yamane et al. 2011; Yang et al. 2009
Zine 0.16-8.20 Ilyas et al. 2010; Zhang and Forssherg 1997
Lead 0.99-4.19 lji and Yokoyama 1997

Gold 0.008-0.10 Sum 2005; Guo et al. 2009

Silver 0.20-0.33 Sum 2005; Guo et al. 2009

Plastics 20.60-23.00 Widmer et al. 2005; Zhou et al. 2009
Flame retardant 530 Widmer et al. 2005

Non flame retardant 15.30 Widmer et al. 2005

Glass and ceramic 2.00-33.00 Widmer et al. 2005; Yuan et al. 2007
Wood and plywood 2.60 Widmer et al. 2005

Rubber 0.90 Widmer et al. 2005

Others 4.60-16.00 Pant et al. 2012; Widmer et al. 2005

Figure 9: The different content found in e-waste, the table is from (Priya & Hait, 2017).

It can be seen that the content fraction have a large range on many of the metals, which gives some
uncertainty with this method of approach. But generally a large fraction of the weight of e-waste is
metal, where the largest fraction is from iron or steel. This is followed by copper and then the other
fractions are beginning to overlap.
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4 Methodology

In this chapter the methodologies used in the work that this thesis is based on is presented. The
choices and assumptions that have been made for the model that have been built will be shown as
well.

4.1 The System

The first thing is the system, that the simple material flow analysis that is used for this thesis, looks
like. In Figure 10 the system can be seen, with 7 different processes included. The blue line is the
system boundary for the MFA part of this thesis, which surrounds ”Metal excavation and prepara-
tion for market”, ”Use phase of EEE” and ”End of life for the EEE”. The green line is the system
boundary for the LCIA part of this thesis. which surrounds ”Metal excavation and preparation for
market”, ”End of Life for EEE” and ”Embedded environmental impacts in the metal”. This boundary
exclude ”Use phase of EEE” as the environmental impacts from this phase is outside the scope of this
thesis. The processes which are shown in Figure 10 but not included inside the system boundary are
as follows "Production of EEE”, "Recycle of WEEE” and ”Incineration and/or Landfill”.

The production of EEE are the binding process between the process of "Metal excavation and prepa-
ration for market” and ”Use phase of EEE”.

Production
of EEE

Recycle of
Metal Embedded 1 WEEE
excavation and Use phase of End of life for environmental \_
preparation for EEE the EEE impacts in the ' ]
market. metal J Incineration

and/or
Landfill

Figure 10: The system with the surrounding activities. The green line is the boundary for
LCIA this thesis is working with. The Blue Line represent the MFA that includes the lifetime
for the EE product in their use phase. The main focus being the end of life for EEE, with the
environmental impact embedded in the metals from the point of excavation.

4.2 Building of MFA model

4.2.1 quantity of electronics

In order to find the environmental impacts from the metal an MFA model has been built based on the
sales numbers found at Elektronikkbransjen, 2024a. This shows a wide array of general electronics
that is bought in Norway, and there is records from 2006-2022. The records are not perfect as the
focus have shifted throughout the years. Therefore a baseline for which electronics that is included in
this work has been made.

The excel sheets published for the years 2016 and 2022 has been chosen for this baseline due to the fact
that it covers the range for which Elektronikkbransjen have data available, and the older subcategories
that no longer is collected data for is not included. With 1 exception being ”Digital assistance” that
only shows up for 1 year (2018), It has been excluded from the model as well due to this fact.
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4.2.2 Lifetime of electronics

Knowing the quantity of electronics in the use phase in Norway, is a way to determined when the
different types of electronics enters the end of life phase is needed. For this the expected lifetime for
products is used as a estimate. The first problem for this is that not every piece of electronic is going
to last precisely its lifetime. For the majority of the products multiple different lifetimes have been
found, and the average of these lifetimes has been implemented in the model.

This is done with the mindset that the average of these lifetimes reflect the uncertainty for a product’s
untimely demise or its incredible long life, evened out in the greater picture.

4.2.3 Metal content of EE products.

A focused literature review was done in order to find as much data on the metal content for the
different EE products. The literature review was performed on DTU Findit, a search engine available
for DTU students. In Table 2 the search words used in this literature review can be seen. The search
was done for every EE product that is on the sales numbers list, with a example being ”Recycle of
metals from Refrigerator”. The search was not only on the products, but also focused on the most
common metals that is found in EE products. This was done for the 8 metals presented in the table
as well.

Table 2: Search words used in literature review to find the metal content for EE products.
When ”Electric device” is in the sentence it was replaced with every EE product, and ” Metal”
was substituted with the everyone of the 8 different metals also presented.

Seach words.
BOM for ”Electric device” ”Metal” in electronics
Bill of Materials for ”Electric devices” ”Metal” in ”electronic device”
?Electric device” content ”Metal” in electronics
Metal content of ”Electric device” Metals
Recycle of ”Electric device” Copper Steel
Recycle of materials from ”Electric device” | Gold Aluminum
Recycle of metals from ”Electric device” Silver Iron
LCA for ”Electric device” Palladium  Nickel
MFA for ”Electric device”

The information for the metal content found with this literature review can be put into two categories,
mg/kg and percent of 1 unit. This presented a new problem, comparing these two is hard if not
impossible. Therefore a new search was performed, the average weight of each EE product. In some
of the literature this weight for the relevant product was included, but for many of the EE product
there was none.

Therefore a semi random search on online shopping sites was performed to find the average weight.
It was semi random in the regard that the most common name for the EE product was used on the
sites and the products that came up was chosen in no particular manner. The average weight was
then estimated to be correct, based upon common knowledge. As an example if the average weight of
a TV was 30 kg, then more would be added to the average in order to see if the weight would change.
With the average weight for each product, combined with either a mg/kg or percent of total weight
for that product. The metal content for the product can be determined, the common unit kilogram
can be used going forward.

Aside from the elements found in the periodic table, steel is also looked at as it showed up in much
of the data found on metal content of EE products.
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4.2.4 special case: Computers

One product that is not included in the sales list from Elektronikkbransjen, 2024a, and that can be
assumed to have a big impact on this case is computers. An estimate for both desktop and laptop
computers was calculated based on the revenue from sales of computers in Norway, found at Elek-
tronikkbransjen, 2024b. This revenue is for every type of computer, therefore a ratio between laptops
and desktops is found on Canalys, 2023 by the graphs on this site. Out of 100 computers, 78 of them
is assumed to be laptops and the other 22 is assumed to be desktops.

With the ratio and the revenue the only thing left is the spread of prices on computers, with the
assumption that most of the computers are within normal price range that the average consumer is
able to pay. Half of all sold computers is assumed to be an average of 600 USD. 40% is assumed to
be at 1000 USD, and then the highend 10% is spread evenly between 3000 and 3500 USD. This is
how the number of computers have been estimated and was only feasible to do for the years that the
revenue was available, which was from 2019 to 2022 (Elektronikkbransjen, 2024b).

The MFA model for the metal in EE products is now feasible to make, by combining the above men-
tioned flow of metal through the Norwegian system can be calculated over a long period.

Table 3: The lifetime and the weight of the different products

Lifetime and weight of the products and its sources.

Average Average
Product Lifetime Sources weight Sources
(yr) (kg)

Mobile (Gurumurthy & Annamalai, 2019) (Zhang et al., 2017
Phone 3 (Zhang et al.. 2017) 0.092 (Oguchi et al., 2011
v (Priya & Hait, 2018

(Apple, n.d.

Tablet 5 (Ostroff, 2021) | 0.521 (Samsung, n.d.-b
(Samsung, n.d.-a

(Amazon & Microsoft, n.d.

(Amazon & Noise, n.d.

. (Elkjob & Apple, n.d.

Smartwatch 4 (Bingham, 2023) | 0.037 (Elkjob & Garmin, n.d.
(Ma et al., 2017

(Power & Canon, n.d.-b

Camera 7 (AVC-Photo-Video, 2023) | 0.596 (Power & Sony, n.d.-g

(Power & Canon, n.d.-d
(Elkjgb & Sony, n.d.-b
(Elkjgb & Sony, n.d.-a

lenses - (Canon, 2018) | 0.358

(Power & Canon, n.d.-g
Camera (Power & Canon, n.d.-a
(Power & Canon, n.d.-f
(Power & Canon, n.d.-h

Same as
Camera

)
)
)
)
)
)
)
)
)
)
)
)
(Power & Canon, n.d.-c)
)
)
)
)
)
)
)
)
)
)
)
)
)

(Power & Sony, n.d.-d
(Power & Sony, n.d.-c
VideoCamera 7 0.672 (Power & Panasonic, n.d.-c

(Power & Sony, n.d.-e
(Power & Canon, n.d.-e

Spring 2024 Page 20 of 76




Master Thesis

Table 3: The lifetime and the weight of the different products

Lifetime and weight of the products and its sources.

(Power & Senz, n.d.-a
Chest . (Power & Senz, n.d.-b
Freezer 16 (Mr.Appliance, n.d.) | 35 (Power & Gorenje, n.d.-c
(Power & Point, n.d.-a

(Power & Samsung, n.d.-c
(Power & Samsung, n.d.-b

%?:é;j: 16 (Mr.Appliance, n.d.) | 66 (Power & Point, n.d.-b
(Power & Gorenje, n.d.-a

(Power & Point, n.d.-g

(Power & Point, n.d.-c

Refrigerator/ (Power & Bosch, n.d.-f

16 (Mr.Appliance, n.d.) | 48 (Power & AEG, n.d-a

(Power & SMEG, n.d.

Freezer Combo

(Gurumurthy & Annamalai, 2019)
(Priya & Hait, 2018)

(Gurumurthy & Annamalai, 2019

40 (Priya & Hait, 2018

Refrigerator 10

(Power & Samsung, n.d.-e
(Power & Samsung, n.d.-d
(Power & AEG, n.d.-c
(Power & Indesit, n.d.
(Power & AEG, n.d.-e
(Priya & Hait, 2018

Washing 13 (Huang, 2021)

machine (Priya & Hait, 2018) 65

(Power & AEG, n.d.-f

Dryer 13 (Gustafson, 2023) | 48 (Power & Grundig, n.d.-a
(Power & AEG, n.d.-g
(Francesca et al., 2019

(Power & Miele, n.d.-b
(Power & Siemens, n.d.-a
Dishwasher 7 (Gustafson, 2023) | 46 (Power & Miele, n.d.-c
(Power & AEG, n.d.-b
(Francesca et al., 2019

(Power & Voss, n.d.

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
;
(Power & Grundig, n.d.-b)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Stag\cfl:ione 13 (Gustafson, 2023) | 54 (Power & Gorenje, n.d.-d
(Power & Gram, n.d.

Build (Power & Gorenje, n.d.-b
‘1 oven 13 (Gustafson, 2023) | 35 (Power & Siemens, n.d.-b
(Power & AEG, n.d.-d

Table (Power & Haws, n.d.
stove 13 (Gustafson, 2023) | 8.5 (Power & Point, n.d.-f
(Power & Senz, n.d.-f

(Power & Thermex, n.d.-a

Kitchen (Power & Thermex, n.d.-b

ventilation 15 (Hauslane, 2023) | 13.3 (Power & Rgroshetta, n.d.-a
(Power & Bosch, n.d.-c

(Power & Rgroshetta, n.d.-b

Minikitchen | 6 Same as | 5 Same as
Microwave Microwave
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Table 3: The lifetime and the weight of the different products

Lifetime and weight of the products and its sources.

Microwave

(Gustafson, 2023)

14.3

(Power & Whirlpool, n.d.-b
(Power & Whirlpool, n.d.-a
(Power & Senz, n.d.-g
(Power & Samsung, n.d.-a

Personal
care

(Schmidt, 2021)

0.623

(Power & Point, n.d.-h
(Power & Huawei, n.d.
(Power & Babyliss, n.d.-a
(Power & Philips, n.d.-b

(Power & Philips, n.d.-c
(Power & Babyliss, n.d.-b
(Power & Remington, n.d.-a

Electric
shaver

10

(ShaverShop, 2019)

0.341

(Power & Philips, n.d.-d
(Power & Braun, n.d.-b
(Power & Philips, n.d.-e
(Power & Braun, n.d.-a
(Power & Remington, n.d.-b

)
)
)
)
)
)
g
(Power & Oral-B, n.d.)
)
)
)
)
)
)
)
)

Hair
removal

(Female)

10

Same as
Electric shaver

0.623

Same as
Personal care

Kitchen
equipment

(Shield, n.d.)

4.211

(Power & Ninja, n.d.-b)
(Power & Barista, n.d.)
(Power & Bosch, n.d.-e)
(Power & Nespresso, n.d.)
(Power & Ninja, n.d.-a)
(Power & OBH, n.d.-a)
(Power & Brevilla, n.d.)
(Power & Senseo, n.d.)
(Power & BLND, n.d.)
(Power & Electrolux, n.d.-a)
(Power & Bosch, n.d.-d)
(Power & OBH, n.d.-b)

Other
household
items

10

(Bobba et al., 2016)

3.822

(Power & Dyson, n.d.
(Power & Miele, n.d.-a
(Power & Bosch, n.d.-b
(Power & Ecovacs, n.d.
(Power & Roborock, n.d.
(Power & Electrolux, n.d.-b
(Power & Bosch, n.d.-a
(Power & Philips, n.d.-a
(Power & Senz, n.d.-e
(Power & Tefal, n.d.
(Power & Point, n.d.-d
(Power & Point, n.d.-e
(Power & Mill, n.d.

(Power & Senz, n.d.-d

vV

(Gurumurthy & Annamalai, 2019)
(Priya & Hait, 2018)

19.14

(Gurumurthy & Annamalai, 2019

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

(Priya & Hait, 2018
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Table 3: The lifetime and the weight of the different products

Lifetime and weight of the products and its sources.

(Power & Panasonic, n.d.-b

)

DVD . (ADSY, 2023) 1012 (Power & Denver, n.d.)
Player (Priya & Hait, 2018) | ™ (Power & Senz, n.d.-c)
(Priya & Hait, 2018)

Blu-ray Same as (Power & LG, n.d.)
Player 7 DVD player 1.507 (Power & Son'y, n.d.-a)
(Power & Panasonic, n.d.-a)

(Power & JBL, n.d.-a)

(Power & Cepter, n.d.)

(Power & JBL, n.d.-b)

Average of (Power & Creative, n.d.)

Sound and 12 TV and | 7.20 (Power & Yamaha, n.d.-a)
picture system Loudspeaker ’ (Power & Feel, n.d.)
(Power & Jamo, n.d.)

(Power & Logitech, n.d.)

(Power & Klipsch, n.d.)

(Priya & Hait, 2018)

(Power & Philips, n.d.-h)

Radio with . . Power & Philips, n.d.-g
loudspeaker 10 (Priya & Hait, 2018) | 0.568 ((Power & Philips, n.d.—fg
(Priya & Hait, 2018)
Receiver/ Same as
Amplifier/ 14 333333 (Priya & Hait, 2018) | 7.20 Sound and
Tuner Picture system
Same as
Loudspeaker 13 (Audiosolace, 2022) | 7.20 Sound and
Picture system
Same as

Wired Same as

Loudspeaker 13 Loudspeaker 7.20 . Sound and
Picture system

CD-player 3 Mobﬂiag;lisz 0.521 (Oguchi et al., 2011)
LP player 7 DVS?;I;;? 1.012 (Oguchi et al., 2011)
Travle S-ame- as Sfeune- as
radio 10 Radio with | 0.568 Radio with
Loudspeaker Loudspeaker

CD-player 3 Mobﬂiagll;i: 1.012 (Oguchi et al., 2011)

Same as

MP3-player 3 Mobile phone | ~ )
(Power & Sennheiser, n.d.)

HeadPhones 5 (Peters, 2023) | 0.518 (Power & Yamaha, n.d.-c)
(Power & Yamaha, n.d.-b)

(Power & Supra, n.d.-b)

Ear plugs 2 (Soundcore, 2022) | 0.078 (Power & Supra, n.d.-a)
)

(Power & Razer, n.d.
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Table 3: The lifetime and the weight of the different products

Lifetime and weight of the products and its sources.
Car Same as Same as
Radio 10 Radio with | 0.57 Radio with
Loudspeaker Loudspeaker
Car (Power & JVC, n.d.)
Amplifier 8 (Martin, 2023b) | 1.1 (Power & Sony, n.d.-f)
p (Power & Sony, n.d.-b)
Car . Same as
Loudspeakers 18 (Martin, 2023a) | 7.20 Loudspeaker
Computer 5 (Gurumurthy & Annamalai, 2019) 16.19 (Gurumurthy & Annamalai, 2019)
(desktop) (Priya & Hait, 2018) ' (Priya & Hait, 2018)
Computer (Gurumurthy & Annamalai, 2019) (Guramurthy & .Annamale.u, 2019)
(laptop) 4 (Priya & Hait, 2018) 3.04 (Priya & Hait, 2018)
ptop Y ’ (Francesca et al., 2019)

4.3 Environmental impacts

To determine the environmental impacts of the metals in EE products the Ecoinvent database is used.
In order to use the data found in Ecoinvent the software tool called Brightway 2.0 is used through

another software called Activity-Browser.

There are many different impact categories that can be used when assessing the impacts on the
environment, not every impact is equally important for every situation. the impacts that will be
looked at for this case can be seen in Table 4, which is separated in midpoint impacts and endpoint
impacts. The last column is the 4 elements for which no impacts categories was found in Ecoinvent.

Table 4: The impact categories that will be used for the LCIA are from ReCiPe 2016 v1.03 (H).
The four elements for which there were no impact categories found is presented in the right

column.

Environmental impact category

Midpoint Endpoint Elcmcnts w1th(?ut
1mpact categories
Climate change Total: ecosystem quality .
global warming potential (GWP1000) | ecosystem quality Vanadium
Land use Total: human health Bismuth
agricultural land occupation (LOP) human health
Material resources: metals/minerals Total: natural resources .
: Calsium

surplus ore potential (SOP) natural resources
Water use .
water consumption potential (WCP) Thallium

The impacts categories are all with the Hierarchist perspective, due to its relevant perspective on
policy principle and time-frame. The other 2 possibilities are Individualist and Egalitarian for which
the first focuses on short-term interest, impact types and technological optimism. The second focuses

on the long term pictures, which is beyond the scope of this thesis.

For the midpoint categories climate change, land use, material resources and water use have been
chosen due to the focus these have in the public eye. For endpoint all 3 where chosen, to see how the
impact of the different metals differs between them.
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The other thing that will have an impact on the results is the precise process that each metal is related
to in Ecoinvent. These combinations can be seen in Table 5 below. The selection for which process to
choose was done based on the description found under the processes. After searching for the metal,
with the name of the metal shown in Table 5, the description for every relevant result were read and
the most relevant was chosen.

The processes are all at the point of "market”, which means it is ready to be sold.This is done to
avoid it being influenced by other factors than the process of extracting the metal from the earth and
preparing it for use. They are all ”GLO” which is the global market, this is to set a net standard for
all the metals.

There are two general sub-categories the processes for metal can be put into. The first are for the pure
metal, as an example this could be tin which also has a process named tin. The other sub-category
would be for the metals that don’t have a direct process, but have one that is very near what is looked
at. An example for this sub-category could be cerium, for which the process are lanthanum-cerium
oxide, this metal is sold in a compound with another metal.

4.3.1 The environmental impacts from metals in EE products

With the environmental impacts categories and factors found the actual impact from the metals in
EE products in Norway can then be determined. This is simply done by multiplying the factor for
an impact with the total mass of said metal from a product in a specific year. This is then done for
every metal for every product and every year that the data is available for.

This allows a thorough analysis to see what metal in which product that have the highest impact for
a specific year. It also gives the total impact for every category, and how it evolves over the years.
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Table 5: The specific names found in Brightway 2.0 combined with the metals found in EE products.

Specific name for the elements found for the LCIA

forging steel

tantalum powder, capacitor-grade
market for tantalum powder,

strontium carbonate

europium oxide

Steel market for forging, steel Tantalum . Strontium market for strontium carbonate Europium market for europium oxide

GLO, kilogram capacitor-grade GLO, kilogram GLO, kilogram
i GLO, kilogram ’ © ’

copper scrap, sorted, pressed selenium magnesium gadolinium oxide

Copper market for copper scrap, sorted, pressed | Selenium market for selenium Magnesium  market for magnesium Gadolinium market for gadolinium oxide
GLO, kilogram GLO, kilogram GLO, kilogram GLO, kilogram
aluminium primary,
cast alloy slab from continuous casting arsine titanium holmium oxide

Aluminium market for aluminium primary, Arsenic market for arsine Titanium market for titanium Holmium market for holmium oxide
cast alloy slab from continuous casting GLO, kilogram GLO, kilogram GLO, kilogram
GLO, kilogram
cast iron chromium ferroniobium 66% Nb lanthanum oxide

Iron market for cast iron Chromium  market for chromium Niobium market for ferroniobium, 66% Nb Lanthanum market for lanthanum oxide
GLO, kilogram GLO, kilogram GLO, kilogram GLO, kilogram
nickel class 1 cobalt boron trifluoride neodymium oxide

Nickel market for nickel, class 1 Cobalt market for cobalt Boron market for boron trifluoride Neodymium market for neodymium oxide
GLO, kilogram GLO, kilogram GLO, kilogram GLO, kilogram
lead manganese silver praseodymium oxide

Lead market for lead Manganese market for manganese Silver market for silver Praseodymium  market for praseodymium oxide
GLO, kilogram GLO, kilogram GLO, kilogram GLO, kilogram
tin beryllium gold scandium oxide

Tin market for tin Beryllium  market for beryllium Gold market for gold Scandium market for scandium oxide
GLO, kilogram GLO, kilogram GLO, kilogram GLO, kilogram
zine molybdenum palladium samarium oxide

Zinc market for zinc Molybden  market for molybdenum Palladium market for palladium Samarium market for samarium oxide
GLO, kilogram GLO, kilogram GLO, kilogram GLO, kilogram
cadmium antimony lanthanum-cerium oxide thulium oxide

Cadmium market for cadmium Antimony  market for antimony Cerium market for lanthanum-cerium oxide | Thulium market for thulium oxide
GLO, kilogram GLO, kilogram GLO, kilogram GLO, kilogram
barium carbonate silicon electronics grade dysprosium oxide ytterbium oxide

Barium market for barium carbonate Silicon market for silicon, electronics grade | Dysprosium market for dysprosium oxide Ytterbium market for ytterbium oxide
GLO, kilogram GLO, kilogram GLO, kilogram GLO, kilogram
gallium semiconductor-grade zirconium oxide erbium oxide yttrium oxide

Gallium market for gallium, semiconductor-grade | Zirconium  market for zirconium oxide Erbium market for erbium oxide Yttrium market for yttrium oxide

GLO, kilogram

GLO, kilogram

GLO, kilogram

GLO, kilogram
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5 Results and Discussion

In this chapter the results of the thesis will be presented and discussed based on the knowledge given
earlier.

5.1 The Material flow analysis
5.1.1 Sales numbers and lifetime.

The first part of the MFA is the combination of the lifetime of the products and the number of sold
units for the years with given data. This can be seen in Table 6 on the next page.

The lifetime of the products vary quite a lot between the EE products. Products that have an expected
life time of 2-3 years include in-ear headphones and mobile phones, going through the use phase of
its life cycle many times over compared with products that have between 13-16 years of expected life.
This gives a variation in the delayed output for the products each year, with data going back to 2006
for some of the products (but not all of them) this is not a big problem.

After applying the lifetime for each product to the years of sold units in order to achieve the ex-
pected end of life, the results gave some large holes for different products. The full table can be seen
in Appendix 7.1. The overlap for which every product have a output for a year does not happen,
but the years with the most overlap is 2023, 2024 and 2025. With many of the products having data
for the period of 2016-2025, which will be the primary period focused on for the variation over the years

Some of the products to take note of when it comes to lack of data are the freezers and computers. The
freezers contains large quantities of steel or iron and the computers contains relatively large quantities
of precious metals. This is expected to have an impact on the results of the first half of the decade that
is looked at, and when they are part of the product lineup it is expected to be apparent from the results.

The objectives for digital single-lens reflex (DSLR) camera have been left out due to its lifetime being
very hard to find. The common consensus for it being several decades or even longer, with these
results it is pretty safe to assume that the data found on the number of sold units will not be relevant
for quite some time.

The general trend for products that reach its end-of-life phase is represented by arrows in the last
column. This trend does not take spikes in number of products for a single year into account, but
looks at the overall change in number of units for the period. There are 18 of the products that
have a downward trend, 17 that is keeping a steady stream throughout the period and 7 that is
increasing in number of units. Camera lenses have been excluded due to the lifetime of the product.
Wired loudspeaker is in a similar case. With the difference being that there is a lifetime for wired
loudspeakers, but it is so long that the products has not reached its end-of-life phase in this decade.

Spring 2024 Page 27 of 76



¥g0g Sutdg

9/, JO 8Z o8eJ

Table 6: Sales numbers is combined with the lifetime of products in order to estimate the quantities of each product that will be entering
the Waste system each year. The trend column shows the general trend for the product over the decade. ** Lifetime is multiple decades,

and this product is therefore assumed to be the average sold unit for the available data.

Number of sold electronics that is at its end-of-life based on its average lifetime.

Category Product Lifetime 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 Trend
Mobile Mobile Phone 3 2.400.000 2.100.000 1.850.000 2.000.000 1.900.000 1.800.000 1.700.000 1.600.000 1.520.000 1.356.000 N
Tablet 5 500.000 950.000 700.000 613.000 500.000 500.000 523.000 546.000 514.000 —
Smartwatch 4 320.000 720.000 760.000 900.000 1.060.000 1.210.000 1.170.000 1.200.000 1.160.000 Va
Camera Camera 7 519.000 499.000 405.000 311.000 224.000 140.000 120.000 68.000 80.000 49.000 AW
Camera Lenses oK - - - - - - - - - -
Videocamera 7 63.000 53.000 38.000 59.000 80.000 82.000 99.000 48.000 46.000 48.000 —
Large electric Chest Freezer 16 60.000 54.000 52.000 47.000 N\
appliances Cabinet Freezer 16 38.000 38.000 33.000 34.000 AW
Refrigerator/Freezer combo 16 181.000 182.000 160.000 149.000 N
Refrigerator 10 92.000 85.000 77.000 77.000 89.000 93.000 93.000 105.000 97.000 94.000 —
Washing machine 13 230.000 234.000 225.000 218.000 219.000 221.000 234.000 —
Dryer 10 92.000 79.000 70.000 71.000 76.000 82.000 86.000 77.000 87.000 91.000 —
Dishwasher 7 146.000 151.000 164.000 182.000 183.000 185.000 199.000 190.000 199.000 202.000 Va
Standalone oven 13 108.000 101.000 95.000 79.000 70.000 73.000 69.000 70.000 N
Built in oven 13 169.000 184.000 172.000 147.000 166.000 193.000 227.000 214.000 Va
Table stove 13 17.000 18.000 15.000 20.000 16.000 15.000 18.000 19.000 —
Kitchen ventilation 15 130.000 129.000 118.000 112.000 101.000 N
Mini Kitchen 6 2.000 2.000 2.000 1.000 2.000 1.000 1.000 1.000 1.000 1.000 N
Microwave 6 156.000 215.000 230.000 210.000 142.000 153.000 156.000 142.000 140.000 153.000 —
Small electric Personal care 3 677.000 664.000 643.000 657.000 620.000 613.000 540.000 680.000 670.000 633.000 —
Electric shaver 10 138.000 130.000 111.000 123.000 129.000 142.000 140.000 125.000 134.000 131.000 —
Hair removal (Female) 10 47.000 60.000 45.000 40.000 47.000 44.000 42.000 40.000 51.000 59.000 —
Kitchen equipment 7 1.307.000 1.549.000 1.752.000 1.625.000 1.774.000 1.902.000 1.923.000 1.590.000 1.412.000 1.600.000 —
Other household items 10 1.242.000 1.388.000 1.154.000 1.102.000 1.437.000 1.200.000 1.127.000 1.099.000 1.087.000 962.000 N
Sound and vV 8 636.000 601.000 593.000 520.000 483.000 415.000 429.000 387.000 375.000 386.000 N
picture products | DVD Player 7 107.000 80.000 52.000 24.000 17.000 15.000 25.000 15.000 14.000 12.000 N
Blu-ray Player 7 76.000 98.000 140.000 150.000 122.000 70.000 70.000 50.000 44.000 30.000 N
Sound and picture system 12 161.000 149.000 142.000 161.000 215.000 219.000 198.000 158.000 —
Radio with loudspeaker 10 119.000 95.000 98.000 120.000 110.000 90.000 140.000 180.000 120.000 130.000 —
Receiver/Amplifier/ Tuner 14 11.000 30.000 24.000 29.000 29.000 44.000 —
Loudspeaker 13 76.000 68.000 36.000 92.000 83.000 88.000 112.000 100.000 a
Wired Loudspeaker 13
CD Player 3 2.000 2.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 N
LP Player 7 4.000 4.000 4.000 4.000 8.000 9.000 10.000 12.000 10.000 15.000 a
Travel radio 10 200.000 170.000 192.000 185.000 125.000 185.000 270.000 330.000 500.000 620.000 Va
CD Player 3 15.000 13.000 10.000 5.000 5.000 10.000 5.000 5.000 5.000 2.000 N
MP3 Player 3 75.000 60.000 20.000 20.000 25.000 25.000 25.000 12.000 5.000 5.000 N
Headphones 5 1.200.000  1.000.000 800.000 840.000 880.000 960.000 920.000 N
Ear plugs (from 2020) 2 1.200.000  1.000.000 980.000 N
Car Radio 10 255.000 220.000 174.000 223.000 238.000 225.000 220.000 210.000 200.000 220.000 —
Car Amplifier 8 10.000 10.000 10.000 8.000 7.000 5.000 5.000 5.000 3.000 4.000 N
Car speaker 18 390000 459000 428000 —
Computers Computer (desktop) 5 177.000 191.000 —
Computer (laptop) 4 648.000 697.000 688.000 Va
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5.1.2 Metal content of the EE products

Due to the considerable number of both metals and EE products that is looked at in this thesis the
graph have been split into 3 separate graphs. This is done in order to be able to see the spread in
weight between the metals and it is easier to compare similar products, here being the size of the
product.

The first graph can be seen in Figure 11 which shows the larger products, being freezers, refrigerators,
ovens, TV and computers. The amount of metal shown is for one average unit of the EE product,
with the oven being the unit with the most metal followed by the upright freezer.

Many of the metals are in such small quantities that they do not show on the graphs, with the following
metals being the ones that are visible: steel, copper, aluminium and iron. Steel and iron are the main
contributor when it comes to quantity in these products.
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4,00E+01
3,50E+01 Steel
Fe
3,00E+01
2 2,50E+01 Al Cu
2,00E+01
1,50E+01
1,00E+01
5,00E+00 I I I N
0,00E+00 l . . -
¢ @& P @SS S NS E QL
((&é» Q‘Q’Q/b s & @’0& < é”é\ &OA \<\§ \ee\o ¢ & ° 6\\(}0 & @‘}& & g @2\0
N & > NN NN R AR e & X O %
o(\e’% .6\(\0 02:1’0 € “\\(\q ® (\6'» Q>§ <2 ?}\A N \5}‘§ &Q\K\ & \‘)@} Q\“»@
[PAN 2 B . Q S
¢ ’Z}é<< & 2 & (bob g N\ O@Q s
>N
&\QQ} 0\3 Qg‘O@
X ?
Electric product
m Steel m Copper (Cu) m Aluminium (Al)  mlron (Fe) m Nickel (Ni)
m | ead (Pb) mTin (Sn) mZinc (Zn) mCadmium (Cd)  mBarium (Ba)
m Gallium (Ga) E Tantalum (Ta) m Selenium (Se) Arsenic (As) = Chromium (Cr)
1 Cobalt (Co) ®Manganese (Mn) mBeryllium (Be) u Molybdenum (Mo) ® Antimony (Sb)
mVanadium (V) m Silicon (Si) ® Zirconium (Zr) m Strontium (Sr) = Magnesium (Mg)
Bismuth (Bi) m Titanium (Ti) Calcium (Ca) u Thallium (TI) Niobium (Nb)
mBoron (B)

Figure 11: The metals that can be found in 1 unit of EE products, part 1

Looking at the products in Figure 12. The difference between the products is quite vast. The Y-axis
is still in kg, but the values are smaller than in part 1, with every product being under 1 kg of metal
in total.

There is a little more variation here than in Figure 11. The metals with the larges contribution is still
steel and iron, but aluminium and copper have gotten a bigger role here. And nickel is also present
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in the products from Personal care to Kitchen equipment. Another product that is noteworthy is the
MP3 player which mainly consists of tin.
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Bismuth (Bi) Titanium (Ti) Calcium (Ca) u Thallium (TI) Niobium (Nb)
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Figure 12: Shows the metals that can be found in 1 unit of EE products, part 2

For the last graph showing the metal content of the products, it is the metals that have been replaced.
Here the focus is the more precious metals, along with the rare earth elements (REE) that is also
common in electronics. As it can be seen in Figure 13 the quantities of these metals are quite small
in a single unit of the EE products. This is to be expected as these metals are mostly used in the
printed circuit boards (PCB) that are in most electronics.

The metals that have the most occurrences are silver, gold, palladium and neodymium, neodymium
being a REE.These metals are most often found in sound equipment. There is almost no presence of
the metals found in the larger EE products seen in Figure 11 which can be assumed to be because
these products do not need the same size or complexity of PCB to perform their function.
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Figure 13: Shows the metals that can be found in 1 unit of EE products, part 3

With the numbers of units coming to its end of life phase and the weight of metals for each unit the
general change over the decade can be calculated. This development in mass can be seen in Figure 14
below. This graph will work as a baseline for the different metals and it will help to identify metals
that do not follow the norm.

Looking at the trend it can be seen that there is an increase over the years. This correspond well with
what was shown in Table 6 as quite a few of the products only reach the end of life phase towards
the middle of the decade. The total weight of the E-waste does almost double throughout the decade.
This is due to many of the heavier EE products not being part of the end of life phase in the start of
the decade.
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Figure 14: The total weight of the e-waste generated according to this model.

5.1.3 The changes in volume of metal for 2016-2025

With the known number of units for each EE product that is entering the waste system for the given
year, and the metal content for each EE product, the total quantity of each metal can be calculated.
Looking at the trend for the volume of each metal is interesting in regards to the environmental
impacts of said metal. This change over the decade is presented in the 3 Figures 15, 16 and 17 below.
Due to the huge difference between how much there is of each metal the graphs have been normalized
in regards to the total quantity of each metal for the decade.

Noteworthy and interesting changes for each graph will be presented below the relevant graph.

Spring 2024 Page 32 of 76



Master Thesis

0,25

0,20

o
o

o
IS

Normalized (total kg of metal)

)
{

0,05

0,00
2016

2017

~

g

i
)

N
?I

\l

2018

2019

2020

2021
Year

2022

2023

2024

2025

Figure 15: The change in quantity of metal over the decade, part 1.
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For the metals in Figure 15 the first thing to notice is that there are 3 metals that have a decrease over
the decade, these are lead, barium and zinc. This indicate that product containing these 3 elements
are phasing out. On the other hand, there are 4 metals that start with a very low quantity which then
quickly accelerates towards high quantities towards 2025, these being steel, cobalt, gallium and iron.
This indicates that the products that contain these metals are now being sold more or new products
have been introduced that includes them as well.
For the rest of the metals in this graphs it seems relatively stable throughout the decade with a little
increase towards the end, with the exception of tantalum which start like most of the other metals
and then have a dip until 2022 from which it surpasses its starting point. This indicates that there
is a decline in the products it is used in until 2022 where a new product is introduced to the market
which makes the steep increase.
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Figure 16: The change in quantity of metal over the decade, part 2.

For most of the metals in Figure 16 there is an increase in 2023, otherwise they are stable throughout.
This suggest that there are more units of the EE products that reach end of life in 2023, or that new
products are entering the pool. The metal with the biggest increase from the beginning to the end of
the decade is boron, with an odd drop in the last year.

It is accompanied by vanadium but vanadium is stable the last 3 years. This is similar to the other
metals, and likely have the same reasons for the changes. There is a metal that have a noteworthy
decline, silver, which imply the decrease of products containing it.
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Figure 17: The change in quantity of metal over the decade, part 3.

The last metals can be seen in Figure 17, with many interesting changes presented here. First off
there are quite a few that follows the same trend, making it a bit hard to see all of the details in the
graph and therefore it will be describes here along with the noteworthy changes. The first interesting
thing is the metals that is at zero and near zero in the start at 2016 and 2017, which then have a large
increase until the year 2024 and then a drop.

These metals are: dysprosium, gadolinium, neodymium and praseodymium and they follow the same
flow for the entire decade. These are the only metals that have years where they are not present at
all. The sharp drop from 2024 to 2025 indicates that one or more products which have these 4 metals
are no longer present. Another metal that is close in its flow is cerium, which also have a low start
and then a very high increase in 2023. This imply that a product that has a high quantity of cerium
is joining the pool of products in this year. The other possibility is that the quantity of these metals
are relatively low, and the inclusion of new products with these metals therefore impacts the flow over
the years.

5.2 Environmental impacts from the metals in Norway EE products.

In this section the different environmental impacts for the metals will be presented. The impacts are
divided between midpoint and endpoint categories. There are 4 midpoint categories that is looked at
here, starting with climate change and then going on to land use, material resources and then water
use. These 4 impacts represents the range that metals covers, and it showcases that metals have
different intensities for different impacts.

The 3 endpoint impacts are presented as well, which is ecosystem quality, human health and natural
resources. These represent the 3 main ways that the metals in EE products in Norway can have an
impact. They include every other midpoint impact that is not presented in this thesis, and therefore
can give an overall picture of the impacts the metals have.
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For every impact the noteworthy details will be presented below the figure. Every graph is showing
the total impact from every metal for each year from 2016-2025.

5.2.1 Midpoint impacts
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Figure 18: The climate change impact over the period from 2016-2025 for every metal found in
EE products

In Figure 18 the climate change impact can be seen. This impact is in kg CO2-eq and is the impact
used most often in decision making, regarding the environment. There is one metal that is by far the
main contributor throughout the decade, and that is aluminium. The trend for most of the metals is
an increase in impact, which was to be expected with the results from the Figures 15, 16 and 17. The
other primary contributors to the impact are steel, iron and gold. With the highest impact being from
steel and then going down in the same order. Overall there is an increase in climate change impact,
which corresponds to the increase in EE products (see Figure 14).

The metals with the highest contribution are also the most common metals in EE products, which
could lead one to the conclusion that it is just a matter of the quantity of the metal. This is not the
case as can be seen in the other impacts below, though it most likely contributes to the result.
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Figure 19: The land use impact over the period from 2016-2025 for every metal found in EE

products

In Figure 19 the impact on land use can be seen. Here the picture is similar to the impact of climate
change in Figure 18. Though there is a increase in impact from multiple other metals. This impact
category is measured in m2 crop-eq, which indicates how much land is being transformed by the

production of these metals.

Aluminium is the metal with the highest impact, with steel coming in second for the majority of the
decade. Gold start out with the highest impact in 2016 but decreases fast after that. The other metals
that have a relatively higher impact on land use than on climate change is tantalum and neodymium.
Nickel is also quite impactful in this category, and iron is more or less the same as in climate change.
Here the individual impact of the metals is showing as gold, tantalum and neodymium is nowhere
near the volume of aluminium and steel.
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Figure 20: The material resources impact over the period from 2016-2025 for every metal found
in EE products

The impact category shown in Figure 20 present the depletion of mineral resources in Cu-eq. This
gives an indication of which minerals are scarce, both in a literal sense and due to the difficulty of
obtaining the mineral. The impacts from the different metals are very different for this category as

the most impactful is neodymium for the period that it is present.

As seen above in Figure 17 neodymium and praseodymium are not present in 2016 and 2017. Praseodymium
is introduces in this category at the same time as neodymium, and for the period it is present it is the
second most impactful metal. It is close with steel and iron for the second spot. Here aluminium has

one of the lowest impacts that are still visible. This indicates that it is very easy to come by. This

is vastly different from the prior impact categories, and is a good example of why it is important to
look at the problem from different angles.
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Figure 21: The water use impact over the period from 2016-2025 for every metal found in EE

products

The last midpoint impact is water use which can be seen in Figure 21.

This impact category is

measured in cubic meter of water, and it is divided mostly between steel, aluminium and nickel.
With gold and iron having a small presence. The production of nickel clearly uses a lot of water
compared to the other metals that have showed up in all of the midpoint impact categories. There is
an interesting rise in impact in 2022 where it reaches its peak before going down a little, but in 2025
it increases slightly again. This correlates to the changes in the quantity of the metal seen in Figure 15.

For the 4 midpoint categories there are a few metals that has a noticeable presence in every one
of them. These are steel, aluminium, iron, nickel and gold. The relative size of their impacts vary
between the different impacts, but they are visible in every one of them. Besides these neodymium
has shown a large presence in the mineral depletion and a smaller presence in the land use category.
Let’s see if this trend continues with the endpoint impacts.
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5.2.2 Endpoint impacts
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Figure 22: The ecosystem quality impact over the period from 2016 to 2025 for every metal
found in EE products.

The first endpoint impact category that is presented is ecosystem quality, which is measured in species
lost pr. year. This impact can be seen in Figure 22 above. Here aluminium has the highest impact
of all the metals, with steel and palladium coming in second and third respectively. iron, nickel and
gold all have a noticeable impact as well.

The impact of this category is under 1 species a year throughout the decade, which means that the
metals in the Norwegian EE products is not single-handily responsible for the extermination of any
species, but towards the end of the decade it is getting close with the total being just over 0.7 species
a year.

Spring 2024 Page 40 of 76



Master Thesis

800

700

600

500

300 s

200

100

2016 2017 2018 2019 2020
m Steel u Copper ® Aluminium H|ron
m Cadmium = Barium m Galium u Tantalum
= Manganese  mBeryllium m Molybdenum = Antimony
= Magnesium Bismuth = Titanium = Calcium
= Gold m Palladium m Cerium m Dysprosium

mlanthanum  ®Neodymium  ®Praseodymium ®mScandium

2021
Year

= Nickel

m Selenium
= Vanadium
= Thallium
= Erbium

® Samarium

2022

| ead

= Arsenic

= Silicon

= Niobium
= Europium
= Thulium

2023

ETin

= Chromium
m Zirconium
mBoron

= Gadolinium
m Ytterbium

Palladium
Gold

Nickel

Iron

Aluminium

2024 2025

EZinc

u Cobalt

m Strontium
u Silver

= Holmium
u Yttrium

Figure 23: The human health impact over the period from 2016 to 2025 for every metal found

in EE products.

The second endpoint impact that is presented is human health which is measured in DALYs, one
DALYs equal to the loss of one healthy year. The impact for the decade can be seen in Figure 23
above. For human health aluminium is the main contributor followed by steel and iron, with palladium,
nickel and gold following. The impact starts at 400 DALYs in 2016 and goes just over 700 from 2023

to the end of the decade.

This means that depending on which year that is looked at, between 400 and 700 years is lost due
to disability, ill health or early death. This sounds like a high impact, but it is spread out over an
unknown number of people which makes it hard to determine the specific meaning this has for the
impacted people. The total impact is mainly from only 6 of the 48 metals that is in EE products.
Which makes it easier to lower the total impact as the focus then can be on these 6 metals.
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Figure 24: The natural resources impact over the period from 2016 to 2025 for every metal
found in EE products.

The last endpoint impact category is natural resources, which is measured in US dollars pr kg of the
metal. This is used to determined the scarcity of the metal, as the price of the metal will increase
the more scarce it is. This is close to what can be seen in the midpoint impact category for material
resources in Figure 20.

The metals that have the highest impacts here are steel and neodymium, followed by aluminium, iron,
praseodymium and nickel. The highest total impact can be seen in the years of 2023 and 2024 which
follows the trend seen for the individual metals in the 2 figures 15 and 17.

5.2.3 The products with the highest concentration of specific metals

With the environmental impacts from the metals presented in the section above, the next thing that
will be looked at is some of the metals that showed up in the multiple of the midpoint and endpoint
categories. steel, aluminium, iron and neodymium are the 4 metals that will be delved into in this
section.
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Figure 25: The highest concentrations of steel in the different product for each year from 2016-
2025.

Steel is interesting as it has a solid presence for every impact category previously addressed. The
different EE products that contain steel is presented in Figure 25. There are quite a few of the EE
products that is not present the entire decade, such as the different kinds of freezers, the washing
machine or the ovens. Steel seems to be in the larger EE products and there are not a single type of
product that contains the majority of the steel.

The products with the majority of the steel are the different freezers and refrigerator, the washing
machine, the cloth dryer, the dishwasher and the different kind of ovens. These are all products with
a relatively long lifespan which is the reason for why most of them are showing up in the middle of
the decade. Aside from these products, microwave and TV also contain a noticeable quantity of steel.
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The highest concentrations of aluminium in the different product for each year from

Aluminium is one of the metals that has a high impact in most of the environmental impact categories.
Which products that contain this metal is interesting and there is some variety in the kind of product
that contribute to the total volume of the aluminium.
The biggest contributor is TV’s, which are present throughout the decade. When washing machines
enters the end of life phase it is a close second to the TV’s contribution. Other noteworthy products
include kitchen ventilation, kitchen equipment, sound and picture systems and computers.

The visible green and light orange lines between washing machine and kitchen ventilation are the
dryer and the two kind of ovens. There is a large difference between the products that contribute to
the total volume of aluminium. As kitchen equipment provides a function that is very different from

that of a TV.
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Figure 27: The highest concentrations of iron in the different product for each year from 2016-
2025.

Iron is a stable part of every one of the environmental impact category, and it have the same devel-
opment over the decade for every one of them. Therefore the products that have the most iron in
them are looked at in Figure 27. For the products that contain iron there is a clear majority of the
larger appliances. The refrigerator category is contributing throughout the decade, which is generally
steady for the period.

Washing machines begins contributing in 2018, also with a pretty steady contribution. In 2021 the
other kinds of refrigerator and freezer begins to contribute to the volume of iron, with the combination
of refrigerator and freezer having the biggest total contribution.
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Figure 28: The highest concentrations of neodymium in the different product for each year
from 2016-2025.

For the midpoint and endpoint impact category that looked at mineral scarcity it was clear that the
biggest contributor was neodymium. The trend of neodymium throughout the decade correspond to
what can be seen in Figure 28. The main contributors of neodymium are the electronics that produce
sounds, as the only visible products are loudspeakers in different variations. Neodymium can be seen
to have a presence in most modern electronics, just as most other REE’s have which can be seen in
Appendix 7.2, Table 13-14.

The biggest contributors are head phones and ear plugs, which are products with a short lifespan of
5 and 2 years respectively. This could be a reason for the higher contribution than the other kind of
products, as people will buy new ones more often.
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5.3 Answering of the research questions

For this section the result presented in the sections above will be combined to answer the 2 research
questions. The various uncertainties and assumptions will be discussed as well as held up against the
information gathered in the literature review.

5.3.1 Research question 1

The first question is ”What are the flows of electronic products and the metals withing, and how does
it change over the decade 2016-20257”

As the scope of this thesis focuses on the end of life of the electronic products the flows have been
adjusted by the lifetime of every product. This have resulted in Table 6 where there are multiple years
for different products without any data. This is due to long lifespans for the most part, as the oldest
available sales data is from 2006 and there are product for which sales data does not go that far back.
This does of course not mean that no E-waste is generated in these periods, just that the model does
not cover this. Looking at the metals in the electronics products the flow of these are linked to the
number of sold units, and therefore there will be a smaller volume in the start of the decade, compared
to the end of it.

For the number of metals found in electronic waste, 48 have been documented. The vast majority of
these metals are found in the printed circuit boards that is in most modern electronics. Only 5 of
the metals where documented not being part of the PCB, these being steel, copper, aluminium, iron
and nickel. These 5 metals are the main contributors of the metals found in electronics, which is no
surprise as PCB is a relative low percent of the weight of the electronic product.

5.3.2 Research question 2

The second question is ”What are the impacts embedded in the metals in electronic products, and
which metals and products contribute the most?” There are many different impacts included when
looking at the process of excavating metal from the earth. The ones looked at in this thesis are chosen
based on the principle that the severity of the impact a metal has changes depending on which metal
or impact that is looked at. Therefore a wide variety of impacts have been chosen with this goal in
mind. In the literature review different impact categories have been presented, with global warming,
energy demand, terrestrial acidification, freshwater eutrophication, human toxicity and metal scarcity
as the main impacts in regard to metals.

These impact categories have then been used as a base to determined which midpoint and endpoint
impacts that were chosen to be applied on the metals in the Norwegian system. Four midpoint impact
categories (climate change, land use, material resources and water use) along with the 3 endpoint
impacts categories (ecosystem quality, human health and natural resources) covers the same categories
that the literature review found.

With the environmental impacts determined it can be seen that the impact each metal has changes
in intensity depending on which impact category is looked at. But the majority of the impacts are
from the same few metals: steel, aluminium, iron, nickel and gold. Then depending on the specific
impact category there are some other metals that are showing up, as a example: neodymium and
praseodymium have a huge impact on the mineral scarcity. Nickel has a huge impact on water use,
but a minor impact in the rest of the categories.

With these environmental impacts in mind, 4 metals have been chosen for further investigation. This
is to determine which electric product are responsible for the majority of the impacts. The 4 metals
are steel, aluminium, iron, and neodymium due to the consistency of the first 3 throughout every
impact category. The last was chosen due to its very high impact in the mineral scarcity impact
category.
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For steel the products that contribute most to the mass of steel are the Large FElectric Appliances,
such as ovens, dishwashers, cloth dryer and washing machines. This correspond to what was found in
Figure 11 that showed the mass of a single unit of each of the electronic products. There is steel in
26 of the electronic products, but the majority of the impact lies with just 5 of the products.

Continuing with aluminium which is a product that clearly have the biggest impact, TV is a major
contributor throughout the decade. With washing machine contributing from 2018 as well. Looking
at iron, the majority of the products is only entering the end of life phase in 2021, with the Large
Electric Appliances having the main contribution once again. The products are, washing machine,
refrigerator and freezers. Desktop computers also have a presence in the last couple of years.

For neodymium the electronics that have the majority of this metal is different kind of speakers, of
one kind or another. With headphones and earplugs being the biggest contributors.

Therefore the midpoint impact of mineral depletion in Figure 20 and the endpoint impact in Figure 24
can be attributed to the electronics products that produce sounds, such as speakers. For aluminium
the midpoint category where it were the majority of the impacts was climate change, but land use
and water use did also have a large portion of its impact coming from aluminium. It is similar for
the 3 endpoint categories, which all have aluminium presence. Here two products can take the main
blame for these impacts, which are TV and Washing machines. They are not alone as there are many
products that have aluminium in it, but they do stick out as the major contributors.

Iron and steel have similar trends, both within the environmental impact categories and within the
products, and will as such be mentioned together here. They have a relatively big impact in both
the midpoint and the endpoint categories being represented in every category. The products were the
larger electrical products that use a lot of the metals due to its sizes. It is similar to the neodymium,
as it is more of a overall category than one product that will take the blame for the impacts.

5.4 Further work

Further work with the this topic is possible in several ways, both in improving upon the work that is
already done, or to add to it with new angles. This is what will be discussed in this section.

First the work that can be improved upon. The model is built on the statistic of sales numbers of
electronic products from Elektronikkbransjen. But there are room for improvement for this. Com-
puters are not part of the sales numbers, and were included by estimation from other sources.

There are likely other kind of electronics which are not covered by Elektronikkbransjen, and the inclu-
sion of these electronics will make the model more robust. One such electronic which is not included
in the statistic is printers. So further work with this topic could be the expansion of the electronics
that are looked at.

Another way the work in this thesis could be worked with further is the range for the yearly sales
of electronics, as this would improve the coverage over the years for every product. This might not
be possible if the required data is not available. This will however improve with time, as Elektron-
ikkbransjen is gathering data yearly.

In regards to adding on to the topic, or using the work from this thesis to support new work there is a

clear next step. Environmental impact of recycled metals compared with the impact of virgin metals.
This could be used for future decision making when it comes to improving the environment.
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6 Conclusion

This thesis set out to find the flows of electric and electronic products, and the metals that these
products contain. The most common EE products in Norway have been found and been categories
into 6 subcategories which are Mobile, Camera, Large Electric Appliances, Small electric, Sound and
picture systems and Computers. In these 6 subcategories there are 44 different kinds of EE products.
Where some are being specific, like mobile phone, tablet and smartwatch which are EE products from
the Mobile category. Others are broader in scope, like ”kitchen equipment” and ”other household
items” which are some of the EE products from Small electric.

The weight of each of these EE product have been found by calculating the average of the weight
of EE products for sale in Norwegian electronic stores. For some of the product there are official
research reports that have provided information on the weight as well. For each of these EE products
the average lifetime have been determined, and the range between products is quite wide. Ear plugs
have an average lifespan of 2 years, whereas freezers have a lifespan of 16 years on average. This
large difference in lifetime have proven to be a challenge for determining the flow of the products
throughout a longer period of time. With the data available it was possible to make a table for the
flows of EE product coming to its end-of-life phase for the years 2016-2025.

The general trend for how many products were sold in this period have been found for every type of
EE product. There are 18 of the products that have a downward trend, 17 that have a steady trend,
7 that have an upward trend, and 2 which have a lifetime so high that no product have reached its
end-of-life phase yet. 24 of the 44 EE products have data starting at 2016, with 2024 being the year
with most products at 42 of the products.

The metals that are in the EE products have been found as well, with 48 different metals being
present in these EE products. There are 5 metals that make up the majority of the metal used in EE
products, which are steel, copper, aluminium, iron and nickel. The reason these metals have a much
bigger presence than the rest are due to the rest mainly being found in the PCB’s of the EE products.
Metals found in PCB’s that stand out include silver, gold and palladium which are all considered
precious metals. There are many REE’s found in PCB’s as well with neodymium and praseodymium
having the largest presence.

The metals that are the most abundant are the same metals that are responsible for the highest
impact across the different environmental impact categories, with the exception of the REE’s which
have impact in some of the categories but the quantity of the metal is not comparable to the other
mentioned metals. For midpoint categories climate change, land use, material resources and water
use is looked at in this thesis. All 3 of the endpoint categories are looked at, which are ecosystem
quality, human health and natural resources.

Steel has a clear impact on every impact category, without dominating any of them. Aluminium have
the larges contribution for climate change, land use, ecosystem quality and human health. It have the
smallest of the impact, when comparing the 5 metals that make up the majority in EE products, in
material resources. Iron have a impact in every category, with the smallest impacts being for water
use and ecosystem quality. In comparison to the other metals it is not the most impact full metal in
any category.

Nickel have a major impact in the water use for which it is one of the 3 metals with the highest
impacts. For the other impact categories it is one of the metals with the lowest impacts. Neodymium
and praseodymium are the major impacts in material resources, and as a result they show a large
impact in natural resources as well. The only other impact category where one of them, neodymium,
is visible is land use and is is a small impact. Gold and palladium have a impact in most if the
categories, but not with the same influence as the rest. They have the highest impacts in ecosystem
quality and human health.
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The products with most steel, aluminium, iron and neodymium have been investigated to see which
product have the highest contribution on the environmental impacts.

Steel are spread out over many of the Large Electric Appliances, with ovens, dishwashers, cloth dryers
and washing machines being some of the major contributors.These products contribute to every impact
category as steel has a steady presence in every one of the categories.

Aluminium have a few major contributors such as TV’s and washing machines. There are several
other products that have significance impacts, such as kitchen equipment, computers and sound and
picture systems. With the quantity of aluminium in these products having high impact on climate
change, land use, ecosystem quality and human health.

Iron is mainly found in Large Electric Appliances, same as steel, within product such as refrigerators
and freezers. It were found in computers as well. These products contribute in a similar way to steel.
but iron did not have a major impact in any of the categories.

Neodymium is primarily found in different kind of speakers, with headphones, ear plugs and loud-
speakers having the highest quantity of this metal. These product have the highest impact on material
resources and contribute to natural resources.
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www . power . dk / hvidevarer / madlavning / indbygningsovne / aeg - 8000 - seriens - bbp8002b -
indbygningsovn/p-1951594 /#specs

Power & AEG. (n.d.-e). "AEG 9000-serien LIWDG165C” [Visited on the 20 May 2024]. https:
/ /www.power.no / hvitevarer / klesvask / kombinert- vasktoerk / aeg- 9000- serien-19wdg165c-
kombi-vasktoerk/p-1192524 /#specs

Power & AEG. (n.d.-f). "AEG 9000-serien TR946P955” [Visited on the 20 May 2024]. https://www.
power.dk/hvidevarer /toejvask /toerretumblere/aeg-9000-seriens- tr946p95s- toerretumbler /p-
2192764 /#specs

Power & AEG. (n.d.-g). "AEG TR946V95C” [Visited on the 20 May 2024]. https://www.power.dk/
hvidevarer/toejvask/toerretumblere/aeg-tr946v95c-toerretumbler/p- 1646188 /#specs

Power & Babyliss. (n.d.-a). "BABYLISS P129/FE AC HARTORRER” [Visited on the 20 May 2024].
https://www.power.dk /skoenhed- og- velvaere /haarpleje /haartoerrer / babyliss- p1294e- ac-
haartoerrer/p-1166752/

Power & Babyliss. (n.d.-b). "BABYLISS W2/47F DEEP WAWES BOLGEJERN” [Visited on the
20 May 2024]. https://www.power.dk /skoenhed- og- velvaere / haarpleje / boelgejern- og-
multistylere /babyliss-w2447e-deep-wawes-boelgejern/p-1115042/

Power & Barista, L. (n.d.). ”Lor barista sublime LM9012660 kapselkaffemaskine, sort” [Visited on
the 20 May 2024]. https://www.power.dk /koekken- og- madlavning / kaffe- og- te / kapsel -
kaffemaskine/lor-barista-sublime-1m901260- kapselkaffemaskine-sort /p-1928142 /#specs
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https://www.power.dk/koekken-og-madlavning/kaffe-og-te/kapsel-kaffemaskine/lor-barista-sublime-lm901260-kapselkaffemaskine-sort/p-1928142/#specs
https://www.power.dk/koekken-og-madlavning/kaffe-og-te/kapsel-kaffemaskine/lor-barista-sublime-lm901260-kapselkaffemaskine-sort/p-1928142/#specs

Master Thesis

Power & BLND. (n.d.). "BLND Berbar Blender, sort” [Visited on the 20 May 2024]. https://www.
power.dk / koekken- og- madlavning / koekkenmaskiner- og- miksere / blendere / blnd - baerbar-
blender-sort /p-2614089/#specs

Power & Bosch. (n.d.-a). ’JBOSCH BCS82G31 UNLIMITED 8 LEDNINGSFRI STOVSUGER” [Vis-
ited on the 20 May 2024]. https://www .power.dk /hus/rengoering- og- stoevsugning /
ledningsfrie-stoevsugere /bosch-bes82g31-unlimited- 8-ledningsfri-stoevsuger /p-1188588/

Power & Bosch. (n.d.-b). ”"BOSCH BGBS2LB1 SERIES 2 STOVSUGER” [Visited on the 20 May
2024]. https://www.power.dk/hus/rengoering-og-stoevsugning /stoevsugere /bosch-bghs21b1-
series-2-stoevsuger/p-1205684/

Power & Bosch. (n.d.-c). "Bosch DWF67KM60” [Visited on the 20 May 2024]. https://www.power.
dk /hvidevarer /emhaetter- og-tilbehoer /emhaetter /bosch- dwf67km60- emhaette / p- 863278 /
#£specs

Power & Bosch. (n.d.-d). ”Bosch MCM3501M Foodprocessor” [Visited on the 20 May 2024]. https://
www.power.dk /koekken-og-madlavning /koekkenmaskiner-og-miksere / foodprocessor /bosch-
mem3501m-foodprocessor/p-260178 /#specs

Power & Bosch. (n.d.-e). ”Bosch mfq4020 handmikser” [Visited on the 20 May 2024]. https://www.
power . dk / koekken - og - madlavning / koekkenmaskiner - og - miksere / haandmiksere / bosch -
mfq4020-haandmikser /p-207417 /#specs

Power & Bosch. (n.d.-f). "Bosch Series 6 KUL15AFFO” [Visited on the 20 May 2024]. https://www.
power.no/hvitevarer /kjoel-frys-og-kombiskap /kjoeleskap /bosch-serie- 6- kull5aff0- kjoeleskap-
med-fryser /p-1120320/#specs

Power & Braun. (n.d.-a). "JBRAUN SERIES 3 301S-BARBERMASKINE” [Visited on the 20 May
2024]. https://www.power.dk /skoenhed- og- velvaere /haarfjerning- og- trimning- til- maend /
barbermaskiner /braun-series-3-301s-barbermaskine/p-886934 /#specs

Power & Braun. (n.d.-b). ’JBRAUN SERIES 7 71-51000S BARBERMASKINE” [Visited on the 20
May 2024]. https://www.power.dk /skoenhed- og- velvaere / haarfjerning- og- trimning- til-
maend/barbermaskiner /braun-series- 7-71-s1000s-barbermaskine /p- 1769858 /#specs

Power & Brevilla. (n.d.). ”Breville barista max espressomaskine” [Visited on the 20 May 2024].
https://www.power.dk / koekken- og- madlavning / kaffe- og- te / espressomaskiner / manual -
espressomaskiner /breville-barista-max-espressomaskine /p- 1019565 /#specs

Power & Canon. (n.d.-a). ”Canon EF-S 10-18MM?” [Visited on the 20 May 2024]. https://www.power.
no/mobil-og-foto/kameratilbehoer /objektiv /canon-ef-s-10- 18mm-is-stm-ew-73c-lc-kit /p-
253880/ #specs

Power & Canon. (n.d.-b). ”"Canon EOS 2000D” [Visited on the 20 May 2024]. https://www.power.
no / mobil - og- foto / kamera / speilreflekskamera / canon - eos - 2000d - 18 - 55mm - dc- kit / p-
870144 /#specs

Power & Canon. (n.d.-c). "Canon EOS R10” [Visited on the 20 May 2024]. https://www.power.
no/mobil-og- foto /kamera /speilreflekskamera / canon- eos-r10- kamerahus- svart / p- 1809926 /
#specs

Power & Canon. (n.d.-d). "Canon EOS R7” [Visited on the 20 May 2024]. https://www.power.no/
mobil-og-foto /kamera /speilreflekskamera / canon- eos-r7-kit-med- rf-s- 18- 150- mm- is- stm-
svart /p-1809930/#specs

Power & Canon. (n.d.-e). "Canon Legria HF G707 [Visited on the 20 May 2024]. https://www.
power.no/mobil-og-foto/kamera/videokamera/canon-legria- hf-g70-4k-videokamera-svart /p-
1914673 /#tspecs

Power & Canon. (n.d.-f). “Canon RF 100-400MM?” [Visited on the 20 May 2024]. https://www.power.
no/mobil-og-foto/kameratilbehoer /objektiv / canon-rf-100- 400- mm- f56- 8- is- usm- objektiv-
svart /p-1978189/#specs

Power & Canon. (n.d.-g). "Canon RF 24-105 MM” [Visited on the 20 May 2024]. https://www.power.
no/mobil-og-foto/kameratilbehoer /objektiv/canon-rf-24-105-mm-{4-71-is-stm-linse-svart /p-
1809961 /#specs
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https://www.power.dk/koekken-og-madlavning/kaffe-og-te/espressomaskiner/manual-espressomaskiner/breville-barista-max-espressomaskine/p-1019565/#specs
https://www.power.dk/koekken-og-madlavning/kaffe-og-te/espressomaskiner/manual-espressomaskiner/breville-barista-max-espressomaskine/p-1019565/#specs
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Master Thesis

Power & Canon. (n.d.-h). "Canon RF 50 MM” [Visited on the 20 May 2024]. https://www.power.
no /mobil- og- foto / kameratilbehoer / objektiv / canon- rf- 50- mm- 18- stm- objektiv-svart / p-
1978192 /#tspecs

Power & Cepter. (n.d.). "CEPTER HARPER HOJTALERE, SORTE” [Visited on the 20 May 2024].
https: //www.power.dk /computere-og-tablets /hoejtalere-og-headset / pc-hoejttalere /cepter-
harper-hoejtalere-sorte/p-2142494/

Power & Creative. (n.d.). "CREATIVE T60 HOJTALERE” [Visited on the 20 May 2024]. https:
/ /www.power.dk /computere-og-tablets /hoejtalere- og-headset / pc-hoejttalere / creative-t60-
hoejtalere/p-1195689/

Power & Denver. (n.d.). "DENVER DVH-7787 2-KANALS DVD-AFSPILLER” [Visited on the 20
May 2024]. https://www.power.dk/tv-og-lyd/afspillere /dvd-og-blu-ray/denver-dvh-7787-2-
kanals-dvd-afspiller/p-1115692/

Power & Dyson. (n.d.). "DYSON V8 LEDNINGSFRI STOVSUGER” [Visited on the 20 May 2024].
https://www.power.dk /hus/rengoering-og-stoevsugning /ledningsfrie-stoevsugere /dyson-v8-
ledningsfri-stoevsuger /p-2540655/7q=st %C3%B8vsuger

Power & Ecovacs. (n.d.). "ECOVACS DEEBOT T10 PLUS ROBOTSTOVSUGER MED TOMMESTATION”
[Visited on the 20 May 2024]. https://www.power.dk /hus /rengoering- og- stoevsugning /
robotstoevsugere/ecovacs-deebot-t10-plus-robotstoevsuger-med-toemmestation /p- 1583565/

Power & Electrolux. (n.d.-a). ”Electrolux E7TKM1-4PB kokkenmaskine, sort” [Visited on the 20 May
2024]. https://www.power . dk / koekken - og- madlavning / koekkenmaskiner - og - miksere /
koekkenmaskiner /electrolux-e7km1-4pb-koekkenmaskine-sort /p-1183719/#specs

Power & Electrolux. (n.d.-b). ’ELECTROLUX EUOC93IW ULTRAONE CLASSIC STOVSUGER”
[Visited on the 20 May 2024]. https://www.power.dk /hus/rengoering- og- stoevsugning /
stoevsugere/electrolux-euoc93iw-ultraone-classic-stoevsuger/p-1934137/

Power & Feel. (n.d.). "FEEL QUEST 2 BLUETOOTH-HOJTALER MORKEBLA” [Visited on the
20 May 2024]. https://www.power.dk/tv-og-lyd/traadloese-hoejtalere /bluetooth-hoejtalere/
feel-quest-2-bluetooth-hoejtaler-moerkeblaa/p-1194384/

Power & Gorenje. (n.d.-a). "Gorenje Advanced Line FN619DABK” [Visited on the 20 May 2024].
https: / /www.power.no /hvitevarer / kjoel- frys- og- kombiskap / fryseskap / gorenje- advanced -
line-fn619dabk6-fryser /p-2065506 / #specs

Power & Gorenje. (n.d.-b). "Gorenje BO9637B Indbygningsovn” [Visited on the 20 May 2024]. https://
www.power.dk /hvidevarer /madlavning/indbygningsovne/gorenje-bo9637b-indbygningsovn/
p-2087195/#specs

Power & Gorenje. (n.d.-c). "Gorenje essential Line FHO1CW?” [Visited on the 20 May 2024]. https:
/ / www .power.no / hvitevarer / kjoel - frys- og- kombiskap / fryseboks / gorenje- essential - line-
th301cw-fryseboks/p-1268006 /#specs

Power & Gorenje. (n.d.-d). "Gorenje GEC6C62WPC” [Visited on the 20 May 2024]. https://www.
power . dk / hvidevarer / madlavning / komfurer / gorenje - gec6¢62wpc - keramisk - komfur / p -
1800524 /#tspecs

Power & Gram. (n.d.). "Gram KFE 610-60 N” [Visited on the 20 May 2024]. https://www.power.dk/
hvidevarer /madlavning/komfurer /gram-ke-610-60-n-keramisk-komfur/p-1163075/#specs

Power & Grundig. (n.d.-a). "Grundig GR5500 GTP5824CN” [Visited on the 20 May 2024]. https://
www.power.dk/hvidevarer/toejvask /toerretumblere/grundig-gr5500-gtp5824cn-toerretumbler/
p-1214687 /#specs

Power & Grundig. (n.d.-b). "Grundig GR7700 GTP7023CEGW” [Visited on the 20 May 2024].
https: / /www.power.dk /hvidevarer / toejvask /toerretumblere / grundig- gr7700- gtp7023cegw-
toerretumbler/p-1195284 /#specs

Power & Haws. (n.d.). "Haws MO202020 Miniovn” [Visited on the 20 May 2024]. https://www.power.
dk /koekken- og- madlavning / madlavningsapparater / miniovne- og- fritstaaende- kogeplader /
haws-mo0202020-miniovn/p-2155917 /#specs
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https://www.power.no/mobil-og-foto/kameratilbehoer/objektiv/canon-rf-50-mm-f18-stm-objektiv-svart/p-1978192/#specs
https://www.power.no/mobil-og-foto/kameratilbehoer/objektiv/canon-rf-50-mm-f18-stm-objektiv-svart/p-1978192/#specs
https://www.power.no/mobil-og-foto/kameratilbehoer/objektiv/canon-rf-50-mm-f18-stm-objektiv-svart/p-1978192/#specs
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset/pc-hoejttalere/cepter-harper-hoejtalere-sorte/p-2142494/
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset/pc-hoejttalere/cepter-harper-hoejtalere-sorte/p-2142494/
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset/pc-hoejttalere/creative-t60-hoejtalere/p-1195689/
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset/pc-hoejttalere/creative-t60-hoejtalere/p-1195689/
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset/pc-hoejttalere/creative-t60-hoejtalere/p-1195689/
https://www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray/denver-dvh-7787-2-kanals-dvd-afspiller/p-1115692/
https://www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray/denver-dvh-7787-2-kanals-dvd-afspiller/p-1115692/
https://www.power.dk/hus/rengoering-og-stoevsugning/ledningsfrie-stoevsugere/dyson-v8-ledningsfri-stoevsuger/p-2540655/?q=st%C3%B8vsuger
https://www.power.dk/hus/rengoering-og-stoevsugning/ledningsfrie-stoevsugere/dyson-v8-ledningsfri-stoevsuger/p-2540655/?q=st%C3%B8vsuger
https://www.power.dk/hus/rengoering-og-stoevsugning/robotstoevsugere/ecovacs-deebot-t10-plus-robotstoevsuger-med-toemmestation/p-1583565/
https://www.power.dk/hus/rengoering-og-stoevsugning/robotstoevsugere/ecovacs-deebot-t10-plus-robotstoevsuger-med-toemmestation/p-1583565/
https://www.power.dk/koekken-og-madlavning/koekkenmaskiner-og-miksere/koekkenmaskiner/electrolux-e7km1-4pb-koekkenmaskine-sort/p-1183719/#specs
https://www.power.dk/koekken-og-madlavning/koekkenmaskiner-og-miksere/koekkenmaskiner/electrolux-e7km1-4pb-koekkenmaskine-sort/p-1183719/#specs
https://www.power.dk/hus/rengoering-og-stoevsugning/stoevsugere/electrolux-euoc93iw-ultraone-classic-stoevsuger/p-1934137/
https://www.power.dk/hus/rengoering-og-stoevsugning/stoevsugere/electrolux-euoc93iw-ultraone-classic-stoevsuger/p-1934137/
https://www.power.dk/tv-og-lyd/traadloese-hoejtalere/bluetooth-hoejtalere/feel-quest-2-bluetooth-hoejtaler-moerkeblaa/p-1194384/
https://www.power.dk/tv-og-lyd/traadloese-hoejtalere/bluetooth-hoejtalere/feel-quest-2-bluetooth-hoejtaler-moerkeblaa/p-1194384/
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/fryseskap/gorenje-advanced-line-fn619dabk6-fryser/p-2065506/#specs
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/fryseskap/gorenje-advanced-line-fn619dabk6-fryser/p-2065506/#specs
https://www.power.dk/hvidevarer/madlavning/indbygningsovne/gorenje-bo9637b-indbygningsovn/p-2087195/#specs
https://www.power.dk/hvidevarer/madlavning/indbygningsovne/gorenje-bo9637b-indbygningsovn/p-2087195/#specs
https://www.power.dk/hvidevarer/madlavning/indbygningsovne/gorenje-bo9637b-indbygningsovn/p-2087195/#specs
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/fryseboks/gorenje-essential-line-fh301cw-fryseboks/p-1268006/#specs
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/fryseboks/gorenje-essential-line-fh301cw-fryseboks/p-1268006/#specs
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/fryseboks/gorenje-essential-line-fh301cw-fryseboks/p-1268006/#specs
https://www.power.dk/hvidevarer/madlavning/komfurer/gorenje-gec6c62wpc-keramisk-komfur/p-1800524/#specs
https://www.power.dk/hvidevarer/madlavning/komfurer/gorenje-gec6c62wpc-keramisk-komfur/p-1800524/#specs
https://www.power.dk/hvidevarer/madlavning/komfurer/gorenje-gec6c62wpc-keramisk-komfur/p-1800524/#specs
https://www.power.dk/hvidevarer/madlavning/komfurer/gram-ke-610-60-n-keramisk-komfur/p-1163075/#specs
https://www.power.dk/hvidevarer/madlavning/komfurer/gram-ke-610-60-n-keramisk-komfur/p-1163075/#specs
https://www.power.dk/hvidevarer/toejvask/toerretumblere/grundig-gr5500-gtp5824cn-toerretumbler/p-1214687/#specs
https://www.power.dk/hvidevarer/toejvask/toerretumblere/grundig-gr5500-gtp5824cn-toerretumbler/p-1214687/#specs
https://www.power.dk/hvidevarer/toejvask/toerretumblere/grundig-gr5500-gtp5824cn-toerretumbler/p-1214687/#specs
https://www.power.dk/hvidevarer/toejvask/toerretumblere/grundig-gr7700-gtp7023cegw-toerretumbler/p-1195284/#specs
https://www.power.dk/hvidevarer/toejvask/toerretumblere/grundig-gr7700-gtp7023cegw-toerretumbler/p-1195284/#specs
https://www.power.dk/koekken-og-madlavning/madlavningsapparater/miniovne-og-fritstaaende-kogeplader/haws-mo202020-miniovn/p-2155917/#specs
https://www.power.dk/koekken-og-madlavning/madlavningsapparater/miniovne-og-fritstaaende-kogeplader/haws-mo202020-miniovn/p-2155917/#specs
https://www.power.dk/koekken-og-madlavning/madlavningsapparater/miniovne-og-fritstaaende-kogeplader/haws-mo202020-miniovn/p-2155917/#specs

Master Thesis

Power & Huawei. (n.d.). "JHUAWEI SCALE 3 NEW EDITION 2023 SMARTVAGT HVID” [Visited
on the 20 May 2024]. https://www.power.dk /skoenhed- og- velvaere / helse- og- velvaere /
badevaegte/huawei-scale-3-new-edition-2023-smartvaegt-hvid /p-2168970/

Power & Indesit. (n.d.). "INDESIT MTWE 71484 WK EE” [Visited on the 20 May 2024]. https:
/ /www.power.no/hvitevarer /klesvask/frontbetjent- vaskemaskin /indesit- mtwe- 71484- wk-ee-
vaskemaskin /p-1949619/#specs

Power & Jamo. (n.d.). "JAMO S 807 HCS 5.0 HOJTALERSAT, HVID” [Visited on the 20 May
2024]. https://www.power.dk/tv-og-lyd /hoejttalere-radio-og-hifi /hoejtalere-og-subwoofere /
hoejttalersystemer/jamo-s-807-hcs-50-hoejtalersaet-hvid /p-883267/

Power & JBL. (n.d.-a). "JBL CHARGE 4 BT HOJTALER IPX7, SORT” [Visited on the 20 May
2024]. https://www.power.dk /tv-og-lyd /traadloese- hoejtalere / bluetooth- hoejtalere /jbl-
charge-4-bt-hoejtaler-ipx7-sort /p-950520/

Power & JBL. (n.d.-b). ”JBL PARTYBOX 310 FESTHOJTALER” [Visited on the 20 May 2024].
https://www.power.dk /tv-og-lyd /traadloese- hoejtalere / festhoejttalere / jbl- partybox-310-
festhoejtaler /p-1114213/

Power & JVC. (n.d.). "JVC KDDBG7 BIL CD / DVD -PLAYER/TUNER” [Visited on the 20 May
2024]. https://www.power.dk /tv-og-lyd/lydtilbehoer /bilstereo-og-bilradioer /jve-kddb67-bil-
cd-dvd-playertuner /p-260488/

Power & Klipsch. (n.d.). "KLIPSCH PROMEDIA 2.1 BT HOJTALERE, SORT” [Visited on the
20 May 2024]. https://www.power.dk /computere- og- tablets /hoejtalere- og- headset / pc-
hoejttalere/klipsch-promedia-21-bt-hoejtalere-sort /p-1211478/

Power & LG. (n.d.). "LG BP250 BLURAY AFSPILLER” [Visited on the 20 May 2024]. https:
/ /www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray /1g-bp250-bluray-afspiller /p- 249228 /

Power & Logitech. (n.d.). "LOGITECH 7333 HOJTALERE 2.1 SORT” [Visited on the 20 May 2024].
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset /pc-hoejttalere/logitech-
z333-hoejtalere-21-sort /p-474481/

Power & Miele. (n.d.-a). "MIELE COMPLETE C3 PARQUETT FLEX STOVSUGER, PETROLEUMSGR(ON”
[Visited on the 20 May 2024]. https://www.power.dk /hus/rengoering- og- stoevsugning /
stoevsugere/miele-complete-c3-parquett-flex-stoevsuger-petroleumsgroen /p-1499872/

Power & Miele. (n.d.-b). "Miele G 7163 SCVI” [Visited on the 20 May 2024]. https:// www.
power . dk /hvidevarer / opvaskemaskiner- og- tilbehoer / opvaskemaskiner / miele- g- 7163- scvi-
opvaskemaskine/p-1171855/#specs

Power & Miele. (n.d.-c). "Miele G 7202 SCU CLST” [Visited on the 20 May 2024]. https://www.
power.dk /hvidevarer /opvaskemaskiner-og-tilbehoer /opvaskemaskiner /miele-g-7202-scu- clst-
opvaskemaskine /p-1201878 /#specs

Power & Mill. (n.d.). "MILL INSTANT MAX MEC 2200W GULVVARMER” [Visited on the 20 May
2024]. https://www.power.dk /hus/klima- og- ventilation / varmeapparater / radiatorer / mill-
instant-max-mec-2200w-gulvvarmer/p-1173805/

Power & Nespresso. (n.d.). ”Nespresso vertuo next kapselkaffemaskine by delonghi, mat sort” [Visited
on the 20 May 2024]. https://www.power.dk /koekken- og- madlavning /kaffe- og- te /kapsel-
kafferaskine /nespresso- vertuo- next- kapselkaffemaskine- by- delonghi- mat- sort / p-2001985 /
f#£specs

Power & Ninja. (n.d.-a). "Ninja creami NC3000eu ismaskine” [Visited on the 20 May 2024]. https:
/ /www.power.dk /koekken-og- madlavning /koekkenmaskiner- og- miksere / ismaskiner /ninja-
creami-nc300eu-ismaskine/p-1814801 /#specs

Power & Ninja. (n.d.-b). "Ninja foodi dual zone af300EU airfryer” [Visited on the 20 May 2024].
https://www.power.dk /koekken-og-madlavning /madlavningsapparater /airfryers-og- friture/
airfryers/ninja-foodi-dual-zone-af300eu-airfryer /p-1472919 /#specs

Power & OBH. (n.d.-a). "OBH Nordica iNFINYFORCE pro stavblender” [Visited on the 20 May
2024]. https:/ /www.power.dk / koekken - og- madlavning / koekkenmaskiner - og - miksere /
stavblendere/obh-nordica-infinyforce-pro-stavblender/p-1885599 /#specs
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https://www.power.dk/skoenhed-og-velvaere/helse-og-velvaere/badevaegte/huawei-scale-3-new-edition-2023-smartvaegt-hvid/p-2168970/
https://www.power.dk/skoenhed-og-velvaere/helse-og-velvaere/badevaegte/huawei-scale-3-new-edition-2023-smartvaegt-hvid/p-2168970/
https://www.power.no/hvitevarer/klesvask/frontbetjent-vaskemaskin/indesit-mtwe-71484-wk-ee-vaskemaskin/p-1949619/#specs
https://www.power.no/hvitevarer/klesvask/frontbetjent-vaskemaskin/indesit-mtwe-71484-wk-ee-vaskemaskin/p-1949619/#specs
https://www.power.no/hvitevarer/klesvask/frontbetjent-vaskemaskin/indesit-mtwe-71484-wk-ee-vaskemaskin/p-1949619/#specs
https://www.power.dk/tv-og-lyd/hoejttalere-radio-og-hifi/hoejtalere-og-subwoofere/hoejttalersystemer/jamo-s-807-hcs-50-hoejtalersaet-hvid/p-883267/
https://www.power.dk/tv-og-lyd/hoejttalere-radio-og-hifi/hoejtalere-og-subwoofere/hoejttalersystemer/jamo-s-807-hcs-50-hoejtalersaet-hvid/p-883267/
https://www.power.dk/tv-og-lyd/traadloese-hoejtalere/bluetooth-hoejtalere/jbl-charge-4-bt-hoejtaler-ipx7-sort/p-950520/
https://www.power.dk/tv-og-lyd/traadloese-hoejtalere/bluetooth-hoejtalere/jbl-charge-4-bt-hoejtaler-ipx7-sort/p-950520/
https://www.power.dk/tv-og-lyd/traadloese-hoejtalere/festhoejttalere/jbl-partybox-310-festhoejtaler/p-1114213/
https://www.power.dk/tv-og-lyd/traadloese-hoejtalere/festhoejttalere/jbl-partybox-310-festhoejtaler/p-1114213/
https://www.power.dk/tv-og-lyd/lydtilbehoer/bilstereo-og-bilradioer/jvc-kddb67-bil-cd-dvd-playertuner/p-260488/
https://www.power.dk/tv-og-lyd/lydtilbehoer/bilstereo-og-bilradioer/jvc-kddb67-bil-cd-dvd-playertuner/p-260488/
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset/pc-hoejttalere/klipsch-promedia-21-bt-hoejtalere-sort/p-1211478/
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset/pc-hoejttalere/klipsch-promedia-21-bt-hoejtalere-sort/p-1211478/
https://www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray/lg-bp250-bluray-afspiller/p-249228/
https://www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray/lg-bp250-bluray-afspiller/p-249228/
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset/pc-hoejttalere/logitech-z333-hoejtalere-21-sort/p-474481/
https://www.power.dk/computere-og-tablets/hoejtalere-og-headset/pc-hoejttalere/logitech-z333-hoejtalere-21-sort/p-474481/
https://www.power.dk/hus/rengoering-og-stoevsugning/stoevsugere/miele-complete-c3-parquett-flex-stoevsuger-petroleumsgroen/p-1499872/
https://www.power.dk/hus/rengoering-og-stoevsugning/stoevsugere/miele-complete-c3-parquett-flex-stoevsuger-petroleumsgroen/p-1499872/
https://www.power.dk/hvidevarer/opvaskemaskiner-og-tilbehoer/opvaskemaskiner/miele-g-7163-scvi-opvaskemaskine/p-1171855/#specs
https://www.power.dk/hvidevarer/opvaskemaskiner-og-tilbehoer/opvaskemaskiner/miele-g-7163-scvi-opvaskemaskine/p-1171855/#specs
https://www.power.dk/hvidevarer/opvaskemaskiner-og-tilbehoer/opvaskemaskiner/miele-g-7163-scvi-opvaskemaskine/p-1171855/#specs
https://www.power.dk/hvidevarer/opvaskemaskiner-og-tilbehoer/opvaskemaskiner/miele-g-7202-scu-clst-opvaskemaskine/p-1201878/#specs
https://www.power.dk/hvidevarer/opvaskemaskiner-og-tilbehoer/opvaskemaskiner/miele-g-7202-scu-clst-opvaskemaskine/p-1201878/#specs
https://www.power.dk/hvidevarer/opvaskemaskiner-og-tilbehoer/opvaskemaskiner/miele-g-7202-scu-clst-opvaskemaskine/p-1201878/#specs
https://www.power.dk/hus/klima-og-ventilation/varmeapparater/radiatorer/mill-instant-max-mec-2200w-gulvvarmer/p-1173805/
https://www.power.dk/hus/klima-og-ventilation/varmeapparater/radiatorer/mill-instant-max-mec-2200w-gulvvarmer/p-1173805/
https://www.power.dk/koekken-og-madlavning/kaffe-og-te/kapsel-kaffemaskine/nespresso-vertuo-next-kapselkaffemaskine-by-delonghi-mat-sort/p-2001985/#specs
https://www.power.dk/koekken-og-madlavning/kaffe-og-te/kapsel-kaffemaskine/nespresso-vertuo-next-kapselkaffemaskine-by-delonghi-mat-sort/p-2001985/#specs
https://www.power.dk/koekken-og-madlavning/kaffe-og-te/kapsel-kaffemaskine/nespresso-vertuo-next-kapselkaffemaskine-by-delonghi-mat-sort/p-2001985/#specs
https://www.power.dk/koekken-og-madlavning/koekkenmaskiner-og-miksere/ismaskiner/ninja-creami-nc300eu-ismaskine/p-1814801/#specs
https://www.power.dk/koekken-og-madlavning/koekkenmaskiner-og-miksere/ismaskiner/ninja-creami-nc300eu-ismaskine/p-1814801/#specs
https://www.power.dk/koekken-og-madlavning/koekkenmaskiner-og-miksere/ismaskiner/ninja-creami-nc300eu-ismaskine/p-1814801/#specs
https://www.power.dk/koekken-og-madlavning/madlavningsapparater/airfryers-og-friture/airfryers/ninja-foodi-dual-zone-af300eu-airfryer/p-1472919/#specs
https://www.power.dk/koekken-og-madlavning/madlavningsapparater/airfryers-og-friture/airfryers/ninja-foodi-dual-zone-af300eu-airfryer/p-1472919/#specs
https://www.power.dk/koekken-og-madlavning/koekkenmaskiner-og-miksere/stavblendere/obh-nordica-infinyforce-pro-stavblender/p-1885599/#specs
https://www.power.dk/koekken-og-madlavning/koekkenmaskiner-og-miksere/stavblendere/obh-nordica-infinyforce-pro-stavblender/p-1885599/#specs

Master Thesis

Power & OBH. (n.d.-b). "OBH Nordica onyz toastjern, sort” [Visited on the 20 May 2024]. https:
/ /www.power.dk /koekken- og- madlavning / madlavningsapparater / toastjern / obh- nordica-
onyx-toastjern-sort /p-1078283 /#specs

Power & Oral-B. (n.d.). "ORAL-B I0 SERIES 95 ELEKTRISK TANDBORSTE, ALABASTER
WHITE” [Visited on the 20 May 2024]. https://www.power.dk /skoenhed- og- velvaere /
tandpleje / elektriske - tandboerster / oral- b - io- series - 9s - elektrisk - tandboerste - alabaster -
white/p-1769802/

Power & Panasonic. (n.d.-a). "PANASONIC DP-UB820-BLURAY AFSPILLER” [Visited on the 20
May 2024]. https://www.power.dk /tv-og-lyd /afspillere /dvd- og- blu-ray / panasonic- dp-
ub820-bluray-afspiller /p-894982 /#specs

Power & Panasonic. (n.d.-b). "PANASONIC DVD-S700 DVD-AFSPILLER” [Visited on the 20 May
2024]. https://www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray/panasonic-dvd-s700-dvd-
afspiller/p-894979/?7q=DVD%20afspil

Power & Panasonic. (n.d.-c). ”Panasonic HC-V380” [Visited on the 20 May 2024]. https://www.
power.no/mobil-og-foto/kamera/videokamera/panasonic- hc-v380-fhd-videokamera-svart /p-
255638 /#specs

Power & Philips. (n.d.-a). "PHILIPS DST5050/80 DAMPSTRYGEJERN” [Visited on the 20 May
2024]. https:// www.power.dk /hus / strygejern - og - toejbehandling / strygejern / philips -
dst503080-dampstrygejern/p-1209856/

Power & Philips. (n.d.-b). "PHILIPS HX6850/47 ELEKTRISK TANDBORSTE” [Visited on the 20
May 2024]. https://www.power.dk/skoenhed-og-velvaere/tandpleje/elektriske-tandboerster/
philips-hx685047-elektrisk-tandboerste/p-1927449/

Power & Philips. (n.d.-c). "PHILIPS QP6504/15 ONEBLADE PRO MULTIANVENDELSESTRIM-
MER” [Visited on the 20 May 2024]. https://www . power . dk /skoenhed - og- velvaere /
haarfjerning - og - trimning - til - maend / skaegtrimmere / philips - qp650415 - oneblade - pro -
multianvendelsestrimmer /p-2390933/

Power & Philips. (n.d.-d). ”Philips S5466/17 series 5000 barbernmaskine” [Visited on the 20 May
2024]. https://www.power.dk /skoenhed- og- velvaere /haarfjerning- og- trimning- til- maend /
barbermaskiner /philips-s546617-series-5000-barbermaskine /p-1538818 /#specs

Power & Philips. (n.d-e). "PHILIPS $9975/35 SERIES 9000 BARBERMASKINE, KROM” [Visited
on the 20 May 2024]. https://www.power.dk/skoenhed-og-velvaere /haarfjerning-og-trimning-
til-maend/barbermaskiner /philips-s997535-series-9000- barbermaskine-krom/p-2663305/

Power & Philips. (n.d.-f). ”PHILIPS TAPR802/12 FM/DAB+ BT RADIO” [Visited on the 20 May
2024]. https://www.power.dk/tv-og-lyd /hoejttalere-radio-og-hifi /radioer/philips-tapr80212-
fmdab-bt-radio/p-1176644/

Power & Philips. (n.d.-g). "PHILIPS TAR5005/10 DAB+/FM RADIO” [Visited on the 20 May
2024]. https://www.power.dk/tv-og-lyd /hoejttalere-radio-og-hifi/radioer/philips-tar500510-
dabfm-radio/p-1137687/

Power & Philips. (n.d.-h). "PHILIPS TAR5505/10 DAB+/FM RADIO” [Visited on the 20 May
2024]. https://www.power.dk/tv-og-lyd /hoejttalere-radio-og-hifi/radioer /philips-tar550510-
dabfm-radio,/p-1137688/

Power & Point. (n.d.-a). "Point 3-series POCF30300DW” [Visited on the 20 May 2024]. https://
www.power.no/hvitevarer /kjoel- frys- og- kombiskap / fryseboks / point- 3- series- pocf30300dw-
fryseboks/p-1911939/#specs

Power & Point. (n.d.-b). "Point 7-series FS69WND” [Visited on the 20 May 2024]. https://www.
power.no /hvitevarer / kjoel- frys- og- kombiskap /fryseskap / point- 7-series- fs695wnd- fryser / p-
1905474 /#specs

Power & Point. (n.d.-c). "Point PF855DW?” [Visited on the 20 May 2024]. https://www.power.no/
hvitevarer / kjoel- frys- og- kombiskap / kjoeleskap / point- pf855dw- kjoeleskap- med - fryser / p-
1911933 /#specs
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https://www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray/panasonic-dp-ub820-bluray-afspiller/p-894982/#specs
https://www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray/panasonic-dp-ub820-bluray-afspiller/p-894982/#specs
https://www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray/panasonic-dvd-s700-dvd-afspiller/p-894979/?q=DVD%20afspil
https://www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray/panasonic-dvd-s700-dvd-afspiller/p-894979/?q=DVD%20afspil
https://www.power.no/mobil-og-foto/kamera/videokamera/panasonic-hc-v380-fhd-videokamera-svart/p-255638/#specs
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https://www.power.dk/tv-og-lyd/hoejttalere-radio-og-hifi/radioer/philips-tar500510-dabfm-radio/p-1137687/
https://www.power.dk/tv-og-lyd/hoejttalere-radio-og-hifi/radioer/philips-tar550510-dabfm-radio/p-1137688/
https://www.power.dk/tv-og-lyd/hoejttalere-radio-og-hifi/radioer/philips-tar550510-dabfm-radio/p-1137688/
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/fryseboks/point-3-series-pocf30300dw-fryseboks/p-1911939/#specs
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https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/fryseskap/point-7-series-fs695wnd-fryser/p-1905474/#specs
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/fryseskap/point-7-series-fs695wnd-fryser/p-1905474/#specs
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/fryseskap/point-7-series-fs695wnd-fryser/p-1905474/#specs
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/kjoeleskap/point-pf855dw-kjoeleskap-med-fryser/p-1911933/#specs
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/kjoeleskap/point-pf855dw-kjoeleskap-med-fryser/p-1911933/#specs
https://www.power.no/hvitevarer/kjoel-frys-og-kombiskap/kjoeleskap/point-pf855dw-kjoeleskap-med-fryser/p-1911933/#specs
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Power & Point. (n.d.-d). "POINT POES226TRAVEL REJSESTRYGEJERN” [Visited on the 20
May 2024]. https://www.power.dk /hus/strygejern- og- toejbehandling / strygejern / point-
poes226travel-rejsestrygejern/p-1880134/

Power & Point. (n.d.-e). "POINT POHF2023 VARMEBLASER, HVID” [Visited on the 20 May 2024].
https:/ /www.power.dk /hus /klima- og- ventilation / varmeapparater / varmeblaeser / point-
pohf2023-varmeblaeser-hvid /p-1905362/

Power & Point. (n.d.-f). ”Point POMO5046CIB” [Visited on the 20 May 2024]. https://www.power.
dk / koekken- og- madlavning / madlavningsapparater / miniovne- og- fritstaaende- kogeplader /
point-pomo5046¢ib-miniovn-med-kogeplader /p-2142752 /#specs

Power & Point. (n.d.-g). “Point PR1441DW?” [Visited on the 20 May 2024]. https://www.power.no/
hvitevarer /kjoel-frys-og-kombiskap/fryseskap/point-pr1441dw-fryser/p-1911935/#specs

Power & Point. (n.d.-h). "POINT RUNWAY READY VARMLUFTSB@RSTE” [Visited on the 20
May 2024]. https://www.power.dk/skoenhed-og-velvaere/haarpleje/varmluftsboerste /point-
runway-ready-varmluftsboerste/p-1909949/#specs

Power & Razer. (n.d.). "RAZER HAMMERHEAD HYPERSPEED PS TRADLOSE IN-EAR-HORETELEFONER”
[Visited on the 20 May 2024]. https://www.power.dk /gaming- og- underholdning / pc- og-
tilbehoer /gaming-headset /razer-hammerhead- hyperspeed-ps-traadloese-in-ear-hoeretelefoner/
p-1857958

Power & Remington. (n.d.-a). "REMINGTON D5305 ROSE SHIMMER HARTORRER” [Visited on
the 20 May 2024]. https://www.power.dk /skoenhed- og- velvaere / haarpleje / haartoerrer /
remington-d5305-rose-shimmer-haartoerrer /p-2386131/

Power & Remington. (n.d.-b). "REMINGTON MB3000 STYLE SERIES B3 BARBERMASKINE”
[Visited on the 20 May 2024]. https://www.power.dk/skoenhed-og-velvaere/haarfjerning-og-
trimning- til- maend / barbermaskiner / remington- mb3000- style- series- b3- barbermaskine / p-
1210312/ +#tspecs

Power & Roborock. (n.d.). "JROBOROCK S8 ROBOTSTOVSUGER, SORT” [Visited on the 20 May
2024]. https://www.power.dk/hus/rengoering-og-stoevsugning /robotstoevsugere /roborock-
s8-robotstoevsuger-sort,/p-2108157/

Power & Rgroshetta. (n.d.-a). "Rgroshetta Edge emhette” [Visited on the 20 May 2024]. https://
www.power.dk /hvidevarer /emhaetter-og-tilbehoer /emhaetter /roeroshetta-edge-emhaette /p-
1194812 /#tspecs

Power & Rgroshetta. (n.d.-b). ”"Rgroshetta Slide 60” [Visited on the 20 May 2024]. https://www.
power.dk /hvidevarer / emhaetter- og- tilbehoer / emhaetter / roeroshetta- slide- 60- emhaette-
sort/p-1850949/#specs

Power & Samsung. (n.d.-a). "Samsung MC28M6065CK/EE” [Visited on the 20 May 2024]. https:
/ /www.power.dk /hvidevarer/mikroovne-og-tilbehoer /mikroovne /samsung-mc28m6065ckee-
mikroovn/p-518178 /#specs

Power & Samsung. (n.d.-b). "Samsung RZ32C7BBES9” [Visited on the 20 May 2024]. https://www.
power.no /hvitevarer /kjoel- frys- og- kombiskap / fryseskap / samsung- rz32c7bbes9ef- fryser / p-
2109635 /#specs

Power & Samsung. (n.d.-c). "Samsung RZ32CTBBEWW/EF” [Visited on the 20 May 2024]. https:
//www.power.no /hvitevarer /kjoel- frys- og- kombiskap / fryseskap /samsung-rz32c7bbewwef-
fryser/p-2109636/#specs

Power & Samsung. (n.d.-d). "Samsung WW11BBAOL7ABEE” [Visited on the 20 May 2024]. https:
/ /www.power.no/hvitevarer /klesvask/frontbetjent-vaskemaskin /samsung-ww11bba047abee-
vaskemaskin /p-1555717 /#specs

Power & Samsung. (n.d.-e). "Samsung WW90T4042CT/EE” [Visited on the 20 May 2024]. https:
/ /www.power.no/hvitevarer /klesvask / frontbetjent- vaskemaskin /samsung- ww90t4042ctee-
vaskemaskin /p-1412063/#specs

Power & Sennheiser. (n.d.). "SENNHEISER MOMENTUM 4 WIRELESS STOJREDUCERENDE
HORETELEFONER, HVID” [Visited on the 20 May 2024]. https://www . power.dk /
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https://www.power.dk/tv-og-lyd/hovedtelefoner/traadloese-hovedtelefoner/sennheiser-momentum-4-wireless-stoejreducerende-hoeretelefoner-hvid/p-1649875/
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https://www.power.dk/tv-og-lyd/hovedtelefoner/traadloese-hovedtelefoner/sennheiser-momentum-4-wireless-stoejreducerende-hoeretelefoner-hvid/p-1649875/
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tv-og-lyd / hovedtelefoner / traadloese - hovedtelefoner / sennheiser - momentum - 4 - wireless -
stoejreducerende-hoeretelefoner-hvid /p-1649875/

Power & Senseo. (n.d.). "Senseo CSA210/61 Original plus kapselkaffemaskine,sort” [Visited on the 20
May 2024]. https://www.power.dk/koekken-og-madlavning/kaffe-og-te/kapsel-kaffemaskine/
senseo-csa21061-original-plus-kapselkaffemaskine-sort /p- 1802938 /#specs

Power & Senz. (n.d.-a). "SENZ SCF100W21N” [Visited on the 20 May 2024]. https://www.power.
no/hvitevarer / kjoel- frys- og- kombiskap / fryseboks / senz- scf100w21n- fryseboks /p- 1174173 /
F#£specs

Power & Senz. (n.d.-b). 7Senz SCF200W21N” [Visited on the 20 May 2024]. https://www.power.
no /hvitevarer / kjoel- frys- og- kombiskap / fryseboks / senz- scf200w21n- fryseboks /p- 1174185 /
F#£specs

Power & Senz. (n.d.-c). "SENZ SDVD20 DVD-AFSPILLER” [Visited on the 20 May 2024]. https:
/ /www.power.dk/tv-og-lyd/afspillere/dvd-og-blu-ray /senz-sdvd20-dvd-afspiller /p-1038616 /
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7 Appendices
7.1 Appendix A

This Appendix shows the sales number combined with lifetime table for the start of the available data
and all the way to 2030. Table 7 can be seen on the next page. As the table clearly shows there are
large gaps due to the lifetime of some of the products. This pushes some of the product end-of-life
very far into the future, and some only a few years.
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Table 7: Sales numbers is combined with the lifetime of products in order to estimate the quantities of each product that will be entering
the Waste system each year. ** Lifetime is multiple decades, and the sales number on this product is therefore assumed to not be
entering the waste system withing the timeline of the rest of the EE products.

Number of sold electronics that is at its end-of-life based on its average lifetime.

Category Product Lifetime 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Mobil Mobiltelefoner 3 2050000 2300000 2280000 2365000 2500000 2250000 2200000 2400000 2100000 1850000 2000000
Nettbrett 5 500000 950000 700000
Smartarmband og smartklokker 4 320000 720000 760000
Stillbillede- kamera 7 478000 500000 550000 519000 499000 405000 311000
kamera
Objektiver > - - - - - - - - - - -
Videokamera 7 89000 95000 75000 63000 53000 38000 59000
STore CIoRIRRC | 3 ke 16
apparater
Fryseskap 16
Kombinasjon kjol/frys 16
Kjoleskap 10 89000 92000 85000 77000 77000
Vaskemaskiner 13 230000
Torketromler 10 84000 92000 79000 70000 71000
Oppvaskmaskiner 7 181000 190000 168000 146000 151000 164000 182000
Gulvkomfyrer 13 108000 101000
Bygg-inn 13 169000 184000
Bordkomfyrer 13 17000 18000
Kjokkenventilatorer 15
Minikjokken 6 2000 3000 2000 3000 2000 2000 2000 1000
Mikrobolgeovner 6 150000 210000 157000 133000 156000 215000 230000 210000
Smaclektrisk | Personlig pleie 3 620000 765000 766000 737000 776000 791000 733000 677000 664000 643000 657000
Barbermaskiner 10 138000 130000 111000 123000
Harfjerning kvinner 10 47000 60000 45000 40000
Kjokkenutstyr (Kjokkenmaskiner kaffetraktere, 7 1301000 1515000 1292000 1307000 1549000 1752000 1625000
espresso, vannkokere, vaffeljern osv)
Ovrige (Strykejern stovsugere, bordvifter, 10 1242000 1385000 1154000 1102000
varmeovner)
e o8 ™v 8 510000 650000 636000  GO1000 593000 520000
bildeprodukter
DVD-spiller, uten kombinasjoner 7 203000 265000 200000 107000 80000 52000 24000
Blu-ray spillere 7 10000 30000 76000 98000 140000 150000
Lyd - og bildeanlegg 12 161000 149000
~Radiomottaker 10 123000 119000 95000 98000 120000
med innebygd hoyttaler
Reciever /forsterker /tuner 14
“Hoyttaler 13 76000 68000
~Strommende hoyttaler 13
-CD-spiller 3 4000 3000 2000 2000 4000 3000 2000 2000 2000 1000 1000
~Platespiller (LP) 7 2000 2000 10000 4000 4000 4000 4000
Reiseradio med kombinasjoner 10 175000 200000 170000 192000 185000
CD-spiller 3 40000 21000 40000 80000 30000 35000 33000 15000 13000 10000 5000
MP3-opptaker /avspiller 3 585000 400000 400000 300000 250000 230000 140000 75000 60000 20000 20000
Hodetelefoner 5 1200000
Orepropper (fra 2020) 2
Bilradio / kombinasjoner 10 220000 255000 220000 174000 223000
Forsterkere 8 12000 10000 10000 10000 10000 8000
Hoyttalere (stk.) 18
Computers Computer (desktop) 5
Computer (laptop) 4

2020
1900000
613000
900000

224000

80000

89000
234000
76000
183000
95000
172000
15000

2000
142000
620000
129000

47000

1774000
1437000

483000

17000
122000
142000

110000

11000
36000

1000
8000
125000
5000
25000
1000000

238000
7000

2021
1800000
500000
1060000

140000

82000

93000
225000
82000
185000
79000
147000
20000
130000
1000
153000
613000
142000
44000

1902000
1200000

415000

15000
70000
161000
90000

30000
92000

1000
9000
185000
10000
25000
800000

225000
5000

2022
1700000
500000
1210000

120000

99000
60000

38000
181000
93000
218000
86000
199000
70000
166000
16000
129000
1000
156000
540000
140000
42000

1923000
1127000

429000

25000
70000
215000

140000

24000
83000

1000
10000
270000
5000
25000
840000
1200000
220000
5000

2023
1600000
523000
1170000

68000

48000
54000

38000
182000
105000
219000

77000
190000

73000
193000

15000
118000

1000
142000
680000
125000

40000

1590000
1099000

387000

15000
50000
219000

180000

29000
88000

1000
12000
330000
5000
12000
880000
1000000
210000
5000
390000

648000

2024
1520000
546000
1200000

80000

46000
52000

33000
160000
97000
221000
87000
199000
69000
227000
18000
112000
1000
140000
670000
134000
51000

1412000
1087000

375000

14000
44000
198000

120000

29000
112000

1000
10000
500000
5000
5000
960000
980000
200000
3000
459000
177000
697000

2025 2026 2027 2028 2029 2030
1356000
514000 450000 407000
1160000
49000 39000 29000 23000 24000
48000 43000 36000 37000 37000
47000 44000 60000 57000 49000 46000
34000 34000 39000 48000 47000 56000
149000 140000 124000 130000 135000 138000
94000 91000 93000 88000 88000 90000
234000 234000 216000 235000 242000 217000
91000 94000 86000 85000 91000 105000
202000 206000 207000 215000 201000
70000 76000 76000 78000 69000 66000
214000 213000 250000 253000 274000 267000
19000 25000 34000 20000 8000 4000
101000 119000 144000 129000 122000 130000
1000 0 1000
153000 161000 166000 155000
633000
131000 126000 120000 128000 179000 171000
59000 50000 53000 49000 40000 30000
1600000 1501000 1800000 1925000 1280000
962000 1026000 997000 1062000 1181000 1134000
386000 373000 365000 430000 368000 342000
12000 6000 6000 5000 6000
30000 26000 26000 14000 15000
158000 375000 260000 210000 305000 235000
130000 300000 100000 100000 100000 100000
44000 41000 41000 35000 35000 20000
100000 80000 70000 70000 70000 70000
305000 260000 370000 210000
15000 10000 10000 10000 10000
620000 700000 280000 270000 200000 114000
2000
5000
920000 800000 720000
220000 1008000 297000 210000 198000 218000
4000 4000 3000 5000 5000 0
428000 364000 474000 501000 533000 500000
191000 188000 179000
688000 653000
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7.2 Appendix B

This appendix shows the tables which have the metal content for 1 unit of every EE product. The
unit for the metal is in kg, so it is easy to compare. Due to the number of metals that were found in
EE product the table have been split up into 7 sub-tables to make it readable. The EE products will
be on the left side for every sub-table, with the metals presented by their element symbol.

The colour codes that can be seen in the table is there to convey the following. If a EE product have
a specific colour, that means metals that have the same colour in other products are assumed to be
equal to the original EE product. As a example, looking at Table 8 Mobile Phone has a pink colour,
and Tablet and Smartwatch both have there values for Pb and Sn in pink. This means the values for
Pb and Sn, for both Tablet and Smartwatch, is from Mobile Phone.

This is done for products that are assumed to be very similar in either size and build or in function.
A product that were chosen on size and build are Mini kitchen which were assumed to be similar to
Microwave. for the function the metals are from the PCB of the product, and therefore the function
of the product were prioritized for these metals in the assumption the PCB has a similar build when
the product are doing similar functions.

The metals that are not found in PCB is the first 5 metals in Table 8, the rest are found in the PCB.
In order to keep track of which sources contribute to these another colour code have been used. If the
metals Pb and Sn in Table 8 and any of the metals in Table 9-14 are with a white background then
the source is (Priya & Hait, 2018). If the background is light blue the source is (Oguchi et al., 2011),
and if it is a light pink colour then the weight for the product is from (Oguchi et al., 2011) and the
metal is from (Dimitrijevic et al., 2013).

After the tables with the metals, there are some tables that show the sources for the metals found in
specific products. These tables are separated into 5 different tables. Table 15 present the sources for
the 5 metals that EE product are mostly made of, where the rest of the tables (Tablel6, Table 17,
Table 18, Table 19) shows the sources for the metals found in PCB’s for the different EE products.
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Table 8: The metal content of 1 unit of EE product for every metal found for this thesis. (Part

1)
Metals (kg pr unit)
Product Steel Cu Al Fe Ni Pb Sn
Mobile Phone 552E-03  1,17E-02  7,05E-03 7,66E-08 1,06E-03
Tablet 1,30E-02 2,40E-03 6,58E-02 7,66E-08 1,06E-03
Smartwatch 3,40E-03 7,66E-08 1,06E-03
Camera 1,79E-03  2,56E-02  3,10E-02 2,05E-03 4,70E-03
Camera lenses
VideoCamera 1,79E-03  2,56E-02  3,10E-02 3,57E-03 4,52E-03
Chest Freezer 1,14E401 8,14E-01  581E-01  8,30E+00 2,98E-08 1,87E-02
Cabinet Freezer 2,17E+01  1,55E4+00 1,11E+00 1,58E+01 2,98E-08 1,87E-02
Refrigerator/ L56E+01  112E+00 7,98E-01  1,14E-+01 2,98E-08  1,87E-02
Freezer Combo
Refrigerator 1,32E+01  9,39E-01 6,71E-01 9,58E4-00 2,98E-08 1,87E-02
Washing machine 2,03E4+01 1,50E4+00 3,17E+00 5,71E400 3,43E-07  1,01E-02
Dryer 2,75E4+01 1,68E4+00 7,73E-01 3,43E-07 1,01E-02
Dishwasher 2,12E401 6,52E+00 3,43E-07 1,01E-02
Standalone oven 4,20E+01 1,36E+00 1,36E+00 2,98E-08 1,87E-02
Build in oven 2,69E+01 8,71E-01  8,71E-01 2,98E-08 1,87E-02
Table stove 6,58E+00 2,13E-01  2,13E-01 2,086-08 1,87E-02
Kitchen ventilation 6,10E400 2,26E+00 1,72E+00 1,31E-07  1,90E-02
Minikitchen 2,98E-08 1,87E-02
8,62E4+00 1,14E4+00 5,59E-01 2,98E-08 1,87E-02
Personal care 2,47E-02  3,97E-02 5,48 E-04 1,86E-02 6,42E-09
Electric shaver 1,35E-02  2,17E-02  3,00E-04 1,02E-02  6,42E-09
Hair removal (Female) | 2,47TE-02  3,97E-02  5,48E-04 1,86E-02  6,42E-09
Kitchen equipment 3,02E-01  6,86E-02  1,94E-01 6,97E-02 6,42E-09
Other household items | 7,17E-01  1,06E-01  4,50E-03 1,31E-07  1,90E-02
TV 3,64E4+00 1,37E+00 2,49E+00 7,56E-07  3,71E-02
2,53E-01  556E-02 4,35E-02  3,14E-01 9,60E-08  3,12E-03
Blu-ray Player 3,77E-01  829E-02  648E-02  4,67E-01 9,60E-08  3,12E-03
Sound and 3,64E+00 137E4+00 249E+00 3,79E-03 1,71E-09  1,76E-02
picture system
Radio with 1,82E-02  2,84E-03  1,99E-01 8,67E-08 1,42E-03
loudspeaker ’ ’
IT{EE‘Z?’“/ Amplifier/ 122E-01  122E-01  2,98E+00 1,7IE-09 1,76E-02
Loudspeaker 7,02E-06  3,85E-05  3,79E-03
Wired Loudspeaker 7,02E-06  3,85E-05  3,79E-03 1,71E-09  4,80E-02
-CD-player 2,08E-03 4,17E-03 6,32E-04 2,63E-03
-LP player 2,08E-03 4,17E-03 6,32E-04 2,63E-03
Travle radio 1,82E-02 2,84E-03 1,99E-01 8,67TE-08 1,42E-03
CD-player 2,08E-03 4,17E-03 6,32E-04 2,63E-03
MP3-player 9,30E-03  4,80E-02
Head Phones 7,02E-06  3,85E-05  3,79E-03
Ear plugs 7,02E-06  3,85E-05  3,79E-03
Car Radio 1,82E-02  2,84E-03  1,99E-01 8,67E-08 1,42E-03
Car Amplifier 1,22E-01 1,22E-01 2,98E4-00 1,71E-09 1,76E-02
Car Loudspeakers 7,02E-06  3,85E-05  3,79E-03
Computer (desktop) 1,13E+00 1,86E+4+00 8,10E-01 6,38E4-00 8,94E-07 4,11E-03
Computer (laptop) 1,23E-01  3,05E-01  3,05E-01 9,95E-07 7,91E-03
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Table 9: The metal content of 1 unit of EE product for every metal found for this thesis. (Part
2)

Metals (kg pr unit)

Product Zn Cd Ba Ga Ta Se As
Mobile Phone 1,50E-08 6,18E-10 1,56E-09 4,24E-06 7,88E-05  4,19E-07 6,23E-07
Tablet 1,50E-08 6,18E-10 1,56E-09 4,24E-06  7,88E-05 4,19E-07 6,23E-07
Smartwatch 1,50E-08 6,18E-10 1,56E-09 4,24E-06  7,88E-05 4,19E-07 6,23E-07
Camera 1,06E-03 1,47E-07 1,93E-03 1,81E-06 9,52E-04 3,43E-07 4,19E-07
Camera lenses
VideoCamera 1,55E-03 1,45E-07 2,14E-03 6,19E-06 9,52E-04 3,39E-07 4,14E-07
Chest Freezer 2,55E-08 1,20E-09 1,68E-10 5,57E-07 4,88E-07
Cabinet Freezer 2,55E-08 1,20E-09 1,68E-10 5,57E-07  4,88E-07
Refrigerator/ 2,55E-08  1,20E-09 1,68E-10 5,5TE-07 4,88E-07
Freezer Combo
Refrigerator 2,55E-08 1,20E-09 1,68E-10 5,67E-07 4,88E-07
Washing machine 4,78E-08 3,43E-07 1,34E-09 3,36E-06  2,29E-06
Dryer 4,78E-08 3,43E-07 1,34E-09 3,36E-06 2,29E-06
Dishwasher 4,78E-08 3,43E-07 1,34E-09 3,36E-06 2,29E-06
Standalone oven 2,55E-08 1,20E-09 1,68E-10 5,57E-07 4,88E-07
Build in oven 2,55E-08 1,20E-09 1,68E-10 5,57E-07 4,88E-07
Table stove 2,55E-08 1,20E-09 1,68E-10 5,57E-07 4,88E-07
Kitchen ventilation 1,49E-08 9,76E-10 4,97E-10 1,32E-06 #DIV/0!
Minikitchen 2,55E-08 1,20E-09 1,68E-10 5,57E-07 4,88E-07
2,55E-08 1,20E-09 1,68E-10 5,57E-07 4,88E-07
Personal care 2,28E-10 4,80E-10 3,00E-10 1,29E-07 9,53E-08
Electric shaver 2,28E-10 4,80E-10 3,00E-10 1,29E-07  9,53E-08
Hair removal (Female) | 2,28E-10 4,80E-10 3,00E-10 1,29E-07  9,53E-08
Kitchen equipment 2,28E-10 4,80E-10 3,00E-10 1,29E-07 9,53E-08
Other household items | 1,49E-08 9,76E-10 4,97E-10 1,32E-06
TV 2,37E-07 1,48E-08 1,30E-06 1,79E-04 6,69E-07 4,92E-06

5,20E-10  4,03E-10 7,15E-11 1,27E-06  1,09E-05 1,47E-08  9,79E-08

Blu-ray Player

Sound and 2,94E-05 657E-10 3.85E-11 1,17E-05 2,50E-08  9,25E-08
picture system

Radio with 8,00E-10 3,83E-09 1,60E-10 T7,09E-07 5,32E-07  219E-08 7,42E-07
loudspeaker ’ ’

?ﬁﬁ"er/ Amplifier/ 1o 905 10 657E-10  3,858-11  0,00B--00 2,50E-08  9,25E-08
Loudspeaker 2,94E-05 1,17E-05

Wired Loudspeaker 2,20E-10 6,57E-10 3,85E-11 0,00E+00 0,00E+00 2,50E-08 9,25E-08
-CD-player 1,05E-03 6,42E-08 4,53E-04 353E-05  1,50E-07 1,83E-07
-LP player 1,05E-03 6,42E-08 4,53E-04 3,53E-05  1,50E-07 1,83E-07
Travle radio 8,00E-10 3,83E-09 1,60E-10 T7,09E-07 5,32E-07  2,19E-08 7,42E-07
CD-player 1,05E-03 6,42E-08 4,53E-04 3,53E-05  1,50E-07 1,83E-07
MP3-player 1,I0E-02 1,94E-07 1,90E-02 9,60E-03  4,53E-07 5,53E-07
Head Phones 2,94E-05 1,17E-05

Ear plugs 2,94E-05 1,17E-05

Car Radio 8,00E-10 3,83E-09 1,60E-10 T7,09E-07 5,32E-07  2,19E-08 7,42E-07
Car Amplifier 2,20E-10 6,57E-10 3,85E-11 0,00E+00 #VALUE! 250E-08 9,25E-08
Car Loudspeakers 2,94E-05 1,17E-05

Computer (desktop) | 4,25E-07 9,00E-09 8,15E-08 1,67E-05 1,07E-05  9,27E-06 8 47E-06
Computer (laptop) 1,70E-07 3,63E-09 4,07E-08 4,94E-06 2,87E-03  4,43E-06 548E-06
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Table 10: The metal content of 1 unit of EE product for every metal found for this thesis. (Part
3)

Metals (kg pr unit)

Product Cr Co Mn Be Mo Sb \Y%
Mobile Phone 9,45E-07 4,36E-08 4,23E-07 1,04E-09 1,74E-07 245E-07 1,07E-07
Tablet 9,45E-07 4,36E-08 4,23E-07 1,04E-09 1,74E-07 245E-07 1,07E-07
Smartwatch 9,45E-07 4,36E-08 4,23E-07 1,04E-09 1,74E-07 245E-07 1,07E-07
Camera 6,64E-07 1,69E-05 3,13E-06 1,45E-07  9,01E-06
Camera lenses
VideoCamera 6,55E-07 2,14E-05 3,09E-06 1,43E-07  8,90E-06
Chest Freezer 1,85E-06 1,11E-07 4,61E-07 816E-10 4,54E-07 2,82E-07 1,26E-07
Cabinet Freezer 1,85E-06 1,11E-07 4,61E-07 8,16E-10 4,54E-07 2,82E-07 1,26E-07
Refrigerator/ 1,858-06 1,11E-07 4,61E-07 816E-10 4,54E-07 2,82E-07 1,26E-07
Freezer Combo
Refrigerator 1,85E-06 1,11E-07 4,61E-07 8,16E-10 4,54E-07 282E-07 1,26E-07
Washing machine 3,44E-09 6,51E-07 5,64E-06 2,69E-09 536E-06 2,01E-06 1,40E-07
Dryer 3,44E-09 6,51E-07 5,64E-06 2,69E-09 536E-06 2,01E-06 1,40E-07
Dishwasher 3,44E-09 6,51E-07 5,64E-06 2,69E-09 5,36E-06 2,01E-06 1,40E-07
Standalone oven 1,85E-06 1,11E-07 4,61E-07 816E-10 4,54E-07 2,82E-07 1,26E-07
Build in oven 1,85E-06 1,11E-07 4,61E-07 816E-10 4,54E-07 2,82E-07 1,26E-07
Table stove 1,85E-06 1,11E-07 4,61E-07 8,16E-10 4,54E-07 2,82E-07 1,26E-07
Kitchen ventilation 198E-06 245E-07 4,96E-07 101E-09 6,74E-07 1,10E-06 4,60E-08
Minikitchen 1,85E-06 1,11E-07 4,61E-07 816E-10 4,54E-07 2,82E-07 1,26E-07
icsvavelll 1,85E-06 1,11E-07 4,61E-07 8,16E-10 4,54E-07 2,82E-07 1,26E-07
Personal care 2,36E-06 2,85E-08 2,37E-07 2,40E-10 3,78E-07 2,90E-06 1,21E-08
Electric shaver 2,36E-06 2,85E-08 2,37E-07 240E-10 3,78E-07 2,90E-06 1,21E-08
Hair removal (Female) | 2,36E-06 2,85E-08 2,37E-07 2,40E-10 3,78E-07 2,90E-06 1,21E-08
Kitchen equipment 2,36E-06 2,85E-08 2,37E-07 2,40E-10 3,78E-07 2,90E-06 1,21E-08
Other household items | 1,98E-06 2,45E-07 4,96E-07 1,01E-09 6,74E-07 1,10E-06 4,60E-08
TV 9,06E-06 5,76E-07 2,96E-06 3,98E-09 3,92E-06 3,94E-06 1,57E-07

3,84E-07  3,39E-08 1,42E-07 1,24E-10 1,00E-07 1,30E-06 4,94E-09

Blu-ray Player

Sound and 1,92E-07 2,50E-05 4,42E-08 880E-11 242E-08 2,20E-06 3,14E-09
picture system

Radio with 6,62E-07 7.89E-08 6,08E-07 3,00E-10 44S8E-07 6,13E-07 4,25E-08
loudspeaker

?ﬁf&ver/ Amplifier/ |y gop 07 1,64E-08  4,426-08 SSO0E-11  242E-08 2,20B-06 3,14E-09
Loudspeaker 2,59E-05

Wired Loudspeaker 1,92E-07 1,64E-08 4,42E-08 880E-11 242E-08 2,20E-06 3,14E-09
-CD-player 2,90E-07 4.21E-06 1,37E-06 6,32E-08  3,94E-06

-LP player 2,90E-07 4,21E-06 1,37E-06 6,32E-08  3,94F-06

Travle radio 6,62E-07 7,89E-08 6,08E-07 3,00E-10 4,48E-07 6,13E-07 4,25E-08
CD-player 2,90E-07 4,21E-06 1,37E-06 6,32E-08  3,94E-06
MP3-player 8,75E-07 1,50E-04 4,12E-06 1,91E-07 1,19E-05

Head Phones 2,59E-05

Ear plugs 2,59E-05

Car Radio 6,62E-07 7,89E-08 6,08E-07 3,00E-10 4,48E-07 6,13E-07 4,25E-08
Car Amplifier 1,92E-07 1,64E-08 4,42E-08 880E-11 242E-08 2,20E-06 3,14E-09
Car Loudspeakers 2,59E-05

Computer (desktop) | 1,77E-05 1,05E-06 1,82E-05 2,03E-08 2,05E-06 4,95E-07 2,31E-06
Computer (laptop) 1,37E-05 4,15E-07 3,39E-06 8,00E-09 3,14E-06 7,68E-07 1,12E-06
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Table 11: The metal content of 1 unit of EE product for every metal found for this thesis. (Part
4)

Metals (kg pr unit)

Product Si VAS Sr Mg Bi Ti Ca
Mobile Phone 2,06E-06 2,95E-07 1,30E-05 2,52E-06 1,333E-05  2,88E-06 1,72E-05
Tablet 2,06E-06 2,95E-07 130E-05 252E-06 133E-05  2,88E-06 1,72E-05
Smartwatch 2,06E-06 2,95E-07 1,230E-05 2,52E-06 1,33E-05  2,88E-06 1,72E-05
Camera 8,18E-06 1,17E-06 530E-05 1,00E-05 277E-05  1,14E-05 6,84E-05
Camera lenses

VideoCamera 8,08E-06 1,16E-06 7,26E-05 9,89E-06 285E-05 1,13E-05 6,75E-05
Chest Freezer 1,53E-05 2,19E-06 1,158-05 1,87E-05 1,08E-04  214E-05 128E-04
Cabinet Freezer 1,53E-05 2,19E-06 1,15E-05 1,87E-05 1,08E-04  214E-05 128E-04
Refrigerator/ 1,53E-05 2,19E-06 1,15E-05 1,87E-05 1,08E-04  2,14E-05 1,28E-04
Freezer Combo ’ ’ ’ ’ ’ ’ ’
Refrigerator 1,53E-05 2,19E-06 1,15E-05 1,87E-05 1,08E-04  2,14E-05 1,28E-04
Washing machine 751E-05 108E-05 9,96E-06 9,20B-05 5.64E-05  1,05E-04 6,28E-04
Dryer 751E-05 1,08E-05 9,96E-06 9,20B-05 5.64E-05  1,05E-04 6,28E-04
Dishwasher 751E-05 1,08E-05 9,96E-06 9,20B-05 5.64E-05  105E-04 6,28E-04
Standalone oven 1,53E-05 2,19E-06 1,158-05 1,87E-05 1,08E-04  214E-05 128E-04
Build in oven 1,53E-05 2,19E-06 1,15E-05 1,87E-05 1,08E-04  214E-05 128E-04
Table stove 1,536-05 219E-06 1,158-05 187E-05 108E-04  214E-05 1,28E-04
Kitchen ventilation | 2,43E-05 3,49E-06 2,60E-05 298E-05 #VALUE! 340E-05 2,03E-04
Minikitchen 1,53E-05 2,19E-06 1,15E-05 1,87E-05 1,08E-04  2,14E-05 1,28E-04

1,63E-05 2,19E-06 1,15E-05 1,87E-05 1,08E-04 2,14E-05 1,28E-04

Personal care

Electric shaver

Hair removal (Female)
Kitchen equipment
Other household items | 2,43E-05 3,49E-06 2,60E-05 2,98E-05 3,40E-05 2,03E-04
TV 1,22E-04 1,75E-05 8,97E-04 1,49E-04 3,41E-04 1,70E-04 1,02E-03
9,62E-06 1,38E-06 5,67E-05 1,18E-05 1,20E-05 1,35E-05 8,04E-05

Blu-ray Player

Sound and 542E-05 7,78E-06 1,12E-05 6,64E-05 7,59E-05  4,53E-04
picture system

Rachio with 4,01E-06 5,75E-07 7,09E-06 491E-06 136E-05 561E-06 335E-05
loudspeaker ’ ’ ’

?ﬁ;ilrver/ Amplifier/ | o jop 05 778806 1,12F-05 6,64E-05 7,59E-05 4,53E-04
Loudspeaker

Wired Loudspeaker | 5,42E-05 7,78E-06 1,12E-05 6,64E-05 7,59E-05  4,53E-04
-CD-player 3,57E-06 5,13E-07 121E-05 4,38E-06 579E-05  500E-06 2,99E-05
-LP player 3,57E-06 5,13E-07 121E-05 4,38E-06 579E-05  500E-06 2,99E-05
Travle radio 4,01E-06 5,75E-07 T7,09E-06 4,91E-06 136E-05  561E-06 3,35E-05
CD-player 3,57E-06 5,13E-07 121E-05 4,38E-06 579E-05  500E-06 2,99E-05
MP3-player 1,08E-05 1,55E-06 3.40E-04 132E-05 6,60E-04  1,51E-05 9,02E-05
Head Phones

Ear plugs

Car Radio 4,01E-06 5,75E-07 T7,09E-06 4,91E-06 1,36E-05  561E-06 3,35E-05
Car Amplifier 542E-05 7,78E-06 112E-05 6,64E-05 7,50E-05  4,53E-04

Car Loudspeakers
Computer (desktop) 1,03E-04 148E-05 5,78E-04 1,27E-04 7,61E-05 1,45E-04  8,64E-04
Computer (laptop) 3,36E-05 4,81E-06 1,88E-04 4,11E-05 5,93E-05 4,70E-05 2,81E-04
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Table 12: The metal content of 1 unit of EE product for every metal found for this thesis. (Part
5)

Metals (kg pr unit)

Product Tl Nb B Ag Au Pd Ce
Mobile Phone 2,21E-10 1,30E-04 3,88E-06 9,09E-06 4,06E-08
Tablet 2,21E-10 1,30E-04 3,88E-06 9,09E-06 4,06E-08
Smartwatch 2,21E-10 1,30E-04 3,88E-06 9,09E-06 4,06E-08
Camera 3,85E-04 9,40E-05 2,41E-05
Camera lenses
VideoCamera 5,95E-04  6,30E-05 1,15E-04
Chest Freezer 2,96E-09 5,54E-06 1,37E-07 4,62E-08
Cabinet Freezer 2,96E-09 5,04E-06 1,37E-07 4,62E-08
Refrigerator/ 2,96E-09 5,54E-06  1,37E-07 4,62E-08
Freezer Combo
Refrigerator 2,96E-09 5,54E-06 1,37E-07 4,62E-08
Washing machine 1,34E-08 1,34E-06 7,23E-07 #DIV/0!
Dryer 1,34E-08 1,34E-06 7,23E-07 #DIV/0!
Dishwasher 1,34E-08 1,34E-06 7,23E-07 #DIV/0!
Standalone oven 2,96 E-09 5,504E-06 1,37E-07 4,62E-08
Build in oven 2,96E-09 5,54E-06 1,37E-07 4,62E-08
Table stove 2,96E-09 5,54E-06 1,37E-07 4,62E-08
Kitchen ventilation 1,68E-09 6,24E-07  6,32E-08 #DIV/0!
Minikitchen 2,96E-09 5,54E-06 1,37E-07 4,62E-08
2,96E-09 5,54E-06 1,37E-07 4,62E-08
Personal care 1,68E-09 #DIV/0!
Electric shaver 1,68E-09 #DIV/0!
Hair removal (Female) | 1,68E-09 #DIV/0!
Kitchen equipment 1,68E-09 #DIV/0!
Other household items | 1,68E-09 6,24E-07 6,32E-08 #DIV/0!
TV 1,71E-08 2,78E-06 5,59E-05 6,61E-05 6,41E-06 3,59E-05
7,67E-10 7,28E-07 7,56E-08  2,83E-06 1,37E-08
e T TESEOT THOB08 283E-06 13TE0S
Sound and 9,08E-10 2,78E-06 5,59E-05 6,33E-10 4,74E-09
picture system
Radio with 3,92E-08 4,71E-07 4,01E-08  2,01E-06
loudspeaker ’
Recetver/Amplifier/ | 4o 19 6,33E-10  4,74E-09
Tuner
Loudspeaker 2,78E-06 5,59E-05
Wired Loudspeaker 9,08E-10 6,33E-10  4,74E-09
-CD-player 1,95E-04 1,95E-05 5,26E-07
-LP player 1,95E-04 1,95E-05 5,26E-07
Travle radio 3,92E-08 4,71E-07 4,01E-08  2,01E-06
CD-player 1,95E-04 1,95E-05 5,26E-07
MP3-player 3,40E-03 9,40E-04  5,50E-04
Head Phones 2,78E-06 5,59E-05
Ear plugs 2,78E-06  5,59E-05
Car Radio 3,92E-08 4,71E-07 4,01E-08  2,01E-06
Car Amplifier 9,08E-10 6,33E-10 4,74E-09
Car Loudspeakers 2,78E-06 5,59E-05
Computer (desktop) 3,15E-09 2,78E-06 5,59E-05 4,60E-05 4,60E-05 228E-04 1,75E-06
Computer (laptop) 1,01E-08 2,78E-06 5,59E-05 2,81E-05 2,.81E-05 9,89E-05 5,60E-07

Spring 2024 Page 69 of 76



Master Thesis

Table 13: The metal content of 1 unit of EE product for every metal found for this thesis. (Part
6)

Metals (kg pr unit)

Product Dy Er Eu Gd Ho La Nd
Mobile Phone 2,15E-09 8,26E-10 2,85E-08 1,21E-08 4,55E-10 2,50E-08 2,19E-08
Tablet 2,15E-09 8,26E-10 2,85E-08 1,21E-08 4,55E-10 2,50E-08 2,19E-08
Smartwatch 2,15E-09 8,26E-10 2,85E-08 1,21E-08 4,55E-10 2,50E-08 2,19E-08
Camera
Camera lenses
VideoCamera
Chest Freezer 3,52E-09 1,76E-09 1,18E-09 8,32E-09 576E-10 4,44E-08 2,42E-08
Cabinet Freezer 3,52E-09 1,76E-09 1,18E-09 §8,32E-09 5,76E-10 4,44E-08 2,42E-08
Refrigerator/ 3,52E-09 1,76E-09 118E-09 8,32E-09 576E-10 444E-08 242E-08
Freezer Combo
Refrigerator 3,52E-09 1,76E-09 1,18E-09 8,32E-09 5,76E-10 4,44E-08 242E-08
Washing machine 2,96E-08 1,08E-08 9,14E-09 1,45E-08 6,88E-09 127E-07 6,72E-08
Dryer 2,96E-08 1,08E-08 9,14E-09 145E-08 6,88E-09 127E-07 6,72E-08
Dishwasher 2,96E-08 1,08E-08 9,14E-09 145E-08 6,88E-09 127E-07 6,72E-08
Standalone oven 3,52E-09 1,76E-09 1,18E-09 8,32E-09 5,76E-10 4,44E-08 2,42E-08
Build in oven 3,52E-09 1,76E-09 1,18E-09 8,32E-09 5,76E-10 4,44E-08 2,42E-08
Table stove 3,52E-09 1,76E-09 1,18E-09 8,32E-09 5,76E-10 4,44E-08 2,42E-08
Kitchen ventilation 6,15E-08 4,15E-08 5,05E-08 7,50E-08 140E-08 7,95E-07 3,80E-07
Minikitchen 3,52E-09 1,76E-09 1,18E-09 8,32E-09 5,76E-10 4,44E-08 2,42E-08
iEsvavelll 3,52E-09 1,76E-09 1,18E-09 8,32E-09 5,76E-10 4,44E-08 2,42E-08
Personal care 8,40E-10 3,72E-10 126E-09 246E-09 1,20E-10 5,10E-09 4,26E-09
Electric shaver 8,40E-10 3,72E-10 126E-09 246E-09 1,20E-10 5,10E-09 4,26E-09
Hair removal (Female) | 8,40E-10 3,72E-10 1,26E-09 2,46E-09 1,20E-10 5,10E-09 4,26E-09
Kitchen equipment 8,40E-10 3,72E-10 126E-09 246E-09 1,20E-10 5,10E-09 4,26E-09
Other household items | 6,15E-08 4,15E-08 5,05E-08 7,50E-08 1,40E-08 7,95E-07 3,80E-07
TV 8,19E-09 830E-09 2,50E-08 1,10E-08 2,39E-09 104E-07 6,65E-08

3,19E-10  2,28E-10 3,32E-09 6,83E-10 6,83E-11 3,80E-09 1,69E-09

Blu-ray Player

Sound and 9,71E-05 2,20E-10 2,39E-10 643E-06 6,05E-11 2,53E-09 1,37E-03
picture system

Radio with 1,90E-09 1,10E-09 9,70E-10 1,20E-09 3,60E-10 1,17E-08 9,80E-09
loudspeaker

IT{SEZVET/ Amplifier/ | 1510 99010 230E-10 523E-10 6,05E-11 2,53E-00 1,51E-09
Loudspeaker 9,71E-05 6,43E-06 1,37E-03
Wired Loudspeaker | 3,11E-10  2,20E-10 2,339E-10 5,23E-10 6,05E-11 2,53E-09 1,51E-09
-CD-player

-LP player

Travle radio 1,90E-09 1,10E-09 9,70E-10 1,20E-09 3,60E-10 1,17E-08 9,80E-09
CD-player

MP3-player

Head Phones 9,71E-05 6,43E-06 1,37E-03
Ear plugs 9,71E-05 6,43E-06 1,37E-03
Car Radio 1,90E-09 1,10E-09 9,70E-10 1,20E-09 3,60E-10 1,17E-08 9,80E-09
Car Amplifier 3,11E-10 2,20E-10 2,39E-10 5,23E-10 6,05E-11 2,53E-09 1,51E-09
Car Loudspeakers 9,71E-05 6,43E-06 1,37E-03
Computer (desktop) | 5,18E-08 293E-08 2,16E-07 3,17E-07 945E-09 1,06E-06 4,21E-07
Computer (laptop) 343E-08 111E-08 228E-07 151E-07 101E-08 280E-07 153E-07
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Table 14: The metal content of 1 unit of EE product for every metal found for this thesis. (Part
7)

Metals (kg pr unit)

Product Pr Sc Sm Tm Yb Y
Mobile Phone 3,58E-09 3,96E-07 247E-09 1,17E-10 8,45E-10 1,43E-08
Tablet 3,58E-09 3,96E-07 2,47E-09 1,17E-10 8,45E-10 1,43E-08
Smartwatch 3,58E-09 3,96E-07 247E-09 1,17E-10 845E-10 1,43E-08
Camera
Camera lenses
VideoCamera
Chest Freezer 8,24E-09 3,09E-07 4,80E-09 2,56E-10 1,76E-09 3,19E-08
Cabinet Freezer 8,24E-09 3,09E-07 4,80E-09 2,56E-10 1,76E-09 3,19E-08
Refrigerator/ 8,24E-09 3,09E-07 4,80E-09 256E-10 1,76E-09 3,19E-08
Freezer Combo ’
Refrigerator 8,24E-09 3,09E-07 4,80E-09 2,56E-10 1,76E-09 3,19E-08
Washing machine 2,69E-08 2,83E-06 1,29E-08 1,34E-09 §,60E-09 1,48E-07
Dryer 2,69E-08 2,83E-06 1,29E-08 1,34E-09 8,60E-09 1,48E-07
Dishwasher 2,69E-08 2,83E-06 1,29E-08 1,34E-09 8,60E-09 1,48E-07
Standalone oven 8,24E-09 3,09E-07 4,80E-09 2,56E-10 1,76E-09 3,19E-08
Build in oven 8,24E-09 3,09E-07 4,80E-09 2,56E-10 1,76E-09 3,19E-08
Table stove 8,24E-09 3,09E-07 4,80E-09 2,56E-10 1,76E-09 3,19E-08
Kitchen ventilation 1,46E-07 2,28E-05 4,95E-08 2,10E-08 2,30E-08 6,30E-07
Minikitchen 8,24E-09 3,09E-07 4,80E-09 2,56E-10 1,76E-09 3,19E-08
_ 8,24E-09 3,09E-07 4,80E-09 2,56E-10 1,76E-09 3,19E-08
Personal care 1,30E-09 2,74E-07 §8,52E-10 8,40E-11 6,00E-10 3,84E-09
Electric shaver 1,30E-09 2,74E-07 8,52E-10 8,40E-11 6,00E-10 3,84E-09
Hair removal (Female) | 1,30E-09 2,74E-07 8,52E-10 8,40E-11 6,00E-10 3,84E-09
Kitchen equipment 1,30E-09 2,74E-07 8,52E-10 §8,40E-11 6,00E-10 3,84E-09
Other household items | 1,46E-07 2,28E-05 4,95E-08 2,10E-08 2,30E-08 6,30E-07
™V 3,41E-08 5,54E-06 1,27E-08 148E-09 9,33E-09 1,54E-07

6,18E-10 1,33E-07 3,61E-10 3,90E-11 2,60E-10 1,46E-08

Blu-ray Player

Sound and 3,90E-04 1,11E-07 3,16E-10 248E-11 1,95E-10 1,57E-09
picture system

Hadio with 3,90E-09 1,53E-07 190E-09 1,50E-10 1,10E-09 9,70E-09
loudspeaker

?ﬁﬁ"er/ Amplifier/ | 7 7ep 10 111E-07  3,16F-10 248E-11 1,95E-10  1,57E-09
Loudspeaker 3,90E-04

Wired Loudspeaker 7,78E-10 1,11E-07 3,16E-10 2,48E-11 1,95E-10 1,57E-09
-CD-player

-LP player

Travle radio 390E-09 1,53E-07 1,90E-09 1,50E-10 1,10E-09 9,70E-09
CD-player

MP3-player

Head Phones 3,90E-04

Ear plugs 3,90E-04

Car Radio 3,90E-09 1,53E-07 1,90E-09 1,50E-10 1,10E-09 9,70E-09
Car Amplifier 778E-10 1,11E-07 3,16E-10 2,48E-11 1,95E-10 1,57E-09
Car Loudspeakers 3,90E-04

Computer (desktop) 1,67E-07 5,06E-06 8,89E-08 9,11E-09 3,15E-08 4,58E-07
Computer (laptop) 4,64E-08 1,84E-06 3,50E-08 1,61E-09 1,21E-08 1,21E-08
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Table 15: Source for metals values, Steel - Tin for every EE Product

Sources for the metals in the EE products

Product Steel Cu Al Fe Ni

. Fornalczyk et al., 2013),(Wordpress, 2015d),
Mobile Phone EZhang et al., 2017),(Ba3x(ter et al., 2016) )
Tablet (Arduin, 2019),(Babbitt et al., 2020)
Smartwatch (Ma et al., 2017)
Camera (Oguchi et al., 2011)
VideoCamera (Oguchi et al., 2011)
Chest Freezer (Wordpress, 2014),(Wordpress, 2014),(Baxter et al., 2016),(Oguchi et al., 2011)
Cabinet Freezer (Wordpress, 2014),(Wordpress, 2014),(Baxter et al., 2016),(Oguchi et al., 2011)
Refrigerator /Freezer Combo | (Wordpress, 2014),(Wordpress, 2014),(Baxter et al., 2016),(Oguchi et al., 2011)
Refrigerator (Wordpress, 2014),(Wordpress, 2014),(Baxter et al., 2016),(Oguchi et al., 2011)
Washing machine (Francesca et al., 2019
Dryer Francesca et al., 2019
Dishwasher

Standalone oven

Build in oven
Table stove

Kitchen ventilation

Minikitchen
Microwave
Personal care
Electric shaver

Hair removal (Female)
Kitchen equipment

Other househo

Francesca et al., 2019
Francesca et al., 2019
(Wordpress, 2015a)

)
( )
(Francesca et al., 2019)
(Francesca et al., 2019)
( )
( )

(Ashby, 2009)

1d items (Bobba et al., 2016)

(Wordpress, 2015¢),(Truttmann & Rechberger, 2006)
(Wordpress, 2015¢),(Truttmann & Rechberger, 2006)
(Li et al., 2010),(Ashby, 2009)

(Li et al., 2010),(Ashby, 2009)

(Li et al., 2010),(Ashby, 2009)

TV

(Fornalczyk et al., 2013),(Zhang et al., 2017),
(Baxter et al., 2016),(Truttmann & Rechberger, 2006)

DVD Player
Blu-ray Player

(Fornalczyk et al., 2013),(Truttmann & Rechberger, 2006)
(Fornalczyk et al., 2013),(Truttmann & Rechberger, 2006)

Sound and picture system

(Fornalczyk et al., 2013),(Zhang et al., 2017),(Baxter et al., 2016),
(Truttmann & Rechberger, 2006),(Lixandru et al., 2017)

Radio with loudspeaker
Receiver/Amplifier/Tuner
Loudspeaker

Wired Loudspeaker

CD Player

LP Player

Travle Radio

CD Player

MP3 Player

Head Phones

Ear Plugs

Car Radio

Car Amplifier

Car Loudspeaker

(Oguchi et al., 2011)
(Oguchi et al., 2011)
(Lixandru et al., 2017)
(Lixandru et al., 2017)
(Oguchi et al., 2011)
(Oguchi et al., 2011)
(Oguchi et al., 2011)
(Oguchi et al., 2011)

(Lixandru et al., 2017)
(Lixandru et al., 2017)
(Oguchi et al., 2011)
(Oguchi et al., 2011)
(Lixandru et al., 2017)

Computer (Desktop)

(Fornalczyk et al., 2013),(Wordpress, 2015b),(Sodhi & Reimer, 2001),
(Zhang et al., 2017),(Oguchi et al., 2011)

Computer (Laptop)

(Francesca et al., 2019)
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Table 16: Source for metals values, Pb-Bi for EE Product: Mobile Phone - Other Household items

Sources for the metals in the EE products

Product Pb\Sn\Zn\Cd\Ba\Ga\Ta\Se\As\Cr\Co\Mn\Be\Mo\Sb\V\Si\Zr\Sr\Mg\Bi
Mobile Phone (Oguchi et al., 2011),(Priya & Hait, 2018)

Tablet (Oguchi et al., 2011),(Priya & Hait, 2018)

Smartwatch (Oguchi et al., 2011),(Priya & Hait, 2018)

Camera (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
VideoCamera (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Chest Freezer (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Cabinet Freezer (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Refrigerator /Freezer Combo (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Refrigerator (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Washing machine (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Dryer (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Dishwasher (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Standalone oven (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Build in oven (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Table stove (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Kitchen ventilation (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Minikitchen (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Microwave (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Personal care (Priya & Hait, 2018)

Electric shaver (Priya & Hait, 2018)

air removal (Female) (Priya & Hait, 2018)

Kitchen equipment (Priya & Hait, 2018)

Other household items (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
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Table 17: Source for metals values, Pb-Bi for EE Product: TV - Computer (Laptop)

Sources for the metals in the EE products

Product Pb\Sn\Zn\Cd\Ba\Ga\Ta\Se\As\Cr\Co\Mn\Be\Mo\Sb\V\Si\Zr\Sr\Mg\Bi
vV (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
DVD Player (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Blu-ray Player (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Sound and picture system (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018),(Lixandru et al., 2017)
Radio with loudspeaker (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Receiver/Amplifier/Tuner (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Loudspeaker (Lixandru et al., 2017)

Wired Loudspeaker (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
CD Player (Oguchi et al., 2011),(Dimitrijevic et al., 2013)

LP Player (Oguchi et al., 2011),(Dimitrijevic et al., 2013)

Travle Radio (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
CD Player (Oguchi et al., 2011),(Dimitrijevic et al., 2013)

MP3 Player (Oguchi et al., 2011),(Dimitrijevic et al., 2013)

Head Phones (Lixandru et al., 2017)

Ear Plugs (Lixandru et al., 2017)

Car Radio (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Car Amplifier (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Car Loudspeaker (Lixandru et al., 2017)

Computer (Desktop) (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Computer (Laptop) (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
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Table 18: Source for metals values, Ti-Y for EE Product: Mobile Phone - Other Household items. §
»n
Sources for the metals in the EE products g
Product Ti |[Ca [TI[Nb |[B|Ag [ Au|Pd[Ce[Dy [Er[Eu|Gd[Ho|[La|[Nd|[Pr[Sc|Sm][Tm]|Yb|[F
Mobile Phone (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018) Z.
Tablet (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018) *
Smartwatch (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
Camera (Oguchi et al., 2011),(Dimitrijevic et al., 2013)
VideoCamera (Oguchi et al., 2011),(Dimitrijevic et al., 2013)

Chest Freezer

Cabinet Freezer
Refrigerator /Freezer Combo
Refrigerator

Washing machine
Dryer

Dishwasher
Standalone oven

Build in oven

Table stove

Kitchen ventilation
Minikitchen
Microwave

Personal care

Electric shaver

Hair removal (Female)
Kitchen equipment
Other household items

Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018

(

(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011
(Oguchi et al., 2011

— e e e S S e

(Priya & Hait, 2018)
(Priya & Hait, 2018)
(Priya & Hait, 2018)
(Priya & Hait, 2018)

(

,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013
,(Dimitrijevic et al., 2013

o o N N o

)
,(Priya & Hait, 2018)
,(Priya & Hait, 2018)
,(Priya & Hait, 2018)
,(Priya & Hait, 2018)
,(Priya & Hait, 2018)

Priya & Hait, 2018)
,(Priya & Hait, 2018)
,(Priya & Hait, 2018)
,(Priya & Hait, 2018)
,(Priya & Hait, 2018)
,(Priya & Hait, 2018)
,(Priya & Hait, 2018)

(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
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Table 19: Source for metals values, Ti-Y for EE Product: TV - Computer (Laptop).

Sources for the metals in the EE products

Product Ti[Ca [TI|Nb |B|Ag[Au|Pd[Ce[Dy [Er [Eu|Gd[Ho [La|Nd|[Pr[Sc|Sm|[Tm]|Yb]}
TV (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
DVD Player (Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)

Blu-ray Player

Sound and picture system
Radio with loudspeaker
Receiver/Amplifier/Tuner

Loudspeaker
Wired Loudspeaker
CD Player

LP Player

Travle Radio

CD Player

MP3 Player

Head Phones

Ear Plugs

Car Radio

Car Amplifier

Car Loudspeaker
Computer (Desktop)
Computer (Laptop)

(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018),(Lixandru et al., 2017)
(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
(Lixandru et al., 2017)

(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
(Oguchi et al., 2011),(Dimitrijevic et al., 2013)

(Oguchi et al., 2011),(Dimitrijevic et al., 2013)

(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
(Oguchi et al., 2011),(Dimitrijevic et al., 2013)

(Oguchi et al., 2011),(Dimitrijevic et al., 2013)

(Lixandru et al., 2017)

(Lixandru et al., 2017)

(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
(Lixandru et al., 2017)

(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
(Oguchi et al., 2011),(Dimitrijevic et al., 2013),(Priya & Hait, 2018)
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